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ABSTRACT 

I n  t h i s  paper we analyze t he  inves tment  d e c i s i o n  when f i n a n c i a l  s t r u c t u r e  

has r e a l  e f f e c t s .  We assume t h a t  t a x  r a t e s  f a v o r  deb t  over  e q u i t y  b u t  t h a t  

t h e  c o s t  o f  deb t  inc reases  w i t h  t he  deb t- to- tang ib le- asse ts  r a t i o .  S ince t he  

c o s t  o f  deb t  v a r i e s  w i t h  t h e  deb t- to- tang ib le- asse ts  r a t i o ,  i nves tment  i s  

i n f l u e n c e d  by f i n a n c i a l  s t r u c t u r e .  E u l e r  equat ions f o r  t h e  f i r m ' s  dec i s i ons  

a re  es t ima ted  w i t h  i ns t r umen ta l  v a r i a b l e s  u t i l i z i n g  da ta  f o r  t h e  U . S .  

manufactur ing sec to r  f r om  1954 t o  1980. F i n a n c i a l  s t r u c t u r e  does n o t  have t he  

expected e f f e c t .  The r e s u l t s  suggest a  c l o s e r  examinat ion o f  t h e  i n f l u e n c e  o f  

i n f l a t i o n  on f i n a n c i a l  s t r u c t u r e .  



FINANCIAL STRUCTURE AND THE ADJUSTMENT OF CAPITAL STOCK 

I. I n t r o d u c t i o n  

A growing body o f  t h e o r e t i c a l  l i t e r a t u r e  analyzes l i n k s  between the r e a l  

and f i n a n c i a l  decis ions o f  f i r m s .  However, empi r ica l  i n v e s t i g a t i o n s  o f  

investment decis ions assume t h a t  f i r m s '  r e a l  and f i n a n c i a l  dec is ions  can be 

t r e a t e d  separate ly .  I n  t h i s  emp i r i ca l  l i t e r a t u r e ,  f i n a n c i a l  s t r u c t u r e  does 

no t  vary  endogenously. Thus, s tud ies  of the impact of tax changes do no t  take 

i n t o  account the l i k e l y  response o f  f i n a n c i a l  s t ruc tu re  and i t s  e f f e c t s  on 

f i n a n c i a l  costs and, hence, on investment.  

The r e a l  decis ions o f  f i r m s  may i n f l uence  t h e i r  f i n a n c i a l  cos ts  through 

numerous channels. Even i f  we take the  view t h a t  r e a l  and f i n a n c i a l  decis ions 

may be t r e a t e d  separate ly  because the  debt- to- equity r a t i o  i s  indeterminate,  

r e a l  and f i n a n c i a l  decis ions are l i n k e d  i n  general equ i l i b r i um,  s ince the r a t e  

of investment i s  a f f ec ted  by the r a t e  o f  r e t u r n  on savings. 

L inks  between r e a l  and f i n a n c i a l  decis ions are more d i r e c t  i f  f i n a n c i a l  

s t r u c t u r e  i s  determinate. The debt- to- equi ty  r a t i o  i s  determinate i f  tax 

r a t e s  f a v o r  debt, bu t  there are r e a l  costs t h a t  increase w i t h  the 

debt- to- equi ty  r a t i o .  Tax ra tes  f a v o r  debt l a r g e l y  because o f  the i n t e r e s t  

d e d u c t i b i l i t y  o f  debt a t  the corporate l e v e l  and because o f  the ( u n t i l  

r e c e n t l y )  low r a t e  o f  personal cap i ta l- ga ins  taxa t i on .  Agency problems o r  

increased p r o b a b i l i t y  o f  c o s t l y  bankruptcy imply t h a t  there are  costs t o  

i nc reas ing  the debt- to-equity r a t i o .  

