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A measure of aggregate productivity growth should serve as a
barometer, sensitive to the economy's success in solving its economic
problem. Economists long have reasoned that goods destined for final
demand are the ultimate objective of economic production. These are
the goods, as Kendrick (1973) argues, "that satisfy current consumer
wants or that add to stocks of productive capacity for satisfying
future wantsm“l The sum of sectoral deliveries to final demand,
therefore, are the appropriate output criterion for evaluating aggre-
gate productivity growth.

Sectoral deliveries to intermediate deﬁand typically are excluded
from studies of aggregate economic performance. Intersectoral deliv-
eries are viewed as wholly internal transactions, self-canceling in
both real and money terms. Moreover, transfer prices are assumed to
reflect marginal production costs. Under these conditions, deliveries
to final demand can be shown to equal national net output or, as con-
ventionally described, aggregate value added.2 The result is that
studies of aggregate economic performance typically define produc-
‘tivity at the economy-wide level as the efficiency with which labor
and capital inputs are converted into aggregate value added. For all
their important differences, Solow (1957), Kendrick (1961, 1973),
Denison (1962, 1974, 1979), Jorgenson and Griliches (1967),
Christensen and Jorgenson (1973), and Kendrick and Grossman (1980)
adopt this conventional approach to aggregate growth accounting.

The primary focus of this paper is the characterization of
‘microeconomic activity implicit in models of aggregate productivity
growth. The self-canceling properties of intersectoral transactions

are not economic truisms. They follow, instead, from two assumptions:
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(1) the economy is closed to trade in foreign-produced inputs and (2)
intersectoral transfer prices equal marginal production costs.

Neither assumption need hold even in a competitive economy. In
the presence of imported inputs, material inputs consumed in the
domestic economy exceed the quantity supplied by domestic producers.
Furthermore, given taxes and/or subsidies on intersectoral transac-
tions, producer and consumer prices for intermediate goods are not
equal. Transfer prices no longer reflect marginal production costs.
Transactions in material inputs neither are purely internal transfers
nor arevthey offsetting in either real or money terms.

The implications for modeling and measuring aggregate produc-
tivity growth are direct. For a competitive economy both closed to
trade in imported inputs and having marginal cost pricing in all
intermediate input markets, value-added and delivery-to-final-demand
models can be shown to produce equivalent measures of aggregate pro-
ductivity growth. Once international trade, taxes, and subsidies are
introduced, however, modeling aggregate productivity in terms of value
added or deliveries to final demand does make a difference. The final
measure of aggregate productivity growth can be shown to depend impor-
tantly on the initial description of the economy's macroeconomic
objectives for production, the process of intersectoral transfers, and
the technical properties of microeconomic production.

Sections 1 and 2 of this paper contrast measures of aggregate
‘productivity growth derived, respectively, from value-added and
delivery-to=-final-demand models of economic activity. Though the

models produce substantively different measures of aggregate produc-
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tivity growth, they can be related through terms adjusting for the
productivity consequences of intersectoral and international trade.

Sections 3 and 4 investigate the properties of defining aggregate
productivity growth for an open economy without marginal cost
transfer prices. The value-added and delivery-to-final-demand rates
of aggregate productivity growth are decomposed into their
microeconomic source components. The decompositions not only
demonstrate the unique productivity contributions of sectoral
productivity growth, its intersectoral transmission, transfer prices,
imported inputs, and the changing distribution of intermediate inputs
but also make explicit the microeconomic assumptions underlying the
alternative models of economic growth. Section 4 completes the
analysis with a discussion of the practical consequences of these
findings both for intertemporal and international productivity
comparisons as well as for the design of regional models of

productivity growth.

1. Value Added

Studies defining aggregate productivity growth in terms of value
added implicitly view the macro economy as a set of horizontally inde~
pendent sectors, each producing value added from labor and capital
inputs. The maximum value of aggregate value added (A) is expressed as
a function of all quantities of sectoral value added (Vj), aggregate
labor (L) and capital (K) inputs, and time (t)

(1) X=F(Vy, V2,000.,Vp, L, K, t)

Society's economic problem is to maximize A given linearly homogeneous




value—~added functions
(2) vy = vI(Ly, Ky, t) (3 =1, 2,...,m),
market equilibrium conditions, and aggregate supplies of labor and
capital, where L = ZLj and K = ZKje3 The function F is homogeneous of
degree minus one in quantities of sectoral value added, degree one in
factor supplies, and degree zero in quantities of value added and
inputs@4

The particular characterization of macroeconomic activity
embodied in equation (1) has important technical implications for sec-
toral production. The existence of sectoral value-added functions Vj
implies that sectoral production of gross output is characterized by
value-added separability:

(3) 235 = £IIvI(L3, Ky, t), X335, X24,.00,Xpy] (3 =1, 2,0..,n),

where 75 gross output of the jth sector and
Xji4y = ith intermediate input used in the jth sector.

Maintaining the separability of value added and intermediate
inputs implies that the technical properties of Vj, including all the
properties of productivity growth, can be analyzed in isolation from
intermediate inputs. These inputs cannot be sources or mediums of
productivity growth. Productivity improvements can affect output only
through Vj. Stated formally, intermediate inputs are exciuded from a
vélue—added model of macroeconomic activity not only because they are
viewed as self-canceling transactions but also because they are con-
sidered unimportant to the analysis of underlying sectoral produc-
tivity'groﬁth.

