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ABSTWCT

A typical (roughly) two-digit industry in the United States appears to have constant or slightly decreasing

returns to scale. Three puzzles emerge, h F e at higher levels of

aggregation. Second, estimates of decreasing returns in many industries contradict evidence of only small

economic profits. Third, estimates using value added differ substantially from those using gross output,

a l r These puzzles inconsistent with a representative firm paradigm, but are

consistent with simple stories of aggregation over heterogeneous units. We discuss implications of this

heterogeneity for recent models of impetiect competition in macroeconomics.
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Why is productivity procyclical? That is, why do measures of labor productivity and total factor

productivity rise in booms? The answer to this question sheds light on the relative merits of different

models of business cycles. One recent class of explanations emphasizes the potential role of imperfect

competition and increasing returns to scale. Measured total factor productivity then reflects not just

technology shocks, but also variations in input use. Robert Hall (1988, 1990), especially, has argued that

relaxing the traditional assumptions of perfect competition and constant returns helps explain procyclical

productivity.

In addition, recent papers show that increasing returns and imperfect competition can modi~ and

magnify the effects of various shocks in an otherwise standard dynamic general equilibrium model. In

response to government demand shocks, for example, models with countercyclical markups can explain

a r real wages while models with increasing returns can explain a rise in measured productivity.

Perhaps most strikingly, if increasing returns are large enough, they can lead to multiple equilibria, in

which sunspots or purely nominal shocks drive business cycles.z
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V A a M Production

Why do macroeconomists often use value-added data? A compelling reason is that

macroeconomists are ~~pically interested in understanding value-added aggregates, especially GDP.

Summed across firms or industries, real value added has the desirable property of equalling total national

expenditure. Thus, aggregate value added is clearly appropriate for focusing on the uses of output. But

as we now discuss, value added is not generally appropriate for studying productivity growth, attempting

to understand the s o c s g a v p m
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Thus. they are conceptually the natural parameters for, say, calibrating multi-sector models with imperfect

competition. On the other hand, as we now demonstrate, value-added data generally yield biased estimates
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& = Y(~-cM)&v + +

T u d [ d f c c that

yc~ = ys~, we f

‘ v = [ y‘7)
T e g m T o v e e

u v a o m T v i c t p

c ot p e m c e s b m

o i z t e S p ~ c m ( w

p s o md c b

p o i ( J i p p

S m t z e s p e

e y (M f a a t p e

i t q S p f t f s f

Y = G Q .

F l u d e w g p v a



‘7

t c g p i d t s (

g n e p v a r t

= v +

e e w r c l c g

s a m t p f s a

t r s a p o c l r G

h d H, H h d

o e w r i w - H

r eb y

{)1Y’ = Y
1-y CM“

Thus, p corresponds to y“, the parameter ofien of interest to macroeconomists. For example, if

G L t a r em e r s e

a p f G m ar a h o

d t u v d p u e c w

a a m ar e a g o c

i f e (

H L “

To p c our results, we briefly discuss how large deviations from constant returns

and perfect competition n g r f d

7 R W ( B (1995a) explores some of the implications of dropping the
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substitution. Bruno (1984) reviews a number of studies and concludes that the elasticity is between 0.3
and 0.4. Rotemberg and Woodford (1993, Appendix III) conclude that a reasonable value for this
elasticity is 0.7.
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t f w m h w e H

i w b c b c < x + + w

N t m l H l a w

u t e f a p f c i c
l m a a s S s b

h a i d S ( a t e
e f s l r a e T ( c
t a sT a d c h s s s e
m d w s p a c e e c r
p
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S c Y ( h s c p p

w c a w i is not reflected in a change in the marginal

compensation for labor. Then we can see that equation (24) is not satisfied, and this e a

u e T a t e p l p p l

c oh e s d o e m

e t c a a r c

f a d d a d economics at work.

p e

R !

s t i r h h e a w o

w h f a l w e l s a

n h w w r w e T w

m t l s d w k t i w k

h p d w

S p i ( a u f

c b

V = a E = a + ( ●

c m e t

d < d
dlnz dw = M

E ( s t t c t e h m e

u j s c o e ~ e a a

s c v b c

i m

T e s t c g l a c o m

a d p s h N s f e



s h g i

F n t s s s u l d r

s e f a d } c c c e

t p c c p b a l p a l

c o( a t f s A o m c

w a y ( 1 m e would be unable to replicate this behavior.