I n  t h i s  paper, we consider the i n t e r a c t i o n  between the f i r m ' s  choice o f  

c a p i t a l  s tock (and hence i t s  r a t e  o f  investment) and i t s  f i n a n c i a l  costs.  We 

focus on the debt- to- tangible- assets r a t i o  r a t h e r  than on the debt- to- equi ty  



r a t i o .  I n  ou r  model, t he  c o s t  of deb t  v a r i e s  w i t h  t he  deb t- to- tang ib le- asse ts  

r a t i o ,  and phys i ca l  c a p i t a l  i s  t he  o n l y  t a n g i b l e  asse t .  G rea te r  amounts o f  

phys i ca l  c a p i t a l  reduce t he  c o s t  o f  debt ,  s ince  p h y s i c a l  c a p i t a l  i s  u s e f u l  as 

c o l  1  a t e r a l  . 
We a l s o  cons ider  t he  f i r m ' s  cho ices o f  o t h e r  p r o d u c t i v e  f a c t o r s .  As 

Shap i ro  (1986) has po in ted  o u t ,  models t h a t  cons ider  c a p i t a l  as t h e  o n l y  i n p u t  

t h a t  i s  c o s t l y  t o  a d j u s t  conclude t h a t  t h e  c a p i t a l  s t ock  must be q u i t e  c o s t l y  

t o  a d j u s t ,  s i nce  i t  seems t o  respond s l o w l y  t o  changes i n  t h e  expected 

p r o f i t a b i l i t y  o f  c a p i t a l .  We cons ider  t h e  f i r m ' s  cho ices o f  p r o d u c t i o n  

employment, hours o f  p roduc t i on  workers,  and nonproduct ion employment, a l o n g  

w i t h  i t s  cho ice o f  f i n a n c i a l  s t r u c t u r e  and c a p i t a l  s tock .  The cos t s  o f  

changing these i npu t s ,  i n c l u d i n g  t h e  change i n  t he  debt  cos t ,  h e l p  t o  

determine the  response o f  t h e  c a p i t a l  s tock  t o  a  change i n  t a x  r a t e s .  The 

es t imates  o f  adjustment cos t s  i n d i c a t e  whether the  debt  c o s t  i s  a  s i g n i f i c a n t  

de te rminan t  o f  t he  pa th  o f  t h e  c a p i t a l  s tock .  

11. Re1 a ted  L i  t e r a t u r e  

The hypo thes is  t h a t  t a x  r a t e s  f a v o r  deb t  over  e q u i t y  a t  t h e  f i r m  l e v e l  has 

ga ined  wide acceptance. ' The advantage i s  due t o  t he  i n t e r e s t  d e d u c t i b i  1  i t y  

o f  deb t  f o r  co rpo ra t i ons .  Much r e c e n t  work has analyzed t h e  f i n a n c i n g  cho i ce  

when t he re  a re  non-debt t a x  s h i e l d s  t h a t  inc rease  t he  p r o b a b i l i t y  t h a t  t h e  

i n t e r e s t  t a x  s h i e l d s  may n o t  be f u l l y  u t i l i z e d  (see, f o r  example, Barnea, 

Talmor, and Haugen C19871 and Zechner and Swoboda C19861). Inc reased  

leverage,  on t he  o t h e r  hand, may inc rease  agency cos ts  assoc ia ted  w i t h  deb t  o r  

may inc rease  t he  p r o b a b i l i t y  o f  bankruptcy.  Est imates of t h e  d i r e c t  cos t s  of  

bankruptcy,  however, seem t o o  low t o  e x p l a i n  observed f i n a n c i a l  s t r u c t u r e s .  

Agency cos t s  assoc ia ted  w i t h  deb t  may a r i s e  f o r  a  v a r i e t y  of reasons. 