The derivation of the walue added productivity formula, though
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not unfamiliar in the productivity literature, sets the stage for the
comparative analysis which follows. That derivation begins by fixing
the level of aggregate value added at unity:
(4) 1 = F(Vy, V2,000,V L, K, t)o

Egquilibrium in a competitive economy and the homogeneity restric-
tions underlying the frontier F together imply the following
conditions:

v

(5) oinF _ =q 43V AInF  _ py L : 91nF pKK
. v v Wy
31nV4 quvj d1nL a3V 91nK EENE
J J ]
v
(6a) ) asvy -
I3
Jajv
J

and

(6Db) Pl p BK

1,

v v

lagvy  lagvy

J J
where qg is the producer price of value added produced in the jth sec-
tor and Py, and pg are the economy-wide average prices paid by produc-
erg for labor and capital inputs, respectively; that is P, = ZPLij/L
and p, = EijKj/K.

Condition (6a) is true by construction. The value of aggregate
value added equals the sum of all sectoral value added. Verifying
(6b) begins with the sectoral accounting identity relating the value

of total output and payments to all factors of production:
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(7) 4323 = ppsby * PegKy + Ipy¥y (3= 1., 2,000m),

where as is the producer price of gross output in the jth sector and
pi is the price paid for intermediate input produced in the ith
se@toras The value of sectoral value added equals the value of out-=
put less the value of intermediate input purchases:

v
(8) ajvy = q42y - IpiXij (5 =1, 2,000,n).

Substituting (7) into (8) and summing over all n sectors yields:

\'4
9 Vs = L, 4+ K,
J ] J
= pp L+ peK,

establishing the result required by (6b).
The expression for the rate of aggregate productivity growth EV now
can be derived by substituting (5) into the total logarithmic deriva-

tive of F with respect to time:

v .
(10) 5 - 9nF _ ] ayvj dinvj _p L dinkL _ pK  dlnK
ot J v dt v dt v dt
lajvy Jasvy Jasvj
j 3 _ 3

This result can be summarized as a familiar proposition.

Proposition l: The rate of aggregate productivity growth
for an economy maximizing net output (value added) is
defined as the weighted average of rates of growth of
sectoral value added (with weights equal to sectoral
value added shares in aggregate net output) less the
weighted average rates of growth of aggregate labor and
capital inputs (with weights equal to the value shares

of input payments in aggregate net output). Both sets

of weights sum to unity.

Note that the expression for Ey, defined in (10) applies to all

economies, whether open or closed to trade in foreign-produced inputs
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and regardless of the structure of taxes on intersectoral transac-
tions. Intermediate inputs, whether purchased from domestic or
foreign producers, do not enter either the production-possibilities
frontier (4) or the sectoral value-added functions (2). That inter-
sectoral transfer prices might not reflect true marginal production
costs is of no consequence to the equilibrium and homogeneity con=
ditions (5) and (6). The macro economy is viewed as if it were a set
of horizontally independent sectors.

The important observation is that the model of aggregate produc-
tivity stated in terms of value added does not depend on the assump-
tions that the economy imports no material inputs and that internal
transfers are allocatively efficient. Though these assumptions are
used to rationalize the value-added model, nowhere are they introduced
in the derivation of Ey. That derivation, instead, depends solely on
the assumption of value-added separability. Not surprisingly, the
resulting measure of aggregate productivity growth (10) is insensitive
to both the economy's external trade in foreign-produced goods as well

as the efficiency of intermediate input markets.

2. Deliveries to Final Demand

The delivery-to-final-demand model of aggregate productivity
.growth is constrained by sectoral production functions, not sectoral
value-added functions. Value-added separability is not a maintained
hypothesis. Intersectoral and international transactions in material
inputs are not suppregsed. The vertical structure of the aggregate

economy is recognized explicitly. Consegquently, the model must be
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sensitive both to the absence of marginal cost transfer pricing and to
the degree of the economy's openness to trade in foreign-produced
inputs.

The formal specifications of the delivery-to-final demand models
appropriate to a "closed and untaxed" economy and to an "open and
taxed" economy are developed separately below. The results are

contrasted with the value-—~added model described in section 1.

The closed economy with marginal cost transfer prices. Society's

objective is to maximize aggregate output defined as deliveries to
final demand. The maximum value of aggregate deliveries to final
demand (p) can be expressed as a function of all gquantities of sec-

toral deliveries to final demand (Yj), all primary inputs, and time:

(11) uw = 6(Yy, ¥Y2,¢0.:,¥n, L, K, t).

The economy-wide maximization problem is constrained by the

supplies of primary inputs and by linearly homogeneous sectoral

production functions:

(12) z45 = g3 (L3, Ky, X214, X2§se00, Xnj, t) (3 =1, 2,..0,m)-

It necessarily follows that the aggregate function G is homogeneous of
degree minus one in sectoral deliveries to final demand, degree one in
labor and capital inputs, and degree zero in final demand deliveries
and all inputs. Though intermediate inputs do not appear explicitly
in the macro model (11), they enter the problem through the
constraints (12). Microeconomic production for delivery to inter-

mediate demand is an>important part of the solution to the macro-

economic problem maximizing deliveries to final demand.