Second. this example shows that the aggregate parameter also can fail to capture the relevant

e m e although it always does so in the s e r

t m e p a p a r

p “ m p l u c t

a p “ m p l H l r

e d t c l s T l s i

r ei b m a m f p

l t H d would occur, since there is no

completely-accepted theory of imperfect competition that explains how the same input can have different

marginal products in different uses.

VI. Conclusions

both empirical and theoretical grounds, heterogeneity p a i

m aA e r s w across r d

i a i a p c d r T

l a w d r c e e s e p

T i r a c s a r l m

p b e w s l i r A r f

m r m m c e e t f A p e

p p ru c f u c e t f s

v u e a i i r r a d r

e t f n i a b f



particular. aggregating across imperfect ly”-competitiveproducers can explain the puzzles we identif}. since

similar factors employed in different industries can then have different marginal products. e

d ~i a h l r s a i output of

durable-goods industries is also more procyclical than the average. Thus, the additional factors employed

a b h m p t h the average products of factors in use, leading

aggregate productivity to be procyclical.

If long-run returns to scale cannot be lower than one. this story r

i h i r H a e a m d i

r e cm m as evidence for large increasing returns at a

representative fire. On the other hand, reallocation effects can p o d

m p rc os i e p a i

d r H a i e d in resultsat differentievcisof

a gd t d o d s p

c e r e f avaiiabie data. T

r s t a e i d s a t

p w a pc r s a c r a m d

i r T r c t p s B H

C (

M m ai d p p w e H

r p w a returns to scaie over ail firms e

C r es a b e r scale; c o v

t s i m m i t

p a s m w m h f producing c r

s T e d m P e a r r i i

r p t p a s f F c p d

r s t e cw e u a w c

As e S V s t t i c f
m



r e

T m e d a

d n of

e m e h and w

e T i r h

m am n c m d g m

i c h c a i f p U

t f t w s b d a c r l

n a r m p w i r a r

f p a c r e economic fluctuations. Ascertaining which paradigm provides better

macroeconomic insights is an important task for future research.
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Tablel
Aggregate Estimates

PARAMETER

Gross O
Y

Implied Value-
Added y’”

Direct Value-
Added

Estimate

Gross Output
Y

Implied Value-
Added y’”

D Value-
Added

Estimate

Private Manufact Manufact.
Econom}s uring Durables

Manufact.
Non-

durable

Two-Stage Least Squares

1 1
( (

] ]
( (

1 1.10
(0.38) (0.33)

(

(0.21)

(

(

(

(

Ordina~~ Least Squares

1 ] I( (0.04) (0.03)

1 1.41 1.40
( ( (

1 ]

( ( (

(

(

(

S P 1 b p f p s e e
w are converted in s u e ( t row e e
I p o government defense spending, and the political part>’of the president. with
one lag of each.



PAWMETER

Gross Output

Y

Implied Value-
Added y“

Direct Value-
Added

Estimate

Table 2
Weighted Average of Sectoral Estimates

P
E

Manufact
uring

Manufact.
Durables

M

d

0.97

0.94
(0.22)

T L S

0.92
(

1
(

0.87
(0.15)

0.73
(0.1

(

(

I Ordinary Least Squares

G Output I 0.83
I

0.93 I 1.07
I

0.77
Y (0.04) (0.03) (0.02) (0.05)

Implied Value-
Added y“

0
(0.07)

1 1.28
(0.05) (0.06)