Asset  t ype  i s  an impor tan t  de te rminan t  of f i n a n c i a l  s t r u c t u r e .  S c o t t  (1977) 

and Myers and M a j l u f  (1984) have i n d i c a t e d  t h a t  s tockho lders  may f i n d  i t  

advantageous t o  i s sue  secured debt .  S c o t t  p o i n t s  o u t  t h a t  issuance o f  secured 

deb t  reduces t h e  p r o b a b i l i t y  t h a t  c e r t a i n  cos t s ,  such as l e g a l  damages, w i l l  

be p a i d  i n  t he  event  o f  bankrup tcy  s ince  t he  c l a ims  of secured c r e d i t o r s  have 

p r i o r i t y .  Myers and M a j l u f  i n d i c a t e  t h a t  t h e r e  may be cos t s  assoc ia ted  w i t h  

i s s u i n g  s e c u r i t i e s  i m p l i c i t l y  backed by asse ts  whose va lue  i s  more e a s i l y  

measured by i n s i d e r s  than o u t s i d e r s .  For bo th  of these reasons, t h e  

a v a i l a b i l i t y  o f  assets  t h a t  can serve as c o l l a t e r a l  enhances t h e  va lue  o f  

e q u i t y .  Th is  i s  s i m i l a r  t o  arguments made by Myers (1977) t h a t  r e l i a n c e  on 

"assets  i n  p l ace"  versus growth o p p o r t u n i t i e s  enhances e q u i t y  va lue  s i nce  t h e  

va lue  o f  assets  i n  p l ace  i s  l e s s  dependent on d i s c r e t i o n a r y  investment. '  

Many e m p i r i c a l  i n v e s t i g a t i o n s  o f  investment  dec i s i ons  u t i l i z e  t h e  q  t h e o r y  

o f  investment  as t h e i r  framework. E a r l y  work by Summers (1980) and Hayashi 

(1982) assumed t h a t  t he  c a p i t a l  s t ock  was t h e  o n l y  i n p u t  t h a t  was c o s t l y  t o  

a d j u s t .  However, Shapi ro  (1986) and Kokklenberg (1984) cons ider  i n t e r r e l a t e d  

f a c t o r  demands. I n  these s tud ies ,  r e a l  resources a r e  absorbed when any 

p roduc t i ve  i n p u t  i s  ad jus ted .  These models imp l y  a  much r i c h e r  p i c t u r e  o f  

f i r m s '  response t o  changes i n  i n t e r e s t  r a t e s ,  t a x  r a t e s ,  o r  o t h e r  f a c t o r s  t h a t  

a l t e r  t he  r e t u r n  t o  c a p i t a l .  

111. The Model 

We analyze a  p a r t i a l  e q u i l i b r i u m  model o f  investment  where t h e  f i r m  

maximizes t h e  expected market va l ue  of i t s  e q u i t y .  The market  va lue  o f  

e q u i t y  i s  t he  p resen t  d iscoun ted  va lue  o f  the  d i v i dends  t o  be rece i ved  by  t h e  

shareholders .  Shareholders d i s c o u n t  f u t u r e  d i v i dends  a t  t h e  a f t e r - t a x  

r e q u i r e d  r a t e  o f  r e t u r n  on e q u i t y .  



I n  Appendix A, we show t h a t  t h i s  o b j e c t i v e  a t  t i m e  0 can be w r i t t e n  as 

- S ~ @ * ( T ) ~ T  
max zoEo = .f;e y ( t > d t  

where 

8*t = ( p  + p t ) / ( l  - T c t )  

y t  = (1  - z Y t )  D I V t / ( l  - T C ~ )  

p  = t he  a f t e r - t a x  r e a l  r a t e  o f  r e t u r n  r e q u i r e d  by  s tockho lders  

p t  = t h e  expected r a t e  o f  i n f l a t i o n  i n  commodity p r i c e s  

T C ,  = marg ina l  personal  c a p i t a l  ga ins  t a x  r a t e  

T,, = marg ina l  personal  d i v i dend  t a x  r a t e  

DIV,= t h e  d i v i dend  

z  = t h e  p r i c e  o f  e q u i t y  shares i n  terms o f  goods 

E = t h e  number o f  e q u i t y  shares 

We assume t h a t  t h e  a f t e r - t a x  r e a l  r e q u i r e d  r a t e  o f  r e t u r n  on e q u i t y  p, 

t h e  t ax  r a t e s  T, and T, t ,  and t he  r a t e  o f  i n f  1  a t i o n  a r e  exogenous t o  