Given the homogeneity properties of the production-possibilities
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frontier

(13) 1 = G(Yy, Y2,000,¥p, L, K, &),

necessary conditions for producer equilibrium in a competitive economy

require the following relations:

Y
(14) 3inG _ —a.Y5 31nG - P L AnG  _ pK
5lan ] v olnL ) ¥y d1lnK Y
LAY 5 AJY 5 Ya.Y.
. i - 537
(15a) y -
Sy
1 Ty
Ja3¥3
J
and
(15p) pLL + prK =1,
Y Y
la3¥ 3 Ja3¥;
J J

where q% is the price of goods delivered to final demand in the jth sector.
Conditions (15a) and (15b) follow directly from accounting iden;

tities. Condition (15a) is true by construction. Condition (15b)

follows from the equality of the value of a sector's total production

both to the sum of the values of that sector's deliveries to inter-

mediate and final deménds and to the sum of that sector's payments to

all factors of production:

X y
(16) ajz3 = lajXji + aivy (3 =1, 2,...,n)
1

l' 2,..-,1’1),

(17) 9424 = pLij + ijKj + gpixij (35

where q§ is the price of goods delivered to intermediate demand in the
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jth gector96 Summing (16) and (17) over all sectors and equating the

results produces the condition required by (15b):

Y
(18) Jas¥y = lerytj + IpygsK;
3 J 3
= pLL + pKK
since, given the equivalence of producer and consumer prices in
% X
markets for intermediate goods (q4 = pj,\/j), YlasX4i = LIpiXije
ji ji

The rate of aggregate productivity growth Ey can be derived by
substituting the equilibrium conditions (14) into the total logarith-

mic derivative of G taken with respect to time:

v .
(19) Ey = quYj dlnY _ plL dinL _  p/K dinK
J Yy dt y dt % dt
Jaj¥; Ja3¥ Ja3¥ 3
J J 3

The rate of aggregate productivity growth for a model stated in terms
of deliveries to final demand can be expressed as the weighted average
of the rates of growth of sectoral deliveries to final demand less a
weighted average of rates of growth of labor and capital inputs.
Distinctly different characterizations of macroeconomic objec-
tives and microeconomic activity are modeled by the value-added and
delivery-to-final demand production-possibilities frontiers F and G
defined, respectively, in (4) and (13). The frontier F is concerned
with maximizing aggregate net output, is defined in termé of sectoral
value added, and is based on value-added functions for each sector.
The macro economy is viewed as if it were a set of horizontally inde-
pendent sectors. Intersectoral transactions are ignored. Value-added

separability, with all its implications for sectoral and aggregate
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productivity growth, is a maintained assumption. In contrast, the
frontier ¢ is concerned with maximizing deliveries to economy-wide
final demand, is stated in terms of sectoral deliveries to final
demand, and is based on gross output production functions for each
producing sector. The macro economy is modeled as a collection of
vertically interdependent sectors. An active market in intersectoral
transactions is recognized explicitly.
In spite of these fundamental differences, the following proposi-
tion holds:
Proposition 2: For an economy both closed to trade in
foreign-produced inputs and with marginal cost pricing
on intersectoral transfers, value-added and delivery-to-

final-demand models of macroeconomic production lead to
identical measures of aggregate productivity growth.

Verifying this proposition is a straightforward exercise.
Consider first the value-added separable production function (3) and
the functional expression for gross output implieit in (16):

(20) z4 = 7 (Y4, X310 X425 000,X5n) (3 = 1, 2,c00,n)0
Totally differentiating (3) and (20) with respect to time and applying
equilibrium conditions derived above leads to expressions that,

respectively, can be written in the forms:

(21) dinVy _ 9423 d4lnZy _ 2 piXig§ dinXjj (3 =1, 2,.00,n)
at v at Y at
a3V 43V3
X b4
(22) dinzZy = E Q5X5i dinX4i , qajYj dinYj (3= 1, 2,000sn)"
at t 9325 ac q3z§ at

Substituting (22) into (21) and substituting the resulting expression

for the growth of sectoral value added into equation (10) yields
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(23) By = I aj¥y dn¥y _  pilL dinL _ pgK  dinK
o at v dt v at
Ya3V 4 Yasvy Ya3v 4

Multiplying this expression by the ratio of the value of aggre~
gate value added to the value of aggregate deliveries to final demand

produces an expression identical to the definition of Ey in (19):

A4
(24) Jajv3 y
J Ey = ) a4Y5 dinYy _ pplL dinL _ pKK dlnK
y iy dt y dt % at
Jaj¥y Jas¥s Ja3¥; Yaj¥y
J J 1 J
so that
y
Jajvs
(25) By = Ey .
v
Yasvy

Finally, the ratio premultiplying Ey in (25) equals unity. As
defihed in (8), the value of sectoral value added equals the value of
sectoral output less that sector's purchases of intermediate input.
Substituting the value sum of deliveries to intermediate and final

demands, equation (16), for the value of total output in (8) yields:

v X y
(26) q3vj = JajX3ji + qj¥5 - IpiXij (3 =1, 2,000,n).
i i

Summing (26) over all sectors produces the expected result:
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v Y
(27) Jajvy = Jaj¥y
J J

since
b

1l as%3i = 1) piXi§ .

i ji

Proposition 2 follows directly from (25) and (27): Egy = Ey.
The different initial descriptions of macroeconomic objectives and
microeconomic production offered by value-added and delivery-to-final-
demand models are of no consequence to productivity accounting in a

closed economy with marginal cost transfer prices. The models produce

identical measures of aggregate productivity growth.