0.66
(0.06)

D V
Added

Estimate

0.54
(0.09)

0.66
(0.08) (0.07) (

S P 1 b p first row presents gross-output-weighted averages s
equation industry estimates of equation (2). The second row converts each industry estimate u
e ( t a w v w t p v e
e ( I p o g d spending, p p
p w e



Table3
A Estimates

Corrected for Reallocations

Private Manufact Manufact. Manufact.
Econom~7 uring Durables

durable

Gross Output 1 1 0.96
Y (0.05) (0.04) (0.03) (0.08)

Implied Value- ].o~ 1.26 1.33 0.87
Added y“ ( (0.16) (0.11) (

Direct Value- 1.03 1.19 1.36 0.81
Added (O.18) (0.18) (0.15) (0.27)

Estimate

Sample Period is 1959-89. Estimated aggregation terms are subtracted from gross output grolvth and ~’alue
added growth before regressions orI input gro~vth. For further descr~ption. see text.
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Appendix I
Detailed Derivations of Equations in Section I

T a d e S 1 p detail. We begin with the

following production function for a firm:

Y = .

Y is gross output. K and L are primary inputs of capital and labor, while M is intermediate inputs of

e m T is i s t a p f

h d

D i

y c l i g

p f (Al), we can e g o

(A2)

L l r l t u c so q v

d ig r r d F r a

c on u e o r t E

s t o g d t s a w i g w

w depend on the output elasticities.

The o e e d r s

,=[~)+(y)+[y). (A3)

S t f h s d m p g m p t

?
f m T e f c m i



w a L m with the interpretation

the Jth input as perceived by the fim~. (As discussed

observable as the input

Hence. we can rewrite

K,L,M,

of marginal cost, and PJ is the shadow value of

below, this shadow value ma}’ or may not be

price.) definition. the markup p of the o p marginal cost is

the above equation as:

[- Y ‘[:1[$1=[$$)
p Py

:

I
J = K, L, M.

= p PY = ‘s”.

(A5)

T the e of output with respect to an} factor J equals a markup p multiplied b~’the share of

t i in total revenue, s). N that the price of capital, PK, must be defined as the rental cost of

capital. It does not include possible profits, which general l}’are also payments to capital. With perfect

competition, where p = equation ( j s e o r

e i s r U i c e o

r s

U f l e ( r e

to an} input

exceeds the

(11 xJp~ . AC
Me Y

(A6)

Thus. cost minimization implies that returns to s y e ratio of average to marginal cost.

Increasing returns can take different forms. e.g..

costs ~“ith flat or upward sloping marginal cost.

write an identity linking returns to scale and the

f costs but diminishing marginal cost: or fixed

Under cost minimization, we can use equation (A6) to

markup:



* ‘ =
(A7)

3

w Sx s p t revenue. Equation (A7) then implies that the output elasticities,

which equal psj. also equal ye,, where CJis the share of payments to input J t c H

write the t d o

@ = Y“lcLdl + + - C ] +L (A8)
= y ●& * dt .

a cost-weighted g r v i w f t

s r t r s s H ( s markup pricing the measured Solow

residual is procyclical. even with constant returns and no change t n

a d r p m d s p f

m i

S t f f v t q f

o m p L c s r

c f H J ( ( a c s

however. capital is quasi-fixed ( s m p c e

s tr r r c s r the user cost c

H af s m p i g w u

p s v c m s r i e

c g

T p s e r s h r F

a quasi-fixity affects only the period-by-period computation of the input shares. not g

r c o q i S t s c a f T



A4

a pe c f t m s l

S m ir r c strongesteffecton capital’sshare.

s

But since

g r c a u b c e in measuring capital’s share

u c s b a s c p C L ( 1

p s i t m b q l o 3V0

e c o

c d a c p

“ va c d

i c l S

‘v=[.:~.Ll&+[c:~cLld
also rewrite (A8) as:

@ = Y●[(l-cM)*v‘ cM~~]+df o

m t rw p u b s y

w p e

(A9)

(A1O)

from both s r

(All)

I g o m r v a where measures of real value

added attempt to subtract from gross output the productive contribution of intermediate goods. Hence,

g o s w v a “ l l

p D u n r v a

without power” (Domar 1961,

least two reasons. First, s

s v a s n o a n simplification for macroeconomists f

even at a sectoral level, on value added and primary inputs of capital and labor. Second, b n



a d W d d s v a b k

g rd u c t

p w m o o i i D i

g r D i o v a d

* (~
- @

)
~ ( .

M

V a l a p S r s i g o g w

s i i r s equa]ityshows that m

r c t v a g g o i

S f e ) f

(A13)

S y e p t e a w

t c r s m g v a e

g r p i p t p



i e t c (1 n u c

c r p r - c a D i v a

u nw v t n c p s c p

s a c w e r s s t profits.

In the presence of markups. h e s i i i

( d a v g I } a c s

g o p c i g a e o

r i i e r s markups. thiselasticitye r

s H s c m e a v a a r

v p rr c v c i

g u r w c t T H a u

c r c S r s i g d

g t w v d c m equal 1. or i i

a u f p o p m e a

e p w

n

g o C

c i e f a g v a

t p of interest may not be d r s

f s (Al):

Y = V . (

M au m s p f a s (

D e T t p s i r i r

i r i r V H c p E

t d s i o l c o i i



a dd m c

h t e r s

S a r s m

t v e h

o e y w r M

Y = y +
(A17)

~ H“

G h d V H h d

e ( l f orderconditionstellus thatthe outputelasticit}~with respectto

m y H r t e

y = - +

r eb y t

1
= Y —

1-y CM 9

W i r v r s e

a w a o A k o

m ud j e

s e i

“econom}.-wide” returns to scale. as small increasing

increasing returns for the e o S

(A18)

gross-output returns s s y

(A19)

e a

cu c c

r p l t l

e f o p

i number

output of the pre~’ious

the percent change in

s e s a r r s y

s i i p i c l

n i o ( s



As

= - + YcMdyn.l

= - + y - + (Yc~)2dYn-2“

(A20)

s intot e d j i S i

s i a T g i w t c

w g r a p i T plausibly the appropriate concept for

calibrating d r s p f a o m m

N t c c i s d c r “

g f g o v T i s r l

s g o t s o p g satisf~~final demand

r

t

p p m g i i p o g N

t d s t t a l e c b

E w t v r s s g r i

i r t o V d i o g o

i ni N t e h a w m

g p v a w d i d f

(A21)

C t e d s v a s o

e lw r m v w

(A22)



T c i p e a e ( ( s

t e r d b g r of the standard measure of value added

and a measure w a a m p o

F s d equation( e ( f

y ‘ +

[

y ‘CM

1-CM

‘M

1

t z p t a w

= y + (yV-l) [& + ~ .
M 1

(A24)

T e S p d a e
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Appendix II
Data Sources and Methods

We use unpublished data provided b}’Dale Jorgenson and Barbara Fraumeni on i

g output and inputs of capital, labor, energ), and materials. T i m

industries and 13 non-manufacturing industries.z~ T sectoral accounts seek to provide accounts that

a extentpossible.consistentwith the economic theog of production. These dataarea~’ailable

b w w a i q q a essentiali}r involves taking

a changes over time in input composition. Computers. e a h s

d t f s t d f S e and janitors make a different

m c o i r f p a

d i

c ~ n f J d e

d c t c a d d

instantaneous shares with averages in periods t and t-1. This Tornquist approximation is exact if the

u p f t o t p a f s

a pa f

e r p c f J ( 1 (

and Caballero and Lyons (1992). and compute a series for the user cost of capital r. The required PaJ”ment

for any type of capital. PKK. is then rz~K, where z“K is the current-dollar value of the stock of this t}’pe

of capital. In each sector. we use data on the current value of the 50 types of capital. plus

24 The manufacturing industries match the ~vo-digit classification, except that transport equipment
(SIC 37) is divided into “motor vehicles” (SIC 371) and “other transport equipment. ” The non-
manufacturing industries comprise agriculture. metal mining, coal mining, oil and gas extraction.
m m c ot rc i i e ies,gasu t f
i n ss



Al I

inventories. distinguished bj the F3EAin c

t a c u c c

national product accounts.