t he  f i r m .  I n  t h e  s e c t i o n  on e s t i m a t i o n  we d iscuss  expec ta t i on  f o r m a t i o n  and 

i n f o r m a t i o n a l  assumptions. The f i r m ' s  r e a l  and f i n a n c i a l  dec i s i ons  a t  t h e  

s t a r t  o f  p e r i o d  t w i l l  n o t  i n f l u e n c e  8*t ,  t he  a f t e r - t a x  r a t e  o f  r e t u r n  

r e q u i r e d  by shareholders .  Rather, they  i n f l u e n c e  y t  , t h e  d i v i dend  

ad jus ted  f o r  taxes.  

I V .  F i n a n c i a l  S t r u c t u r e  

We assume t h a t  t h e r e  i s  no a d d i t i o n a l  e q u i t y  i s s u e  and t h a t  t h e  f i r m  

min imizes i t s  f i n a n c i a l  cos ts  by choosing between deb t  and r e t a i n e d  earn ings .  

A t  t he  margin,  t h e  cos t s  o f  debt  and r e t a i n e d  earn ings  w i l l  be equal  t o  t h e  

f i rm .  Tax r a t e s  f a v o r  debt ,  b u t  t h e  deb t  c o s t  i nc reases  w i t h  t h e  r a t i o  o f  



debt  t o  t a n g i b l e  asse ts .  The f i r m ' s  f i n a n c i a l  and investment  dec is ions  t h u s  

a f f e c t  t he  deb t  c o s t  by i n f l u e n c i n g  the  deb t- to- tang ib le- asse ts  r a t i o .  

The c o n d i t i o n  t h a t  t a x  r a t e s  f a v o r  debt  ove r  r e t a i n e d  earn ings can be 

w r i t t e n  as 

where S O  = be fo re- tax  c o s t  o f  deb t  issued a t  t i m e  0. 

The c o s t  t o  s t ockho lde rs  o f  one d o l l a r  o f  r e t a i n e d  earn ings  a t  t ime 0 

i s  t he  foregone one d o l l a r  o f  d i v idends .  The p resen t  va lue  o f  t h i s  c o s t  

i s  t h e  l e f t  s i d e  o f  express ion  (4 ) .  The c o s t  o f  one d o l l a r  o f  debt  

i ssued  a t  t ime  0 i s  t h e  r e d u c t i o n  i n  d iv idends  p a i d  a t  t ime  1. The 

p resen t  va lue  o f  t h i s  c o s t  i s  t he  r i g h t  s i de  o f  express ion  (4 ) ,  us i ng  t h e  

d e f i n i t i o n  o f  8* and S O ,  and t a k i n g  i n t o  account t h e  r e d u c t i o n  i n  t he  

r e a l  deb t  burden due t o  i n f l a t i o n .  

An i n t e r i o r  s o l u t i o n  f o r  t he  f i r m ' s  f i n a n c i a l  s t r u c t u r e  a r i s e s  f r om  

t h e  combinat ion o f  express ion  (4)  and t h e  assumption t h a t  t he  before- tax 

c o s t  of deb t  inc reases  w i t h  t h e  debt- to- tangi  b le- assets  r a t i o .  The 

before- tax c o s t  of deb t  i ssued  i n  p e r i o d  t i s  w r i t t e n  as 

s t  = [ a  + v l (B t / [ (K t ) ) 1B t  

where 

Bt = book va lue  o f  debt  i ssued  a t  t h e  s t a r t  o f  p e r i o d  t, 

Kt = n e t  s t ock  o f  phys i ca l  c a p i t a l  i n  p l ace  a t  t h e  s t a r t  o f  p e r i o d  t, and 

E(K,)= book va lue  o f  K t .  

a  and v l  a r e  parameters t o  be est imated.  We assume t h a t  a l l  debt  i s  

r o l l e d  ove r  each p e r i o d  and t h a t  i n t e r e s t  i s  p a i d  each p e r i o d  on t h e  e n t i r e  

s t o c k  o f  debt .  C o n d i t i o n  (5) i n d i c a t e s  t h a t  t h e  before- tax c o s t  o f  deb t  

v a r i e s  w i t h  t h e  r a t i o  o f  t h e  book va lue  o f  deb t  t o  t he  book va lue  o f  t h e  



physical  c a p i t a l  stock. We assume t h a t  the book value o f  physical  c a p i t a l ,  

[ ( K t ) ,  i s  a  f u n c t i o n  o f  the net  stock o f  physical  c a p i t a l ,  K t .  