The open economy with tax distorted transfer prices. The development

of this model differs from its untaxed closed economy counterpart in
two important ways. First, imported inputs enter both the aggregate
production-possibilities frontier and the sectoral production func-

tions. Second, taxes and/or subsidies on intersectoral transactions
enter the analysis through market equilibrium conditions.

The model, though focusing on imported inputs and taxes on inter-
sectoral transfers, places no restrictions on wider aspects of the
economy's international trade or tax structure. Imported final pro-
ducts and exports may exist but need not be considered. Imports that
are delivered directly to domestic final demand are not included in
the model since they bear no influence on domestic productivity
measurement. Since exports are goods and services produced domesti-
cally and no longer consumed internally, exports simply are part of

deliveries to final demand. Similarly, final demand deliveries may
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be subject to transaction taxes yet, since productivity is modeled in

terms of prices faced by producers, prices paid by consumers of pro-
ducts delivered té final demand never enter the model. In contrast,
prices paid by consumers of intermediate inputs do enter the model.
Those taxes or subsidies differentiating consumer and producer prices
for goods delivered to intermediate demand must be considered
explicitly@7

One assumption, however, is introduced. All taxes collected on
intermediate demand deliveries are assumed to be disbursed as sub-

sidies to other intersectoral transactions:
X
(28) Jlpixiy = IlasXii,
ij ji

where Fﬁ”% q§ for all i. This simplifies the comparison between
delivery-to-final-demand and value~added models without compromising
the importance of accounting for intersectoral transfer prices.

Given this setting, the economy's production problem is to maxi-

mize aggregate deliveries to final demand (u)

(29) u= H(Yl' Yzl."” Yn' L' K' Ml, M2'.l.l Mu' t)’
where Mp is the quantity of the mth imported input, subject to fixed

supplies of domestic labor and capital inputs, market equilibrium con-

ditions, and linearly homogeneous sectoral production functions:

(30) Zj = hj (Lj' Kj' le, x2j,..., an, Mij, sz'o.o, Muj' t)
(j=l' 2,..., n).

Like the production function gj defined in (12), hJ describes an

unconstrained model of sectoral production.

Setting the aggregate value of u equal to unity, the constant
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returns to scale function H can be expressed as a production=

possibilities frontier:

(31) 1 =H (Y1, Y2seces Ypo L, K, M1, M2,000, My, t)o

Homogeneity and market equilibrium conditions together implys

y
31nH =q4Y5 (3 = 1y 2,c0., 1)
b4
Blan quYj
J
(32)91inH p L 9lnH  _ pK d1lnH Pur™m  (m o= 1, 2,c.., u)
3lnkL Y 91lnkK Yy alan v
ijYj La3¥3 YasYy
J J
Yy
(33) z 9lnH _ 2 a4y = -1
3 alan 3 y
la3¥3
]
and »
(34) 8inH + ?;nH + 3 dlnH  _ p L + PeK + 3 Pyt = 1,
dlnL  -31nK m 9lnMpy % vy m. y
S ]quYj quij quij

where Pum is the price of the mth imported input.8

The rate of aggregate productivity growth (E;) appropriate for an

open economy is derived by substituting the necessary conditions for

producer equilibrium (32) into the total time derivative of the aggre-

gate frontier H. The resulting expression is:
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(35) y
E; _ 91nH =y Qij din¥y _ p L dinL _ pgK dinK _ ZpMmMm dlnMp, i
ot i oy dt Yy dt y dt m y dt
Jas¥ s Yasy Jasv Ya3¥
3 J J J

]
Comparing the expressions for Ey and Ey defined in (19) and (35),

respectively, leads to the following propositions:

Proposition 3: The rate of aggregate productivity growth

for an economy maximizing aggregate output (deliveries to
final demand) is defined as the weighted average of rates

of growth of sectoral deliveries to final demand (with weights
equal to sectoral delivery-to-final-demand shares in aggregate
output) less the weighted average of rates of growth of primary
inputs (with weights equal to the value shares of input pay-
ments in aggregate output). Both sets of weights sum to unity.
For a closed economy primary inputs include domestic supplies
of labor and capital. For an open economy, primary inputs
include domestic labor and capital and imported materials.

This, together with Proposition 1, leads to the following result
8
regarding the relation between Ey; and Ey:

Proposition 4: For an economy open to trade in foreign-
produced inputs and having taxes and/or subsidies on de-
liveries to intermediate demand, the rate of aggregate
productivity growth derived from a value-~added model of
aggregate production differs from the corresponding rate
resulting from a delivery-to-final-demand model. The two
rates differ by an amount that depends on (1) the relative
importance of imported inputs in domestic production and (2)
changes in the sectoral distribution of domestically pro-
duced intermediate inputs.