= (p + b,)
- - ~

= 1 to 52.
-

p r r r c a d

i c p v d a ~

H

(A25)

rate,

c r

assume that the required return p equals the dividend y o u

d I ~ f D J

e t t i a p a 3

u na w d y a c

p G

f

experimented with several alternative measures of the capital cost, as discussed

( E a z p t r s e

F

l e

results. This is unsurprising, since economic profits do not appear large m

c a D i u i a g

o s s d c e n a

i p s e r s e a e

a s i d c
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Appendix 111
Are the Hall-Ramey’ Instruments Valid?

This appendix suggests that they are not. because they are correlated with aggregation effects.

H w d s i I v a l a v

h I a T a p r c S

e l a c g a R v

- t ( d S 1 a d t t c r

d t r t a t H i t

b p m s l ( T 5 i

v i nu w d t n t u

w a t c s d t i

i r o t a b M i a r

a i d t e s s e l )

c a t i l e r s

i v w i e i r s

i v c t t i e i ( t

f f t s i g b t r e

l c r t c i c t t

b w T s r u UNINSTRUMENTED estimates of industry paramers. w

T s r u I e

i c o v g of the world p

( ( g r g d s d d (

( p p p p (



c w p u r i are

not a w a e T p e as a w example.

the coefficient on the cument oil price is significantly negative at the 0.00! level; the coefficient on the

lagged change is significantly negative at the 0.01 level for value-added and the 0.05 level g

o G d s p a reallocations for manufacturing durables, but is

otherwise insignificant. as is the political party of the president. These results thus v e

importance of the theoretical point that the instruments we (and many others) use are not valid as

instruments at an aggregate level.
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T Al

Variable: Estimated Gross Output Aggregation Terms (Uninstrumented EDependent
Entries are marginal significance levels for regression on each of the instruments

Private Non - Manufact. Durables Non-Dur.
Economy Manufact. Manufact. Manufact.

oil 0.034* 0.012* 0.113 0.455 0.019*

oil(- 1) 0.015* o.o~] * 0.181 0.600 0.056

gdef 0,382 0.587 0.189 0.001 ** 0.945

g 1) 0 0 0 0 0

0 0 0 0 0

p 0 0 0 0 0

Dependent Variable: Estimated V Added Aggregation Terms (Uninstrumented Estimate)
Entries are marginal significance levels for regression i

P - M D N
E M M M

0 0 0 0 0

o 1) 0 * 0 0 0 0

g 0 0 0 0 * 0

g ) 0 0 0 0 0

0 0 0 0 0

p 0 0 0 0 0

* Significant at the 5 percent level.
** Significant at the 1 percent level



T

G O A Terms ( E _Dependent Variable: Estimated
E m s l r i

-
M

P
E

M D
M

N
M

O.000** O.000** 0 0 0

o 1) 0 0.007** 0 0 0

g 0 0 0 0 0.400

g ) 0 0.577 0.779

0.334 0.300 0 0.439 0.370

p ) 0 0 0.794 0

Dependent Variable: Estimated V A A T ( E
E m s l r i

P - M D N
E M M M

0.001** 0.014* 0.015* 0.247 0.168

oil(- 1) 0.005** 0.002** 0.250 0.777 0.005**

g 0 0 0 0 * 0

g ) 0 0 0 0 0

0 0 0 0 0

p 0 0 0 0 0

* S 5 p l
●* S 1 p l
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