[ (K t>  and Kt w i l l  d i f f e r  f o r  a  v a r i e t y  o f  reasons; f o r  example, book 

deprec ia t ion  i s  no t  necessar i l y  equal t o  physical  deprec ia t ion .  However, 

we assume t h a t  the r a t i o  between S ( K t )  and Kt ,  A t  = S (K t ) lK t ,  

i s  known t o  the  f i r m ,  al though i t  var ies  through time. The f i r m  chooses Kt 

d i r e c t l y  and thus chooses [ (Kt)  i n d i r e c t l y .  

V.  Factor Demands 

Fol lowing Shapiro (19861, we assume t h a t  the product ion func t i on  i s  g iven 

by 

l o g  y t  = a. + a K l o g  K t  + a L l o g  L t  + aH log  H t  + aNlog N t  

- . S [ g ~ ~ ( K t + l - d t K , ) '  + ~ L L ( L ~ - q t - i L t - 1 ) '  + ~ H H ( H ~ - H t - 1  1' 

+ gNN(Nt-Nt- , ) ' l  + a , t  + c t  

where 

y t  = r e a l  ou tput ,  

K t  = physical  c a p i t a l  s tock a t  beginning o f  per iod  t, 

Lt  = product ion employment i n  pe r iod  t, 

H t  = weekly hours per product ion worker i n  per iod  t, 

N t  = nonproduction employment i n  per iod  t, 

dt = one minus the physical  deprec ia t ion  r a t e  o f  c a p i t a l ,  

q t  = one minus the q u i t  r a t e ,  and 

e t  = shock t o  the product ion func t i on .  

Here the costs o f  gross adjustments i n  the l e v e l  o f  the fac to rs  are 

expressed i n  terms o f  ou tput  losses. We have assumed t h a t  fac tor  demands are 

not  i n t e r r e l a t e d ;  the cost  o f  ad jus t i ng  a  s i n g l e  i npu t  does not  depend on 



changes i n  t he  o ther  i npu ts .  The emp i r i ca l  r e s u l t s  o f  Shapiro and Kokklenberg 

have been inconc lus ive  regard ing  the s i g n i f i c a n c e  o f  such in te r re la tedness .  

The product ive  t ime l o s t  because o f  reo rgan iz ing  product ion and i n s t a l l i n g  

equipment should vary w i t h  ne t  investment p l u s  depreciat ion,  n o t  j u s t  w i t h  ne t  

investment, s ince e m p i r i c a l l y  i t  may be d i f f i c u l t  t o  d i s t i n g u i s h  between the 

two. S i m i l a r l y ,  costs a re  i ncu r red  i n  t r a i n i n g  new employees even if the 

l e v e l  o f  p roduct ion  employment i s  unchanged. The cost  o f  t r a i n i n g  new 

employees i s  d i s t i n c t  f rom the costs o f  inc reas ing  hours per employee (such as 

over t ime).  

The cos t  o f  p roduct ion  and nonproduct ion employment i s  expressed as 

W t * L t H t  + f k L t  + f:N, (7) 

where 

W t *  = wage r a t e  f o r  p roduct ion  workers i n c l u s i v e  o f  overt ime, 

f : = nonwage cos t  o f  a  p roduct ion  worker, and 

f : = cos t  o f  a  nonproduct ion worker. 

w ,  i s  the  overt ime premium. f: and f: are nonwage 

costs.  For nonproduct ion workers, f: inc ludes  sa la r i es  and fri nge 

b e n e f i t s .  For p roduct ion  workers, f: inc ludes  o n l y  f r i n g e  benef i ts .  The 

wage b i l l ,  o r  v a r i a b l e  cos t  o f  p roduct ion  employment, i s  w r i t t e n  as 