Proving this proposition begins with both the sectoral output
function (20) defining each sector's output in terms of its delivery
to final and intermediate demand components and the value-added
separable production function for any sector in an open economy:
(36) z5 = fj[vj(Lj, K, t)s X193, X29s000s Xnjr M1je M2jseee, Muj]

(j=l’ 2,...,1’1)-

The time derivative of (20) is presented in equation (22); the growth

rate of value added can be derived from the logarithmic time deriva-




=1

tive of (36):

(37) dinVy _ q423 dlnZjy _ Z?ixij dinXj4  _ XpMmMmj d1nMp
dat v dt iwv dt m v dt
a3V 43V 43V

(4 =1, 2,000,n)0
Substituting (22) into (37) and substituting the resulting expression
for the growth of sectoral value added into egquation (10), the

expression for Ey, yields:

y
(38)EV - § 95¥3 dinYj _ pL dinL _ piK dlnK
i v dt v dt v dt
Ja3v 5 Jajvy Jasvy
] 3
T'iX34  dlnXjys M . dlnM_,
- 3y 73 93 - )Y Pumomj m3
i v dt jm v dt
1a3v; Ja3v3
3 J

- X

where Tj = (pi - Qi)f 0 is the tax imposed on the transfer price of the
ith commodity delivered to intermediate demand. Multiplying (38) by
the ratio Zq?%j/2q¥§j and substituting the definition of E§ in (35)

into the resulting expression produces the following relation:

Y
lasyy
(39) Ey = J Ey _ zzrixij dlnXij .
v ji v dt
Yajvy Jajvy
J J

The importance of taxes on intersectoral transactions is explicit
in equation (39). The role of trade in foreign-produced inputs is
‘implicit in the ratio 2q§Yj/2q§§j. While that ratio equals unity for
a closed economy, it is greater than unity for an open economy.

Substituting (16) for the value of total output, quj’ into the
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accounting identity

(40) QJVJ = qjZ§ = zplxlj = XPMmMmj
m

and summing over all n sectors yields:
v Yy
(41) ijVj = quYj = E;pMmMmj,
J J Jm

The value of aggregate deliveries to final demand exceeds the value of
aggregate value added by an amount equal to the value of imported
inputs. Substituting (41) into (39) makes explicit the importance of

imported inputs and Proposition 4 follows directly:

(42) )ip,, M
Ey = By + jm Mm mj XZ TiX34 dlnXj 4 .
y Y dt
la i¥5 szMmMm j Xq Y3 E:2\*'pl‘/ImM“'l:l
J Jm jm

The two rates of productivity growth Ey and E; differ by an amount
that depends on (1) the relative importance of imported inputs in

domestic production and (2) changes in the sectoral distribution of

domestically produced intermediate inputs.
If either taxes and subsidies equal zero (Tj = O,V’i) or the

distribution of intermediate inputs is unchanging (dlnXij/dt =

dinX4/dt, Vi), equation (39) reduces to
' ZipMm 3 .
Yy
quYj - ZszmMmj
J Jm

]
It necessarily follows that Ey > Ey.
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Conversely, if the economy is closed to trade in foreign-produced

inputs (Mp = 0, V), equation (39) reduces to

) T3Xi4 dinXj 5
(44) Ey = Ey = )} .
iy dt
laj¥ s
]

]
The relation between Esy and Ey is no longer unambiguous but depends on

the changing composition of intermediate inputs. For any period
during which the distribution of intermediate inputs shifts to rela-
tively higher taxed products, E§ > Ey. Conversely, Ey » E; during any
period when the composition of intermediate inputs shifts to more

heavily subsidized transactions.

The important summary conclusion is that value-added and
delivery-to-final-demand models of aggregate production produce iden-
tical measures of aggregate productivity growth if and only if the
economy is closed to trade in foreign-produced inputs and has either
no taxes on deliveries to intermediate demand or an unchanging distri-
bution of intermediate inputs. In the absence of these limiting con-

Cas )
ditions, Ey # Ey.

3. Sources of Growth

Thevvalue—added and delivery-to-final-demand models of aggregate
production are constrained by different models of microeconomic pro-
duction and intersectoral transfers. One objective of this section is
to make these differences explicit by decomposing the alternative
measures of aggregate productivity growth, E;; and E§, into their

microeconomic source components.




=2 0=

Sectoral productivity growth., The economy's value-added maximization

problem described in (1) is constrained by the value-added subfunc-
tions VI defined in (2). The rate of sectoral productivity growth ey
is derived by substituting conditions for producer equilibrium into

the logarithmic time derivative of ijg

. 3 ‘
| 91lnV dinV 4 py L. dinLs P, K. )
(45) ey = = b _ LIt I _ FK3j dinKj
ot dt v dt v at
a3V3 a;3vy

(j=li 2,0.05 n).
Given value-added separability, neither foreign-produced inputs nor

domestically=-produced intermediate inputs enter the sectoral functions

Vj or the resulting expression for sectoral productivity growth.
Microeconomic production in the delivery-to-final-demand model,
in contrast, is characterized by the sectoral production functions h7

defined in (30). The rate of sectoral productivity growth é% is

solved by imposing equilibrium conditions on the logarithmic time

derivative of hj:lo
(46) 5 _ 9inhd  dinzs L, dinLs K.,  dinKs
eg = = J = p]'_,] ] J e pKJl J
ot dt a524 at ajz3j dt
-y PiXij dinXjj _ y py Mo dinMgg (3 =1, 2,.00,m).
i SEYE dt m q5Z5 dt

The variables ea and eg provide different descriptions of sec-

toral productivity growth, leading to the following proposition:

Proposition 5: For an economy open to trade in foreign-
produced inputs and subject to taxes on deliveries to in-
termediate demand, the rate of sectoral productivity growth
derived from a sectoral value added production function is
greater than the corresponding rate resulting from a sectoral
gross output production function. The two rates differ by an
amount that is proportional to the share of the sector's pur-
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chases of domestic intermediate and foreign-produced inputs in
the value of sectoral gross output.