W , * L t H t  = W t L t C H t  + w o  + w l ( H t - H * t ) l  (8 ) 

where 

H T = l e v e l  o f  hours a t  which over t ime s t a r t s ,  

H t - H t *  = over t ime hours per  p roduct ion  employee, and 

W t = wage r a t e  f o r  p roduct ion  workers exc lus ive  o f  overt ime. 

w o  and w ,  are parameters t o  be e ~ t i m a t e d . ~  w ,  should be 

p o s i t i v e  i f  the wage b i l l  i s  t o  increase w i t h  overt ime hours. This 

f o r m u l a t i o n  suggests t h a t  any "slow" adjustment i n  hours may be p a r t i a l l y  due 



to  an inc rease  i n  t h e  wage r a t e  as over t ime hours  r i s e .  

Gross changes i n  t h e  l e v e l  o f  investment ,  K t ,  a re  f i nanced  th rough  deb t  

i ssue ,  r e t a i n e d  earn ings ,  o r  t he  decrease i n  t h e  r e a l  debt  burden due t o  

i n f l a t i o n .  Th is  i s  expressed i n  c o n d i t i o n  ( 9 ) .  

D t I t  = REt + (B t+1  - B t )  + p t B t  (9 )  

where 13, i s  the  r e l a t i v e  p r i c e  o f  investment  goods. 

I n  a d d i t i o n ,  t h e  f i r m  r e c e i v e s  an investment  t a x  c r e d i t ,  I TC t ,  on each 

d o l l a r  o f  investment  expend i t u re  a t  t ime  t and i s  ab le  t o  deduct  d e p r e c i a t i o n  

expenses i n  accordance w i t h  t h e  t a x  code. Below, Dt equals t h e  p resen t  

d iscoun ted  va lue o f  a l l  d e p r e c i a t i o n  deduct ions assoc ia ted  w i t h  one d o l l a r  o f  

i nves tment  a t  t ime  t. 

T o t a l  revenue i s  a t y t ,  where at i s  t he  p r i c e  o f  o u t p u t  a t  t ime  

t. T o t a l  revenue equa ls  t h e  sum o f  wages, nonwage payments t o  l a b o r ,  taxes,  

i n t e r e s t ,  d i v idends ,  and r e t a i n e d  earn ings .  I n  appendix A, express ions (6), 

(71, (81, and ( 9 )  a r e  used t o  so l ve  f o r  t he  d i v i dend .  Us ing  these  r e s u l t s ,  a  

d i s c r e t e  t ime  v e r s i o n  o f  express ion  (11, t h e  market  va lue  o f  e q u i t y  a t  t ime  0, 

i s  w r i t t e n  as 

Here i n f l a t i o n  has complex e f f e c t s  on investment ,  as we would expect g i v e n  

p r e v i o u s  i n v e s t i g a t i o n s  (see F e l d s t e i n  [ I9871  and C h i r i n k o  C19871). F i r s t ,  

t h e  investment  t a x  c r e d i t  i s  based on t h e  h i s t o r i c a l  c o s t  of investment  goods, 

n o t  r e a l  expend i tu res .  Second, d e p r e c i a t i o n  deduct ions a re  a l s o  based on 

h i s t o r i c a l  c o s t  r a t h e r  than on t h e  replacement c o s t .  T h i r d ,  t h e  express ion  



f o r  the d iv idend inc ludes a  term, ptBt ,  t h a t  roughly accounts f o r  the f a c t  

t h a t  i n f l a t i o n  erodes the r e a l  debt burden. 

V I .  Optimal Factor Demands and F inanc ia l  S t ruc ture  

A t  the beginning o f  pe r iod  t = 0,1,2,3, . .. the f i r m  maximizes the expected 

value o f  V t  cond i t i ona l  on i n fo rma t ion  a v a i l a b l e  a t  the s t a r t  o f  pe r iod  t 

and i n i t i a l  cond i t ions ,  Kt = Kt ,  L t - l  = L t - , ,  N t - l  = N t - l ,  H t - l  = H t - , ,  and 

Bt = B,. Since B t  and Kt a re  g iven a t  the s t a r t  o f  pe r iod  t, the f i r m  chooses 

B t + ,  and K t + ,  as we l l  as L t ,  Nt, and H,. 

The f o l l o w i n g  f i r s t - o r d e r  cond i t i ons  ho ld  f o r  a l l  t = 0,1,2, ... : 



l i m  a(Et-,VT) = 0 
T- aLT 

l i m  a(Et-,VT) = 0 
T- aH T 

l i m  a(Et-IVT) = 0 
T- aNT 

l i m  a(Et-lVT) = 0 
a6T 

l i m  a(Et-IVT) = 0 
T- aKT 

Each Eu le r  equat ion r e q u i r e s  t h a t  i t  i s  no t  poss ib le  t o  increase expected 

market va lue by f u r t h e r  increases i n  K t ,  L t ,  N t ,  H t ,  o r  B,. I n  

expec ta t ion  terms, marginal b e n e f i t  equals marginal cos t .  The choices of 

K t ,  L t ,  N t ,  and H, depend d i r e c t l y  on the  expec ta t ion  o f  t h e i r  values 

i n  the nex t  per iod ,  because adjustment cos ts  i n  p e r i o d  t + l  depend on the  

change between per iods .  

As I demonstrate i n  appendix B, expression (14) s t a t e s  t h a t  the  expected 

cos t  o f  funds i s  equa l i zed  between r e t a i n e d  earnings and debt  issue. The 

choices o f  debt and phys i ca l  c a p i t a l  a re  l i n k e d  through t h e i r  j o i n t  impact on 

the  cos t  o f  debt. An inc rease i n  K t + l  imp l i es  adjustment cos ts  bu t  

increases p e r i o d  t cash f l o w  v i a  dep rec ia t i on  deduct ions and investment t a x  

c r e d i t s .  Increases i n  K t + l  increase p e r i o d  t + l  ou tpu t ,  b u t  the o v e r a l l  

impact o f  an increase i n  K t+ l  on pe r i od  t+l cash f l o w  a l s o  depends on the  



f u t u r e  choice o f  K t+2 .  The i n i t i a l  cond i t ions ,  t he  t r a n s v e r s a l i t y  

cond i t ions ,  (16) through (20),  and the Euler equat ions,  (11) through ( I S ) ,  

w i l l  imp ly  a  unique s o l u t i o n  path when combined w i t h  the assumptions t h a t  0  < 

1/(1+8*) < 1,  and t h a t  the product ion  func t i on  i s  concave and twice 

cont inuously  d i f f e r e n t i a b l e  i n  K, L, N, and H (see Lucas and Prescot t  C19711). 

V I I .  Est imat ion 

We est imate the parameters of the  product ion f u n c t i o n  and the debt cos t  

f u n c t i o n  w i thout  s o l v i n g  f o r  the f i r m ' s  dec is ion  r u l e s  d i r e c t l y .  We u t i l i z e  a  

vers ion  o f  Hansen and S ing le ton ' s  (1982) General ized Inst rumental  Var iab les  

Est imator ,  which, g iven our  assumptions, i s  i d e n t i c a l  t o  o rd ina ry  non l inear  

three-stage l e a s t  squares. This approach presents bo th  advantages and 

disadvantages. 

Decis ion r u l e s  can be der ived i f, i n  a d d i t i o n  t o  the assumptions mentioned 

above t h a t  guarantee uniqueness, 1 )  p r i ces  and a l l  o t h e r  var iab les  exogenous 

t o  the f i r m  f o l l o w  covariance s t a t i o n a r y  s tochas t i c  processes known t o  the  

f i r m ,  2) the r a t e  used t o  d iscount  the future,  8*,  i s  constant,  and 3) the  

product ion  f u n c t i o n  i s  quadra t ic .  I n  appendix B, I show how under these 

cond i t i ons  the Euler  equat ions can be solved t o  show t h a t  the f i r m ' s  dec is ions  

are r e l a t e d  t o  i t s  expectat ions o f  var iab les  t h a t  a re  n o t  i n  the i n fo rma t ion  

se t .  