Formally demonstrating this proposition begins with substituting
equation (37), the logarithmic time derivative of wvalue added, into

equation (45):

(47)e§ - 9523 dinZy _ zPiXij dlnXjij _ szmMmj d1nMp3
v dt iv dt m v dt
a3V5 ajvj a3Vj
- pLjL dlnLj _ ijKj danj (4 =1, 2,00.,m).
v dt v dt
a3V a3Vj

Substituting (46) into (47) and rearranging terms yields:

3 iniXij + gpMmMmj
(48) ey

i
st
i

ey (3 =1, 2,.c., n);

9323

It necessarily follows that eg > eg. The two rates differ by an
amount that is proportional to the share of sectoral purchases of
domestically-produced and foreign-produced inputs in the value of sec-
toral gross output.11

Note that the relationship betweenveg and4e¢ is unaffected by the
presence or absence of taxes on intersectoral transfers. Though the
tax created differentials between consumer and producer prices of
goods delivered to intermediate demand may influence aggregate produc=-
tivity growth, those differentials do not influence the measures of
sectoral productivity growth. Both measures.eg and‘eg are sector spe-

cific and depend on equilibrium conditions unique to the jth sector.
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Only prices paid by the jth sector for intermediate inputs matter.
Prices received by producers of intermediate inputs delivered to the

3

jth sector do not enter the formulas defining ey or é%.

Sources of productivity growth. The formal decomposition of Ey into

its source components is simple and direct.

Proposition 6: The rate of aggregate productivity
growth Ey for a value-~added model of aggregate pro-
duction eqguals the sum of two components: (1) a
weighted ,average of the sectoral rates of productivity
growth eJ, with weights equal to sectoral value shares
of value added in total value added; and (2) realloca-
tion terms reflecting the aggregate productivity gains
resulting from the economy's recomposition of labor and
capital inputs among sectors.

This result is derived by substituting the expression for eg, equation
(45), into equation (10), the expression for Ey:

A\

(49) vy 3 , . . |
B, = J 93V3 oy + § (P3P )Ly dinLjy v (pgy-pi)Ky  dinKy
jo_ v J v dt 3 v at
Jayv Ja3v; Jasvs
J j 8

The labor and capital reallocation terms identify the productivity
consequences resulting from any sectoral recomposition of the

economy's primary inputs. Each term has a straightforward inter-

pretation. Consider the one corresponding to capital. The variable

p recall, refers to the average price of capital input in the aggre-

KI

ate economy; .
gate nomy pKJ
sector. Aggregate productivity growth is affected by the reallocation

represents the return to capital input in the jth

of capital among sectors with varying rates of return. I1If, for
example, capital input moves from a sector with a relatively low rate

of return (ij ¢ Pg) to a sector with a high rate of return (pK.
i

> Pgy,
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the quantity of capital input for the economy as a whole is unchanged,
but the level of output is increased--that is, aggregate productivity
is enhanced. 1In this example, the capital reallocation component
would have a positive value. Similarly, sectoral shifts in labor
regsources are monitored by the labor reallocation term. If labor
input moves from a sector where it has relatively low marginal produc-
tivity to a sector where it has relatively high marginal productivity,
economy-wide labor input is unchanged but aggregate productivity is
improved.

The important but not surprising observation that follows from
(49) is that neither international nor intersectoral transactions,
whether stated in nominal or real terms, enters the source decom-
position of Ey. Imported inputs enter neither the aggregate nor sec-.
toral production accounts. Since sectors are viewed as horizontally
independent producers, sectoral reallocations of deliveries to inter-
mediate demand and their transfer prices are ignored.

The delivery-to-final-demand model of‘aggregate production and
its microeconomic production constraints, in contrast, view the econ-

omy as consisting of sectors depending not only on each other but on

international trade as well. Given this vertical model of economic
activity, advances in productivity in an individual industry contri-
bute to aggregate economic growth both directly through deliveries to
final demand and indirectly through increased deliveries to sectors
dependent on its output as intermediate input. The source decon-
‘position of E§ must capture not only both direct and indiréct

transmissions of sectoral productivity growth but also changes in the
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efficiency of markets linking buyers and sellers of intermediate
inputs.

Proposition 7: The rate of aggregate productivity growth
E, for a delivery-to-final-demand model of aggregate pro-
duction eguals the sum of three components:

(1) a weighted sum of the sectoral rates of productivity
growth e with weights equal to sectoral ratios of the
value of gross output to the value of total deliveries to
final demand: (2) reallocation terms for labor and capital
inputs; and (3) a term measuring the net productivity ef-
fect of changes in allocative efficiency across all inter-
mediate demand markets.

Demonstrating this proposition begins with eguation (22), the
logarithmic time derivative expressing the growth in sectoral output
as the sum of its final and intermediate demand components. Sub-
stituting (22) into (46) permits the measure of sectoral productivity
growth to be expressed in terms identifying the immediate uses of the

sector's output:

(50)j X v
e, = gqjxji dlani + quj dlan _ pL] 3 dlnLj
quj dt g4%235 dt a424 dt
_ ijKj dlnK _ gpixij din¥Xj § -XpMmMmj d1nMp
4% at ajzj at Tayzy at

(j=1' 2,-..,!’1).

Y
Multiplying (50) by the ratio quj/ZqﬁYj, summing over all n sectors,
and substituting the resulting expression into (35) identifies the

unique source components contributing to aggregate productivity growths:
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(51)
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The first term in (51) reflects the sum contribution of productivity
growth across individual producing sectors. This term is formed as a
weighted sum, not weighted average. The sum of the weights in (51)
exceeds unity by an amount equal to the ratio of the aggregate value
of deliveries to intermediate demand to the aggregate value of deliwv-

eries to final demand:

b4 X X
(s2) 29324 - Najvyrlagxss) o g o0 Jagkss
J v J v 3 l'y—
1a3Y 5 Jas¥y Ya3¥
J J J

The weights sum to a value larger than unity because each sector
contributes to the rate of productivity growth for the aggregate econ-
omy through its deliveries to both final and intermediate demands.12
The remaining three terms in (51) measure the aggregate pro-
ductivity consequenées of the changing composition of economic acti-
vity. The labor and capital reallocation terms in (51) have exactly
the same interpretation as their respective counterparts in eguation
(49), the source decompositionrof Ey. Shifts in either primary input

to higher (lower) marginal productivity uses enhances (diminishes)
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aggregate productivity performance. The final term in (51) likewise
depends on input shifts but has a uniquely different interpretation.
Whereas the labor and capital reallocation effects focus on primary
input price differences among sectors, the market term concentrates on
the differentials between consumer and producer prices for each good
delivered to intermediate demand markets.

The productivity effect represented in the market term depends on
the tax-induced differentials (pimq§5 and the growth rates of products
delivered to intermediate demand (dlnxij/dt)e Market equilibrium con-
ditions in a competitive economy reguire that p; equal the marginal
value product (MVP;) of the ith intermediate input to consuming sec-
tors while qf equals the marginal cost (MCj) incurred by the sector
producing that input. If there is a tax on the ith product (pi > qi),
then MVPj > MC; and aggregate productivity growth will increase
(decrease) if deliveries of Xj to intermediate demand are increased
(decreased). Subsidized transactions have exactly the opposite effect
since Ti < 0 necessarily implies MVPj; < MCj. Finally, should there be
neither taxes nor subsidies on the economy's internal transactions,
then MVP; = MCj for all i and the market terms equal zero. In this
case, proper transfer prices guide transactions among vertically
related sectors. When transfer prices reflect marginal costs, changes
in the composition of deliveries to intermediate demand have no inde-
pendent effect on aggregate productivity growth.

The decomposition presented in equation (51) makes clear that the
measure E§ is sensitive to the economy's internal transfers among

interdependent sectors and to its external relations with other econo-




=T

mies., The role of imported inputs is captured in the sectoral produc-
tivity measures eg@ The transmission of each sector's productivity
growth throughout the economy is reflected in the sectoral produc-
tivity weights (quj/Zq?.;Yj)e The market term models the efficiency of
intermediate demand markets. The assumption of value-added separabil-
‘ity assures that none of these effects appears in the source decom-
position of Ey presented in equation (49). 1In short, only the

b, e, 2 . .
aggregate performance measure Ey is sensitive to international trade,

deliveries to intermediate demand, and intersectoral transfer prices.

4, Conclusion

A measure of aggregate productivity growth is useful only as a
comparative measure of economic performance over time Or across
countries. The source decompositions derived above demonstrate that
the delivery-to-final-demand model is sensitive to intertemporal and
international variations in both imported input requirements and the
allocative efficiency of domestic markets. The value—-added model is
not. As egquation (42) makes clear, Ey can be made egual to E; only
after adjustments for the extent of the economy's trade in foreign-
produced inputs, the structure of taxes on intersectoral transfers,
and the changing distribution of deliveries to intermediate demand.

This result has important practical consequences for both inter-
temporal and international comparisons of productivity growth.
Transactions in intermediate inputs can be suppressed if and only if
the composition of intermediate input purchases is unchanging or

transfer prices equal marginal costs. Neither condition is true.
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Between 1967 and 1972, for example, the U.S. motor vehicle and equip-
ment sector increased its deliveries to intermediate demand by 40 per-
cent. During this same period, the construction and mining machinery
sector decreased its intermediate demand deliveries by 19 percentu.]‘3
The pattern in each country depends on each economy's cyclical
behavior.

The allocative efficiency implications of these redistributions
depend on the structure of intersectoral transfer prices. ExXcise
taxes are just one example of how transfer prices may fail to reflect
marginal costs. More importantly, the structure of these taxes dif-
fers significantly across countries. Between 1973 and 1979, for
example, excise taxes increased by 13 percent in the United States
while incresing by 50 percent in both Canada and the Netherlands.14

The important conclusion is that domestic transactions in inter-
mediate inputs do affect aggregate productivity growth and cannot be
judged a priori to be unimportant. After all, intermediate inputs
account for nearly 65 percent of production costs in U.S.
manufacturing.15 Deliveries to intermediate demand account for

approximately 45 percent of total output in the U.S. private domestic

16 . N . . .
economy . Accounting for intertemporal and international differences

in both the structure of transfer prices and the changing distribution
of intermediate inputs cannot be ignored.

The analysis of imported inputs leads to a similar conclusion.
The current price ratio of imported inputs to deliveries to final
demand in 1977 was 8.1 percent in the United States but was 18.1 and

22.2 percents in France and Italy, respectively, and as high as 31.1
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percent in the Netherlands@17

Moreover, these ratios change at dif-
fering rates over time. The U.85. ratio doubled between 1969 and 1977,
During the same period, the ratios for Italy and France increased by
50 percent and 33 percent, respectively, while the ratio increased by
only 5 percent in the Net‘herlan&sel8 The important conclusion is that
these trade ratios not only change over time but also vary con-
siderably across countries.

I
It necessarily follows from equation (42) that the rates Ey and Ey

maintain no constant relation either across countries or over time.

In short, conclusions regarding relative rates of productivity growth
over time and/or across nations can be biased by a value-added model.
The delivery=-to-final-demand model forms the appropriate basis for

measuring aggregate productivity growth. It treats all inputs sym-

metrically. It monitors changes in the allocative efficiency of
intermediate demand markets. It views the economy as a set of ver-
tically interdependent sectors. It models how an individual sector

transmits the benefits of its productivity growth to final consumers

both directly through deliveries to final demand and indirectly
through deliveries to intermediate demand. Unless affirmed by econo-
mic evidence, value-added separability is an inappropriate as well as
unnecessary assumption.

The flexibility of the delivery-to=final-demand model provides an

opportunity to generalize productivity modeling significantly. It

offers a framework for evaluating the productivity consequences of

imperfect competition in domestic markets. It provides a formal

structure for analyzing regional productivity growth among trading
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nations. The effects of tariffs and quotas on international transfer
prices can be modeled explicitly. Proper measurement is the first

step toward identifying the true sources of aggregate productivity

growth.
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Notes

Kendrick (1973), p. 16.

This proposition will be demonstrated formally in section 1.

Important differences in the demographic and occuptional composi-
tion of labor input and the asset mix of capital input are
suppressed to reduce notation. Distinct categories of labor and
capital inputs can be introduced without changing any of the pro-
positions derived in this paper.

These conditions are required by the linearly homogeneous sectoral
value~added functions which constrain the macroeconomic maximiza-
tion problem.

Intermediate input prices p. do not have j subscripts. It is
assumed that there is no price discrimination across sectors in
the markets for intermediate inputs. BAll sectors purchasing the
ith intermediate input (X34, Vj) pay the identical f.o.b. price
Py

Note that there is no requirement that the price of the jth
sector's deliveries to final demand equal the price of that
sector's deliveries to intermediate demand.

These arguments suggest only that imported final products and
taxes on final deliveries do not enter the formula for produc-
tivity measurement. They do not argue that these variables have
no effect on aggregate productivity growth. Clearly, they do
by influencing the economy's primary input requirements and its
level of final production.

The fact that the input shares in aggregate output sum to unity
can be verified from the sectoral accounting identity:

X y
X34 + g4¥y = L, + K, + )p.Xj4 + M .
B9 Ay = By + gkt IRiXag + QoM

Summing the identity over all n sectors produces the result
required by (34). Note also that import prices Py do not have j
subscripts. It is assumed that all domestic sectOrs pay the same
f.o.b. price for identical imported materials.

Competitive equilibrium conditions at the sectoral level require
that output elasticities with respect to inputs equal the
corresponding value shares of input payments in sectoral output.
Linear homogeneity requires that both the output elasticities and
the value shares each sum to unity.
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10. See note 9,

11. Note that even if the jth sector imports no foreign-produced
inputs (Mmj = 0, V), the measure 99 still will be greater than
eJ.

12. Golliop (1979), pp. 330-31, presents an heuristic interpretation
of this weidghting structure:

Consider an individual sector that experiences an
advance in its rate of technical change. Holding con-
stant all primary and intermediate inputs, the sector
can provide the economy with increased output. The
objective of creating the appropriate weight for this:
sector's technological advance is to correctly assign
causal responsibility to this sector for any effect on
aggregate productivity growth. Since the ultimate macro-
economic concern is the effect of this technical change
on aggregate output, the appropriate denominator in the
weight is the sum of all n sector contributions to ag-
gregate output. Since the individual sector transmits
the benefits of its productivity growth to final consumers
both directly through deliveries to final demand and in-
directly throudgh deliveries to intermediate demand, the
appropriate numerator in the weight is the sector's
total output, i.e., the sum of its deliveries to final
and intermediate demand.

13. These percentages were calculated from the current price 1967
and 1972 input=-output transaction matrices reported respectively
in Bureau of Economic Analysis (1974) and Ritz, Roberts, and
Young (1979).

14, United Nations Department of International Economic and Social
Affairs (1977-80).

15, This percentage is based on 1972 input-output transactions data
reported in Ritz, Roberts, and Young (1979).

16. Ibid.
17. Golliop (1981), pp. 33-34.

18, 1Ibid.
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