Al though the f i r m  makes fo recas ts  o f  i t s  f u t u r e  decis ions based on i t s  

forecasts o f  f u t u r e  p r i ces ,  taxes, etc . ,  i t s  ac tua l  choices o f  f u t u r e  i n p u t  

l e v e l s  w i l l  be made a f t e r  a d d i t i o n a l  in fo rmat ion  has been received.  

Because our d iscount  r a t e  var ies  over t ime, we do n o t  u t i l i z e  the dec i s ion  

r u l e  technique. However, d i r e c t l y  es t ima t ing  the Euler  equations e n t a i l s  a  

loss  o f  e f f i c i e n c y .  The dec is ion  r u l e  method u t i l i z e s  more in fo rmat ion  by 



imposing t h e  cross- equat ion r e s t r i c t i o n s  between t h e  s t o c h a s t i c  processes, 

genera t ing  t h e  f o r c i n g  v a r i a b l e s  and t h e  d e c i s i o n  r u l e s  themselves. I t  may 

appear t h a t  t h e  Eu le r  equa t i on  method avo ids  t h e  need t o  s p e c i f y  t h e  

s t ochas t i c  processes gene ra t i ng  t h e  f o r c i n g  v a r i a b l e s .  However, Garber and 

King (1983) no te  t h a t  Eu le r  equa t ion  e s t i m a t i o n  r e q u i r e s  i n f o r m a t i o n a l  

assumptions s i m i l a r  t o  those o f  conven t iona l  s imul taneous equat ions t h e o r y .  

Garber and K i n g  p o i n t  o u t  t h a t  Eu le r  equa t i on  methodology does n o t  a v o i d  

the need t o  s p e c i f y  t he  d e t a i l s  o f  t he  genera l  e q u i l i b r i u m  i n  which economic 

agents make t h e i r  dec i s i ons .  I n  t h e i r  genera l  e q u i l i b r i u m  model, 

i d e n t i f i c a t i o n  and e s t i m a t i o n  d i f f i c u l t i e s  a r i s e  when t h e  economet r i c ian  i s  

unable t o  observe s h i f t s  i n  agen ts '  o b j e c t i v e s .  I n  ou r  case, t he  prob lem may 

a r i s e  i f  t h e r e  a r e  a c t u a l l y  shocks t o  preferences b u t  n o t  p roduc t i on .  Then, 

as a r e s u l t  o f  hav ing  i n c o r r e c t l y  s p e c i f i e d  t h e  shocks, we may end up 

e s t i m a t i n g  p re fe rence  parameters r a t h e r  than  p r o d u c t i o n  parameters.  

The f o rm  o f  t h e  s t o c h a s t i c  Eu le r  equa t ions  (11) th rough  (15) tends 

n a t u r a l l y  t o  suggest use o f  t h e  " gene ra l i zed  i ns t r umen ta l  v a r i a b l e s  e s t i m a t o r "  

proposed by Hansen and S i n g l e t o n  (1982). 

Note t h a t  i f  

E t - l h ( X t ,  8) = 0, (21 

where X t  i s  t h e  m a t r i x  o f  a l l  endogenous and exogenous v a r i a b l e s  and 8 i s  

t he  vec to r  o f  parameters,  then  t h e  p roduc t  o f  each such Eu le r  equa t i on  and 

ins t ruments  i n  t h e  i n f o r m a t i o n  s e t  i s  a l s o  zero:  

E t - l h ( X t ,  g * Z t  = 9. (22 

S u b s t i t u t i n g  f o r  v a r i a b l e s  unknown a t  t ime  t i n  t h e  Eu le r  equa t ions  y i e l d s  

h(Xt, 8 ) *Z t  = gt .  (23) 

Equat ion (24) suggests why i t  i s  n a t u r a l  t o  i n t e r p r e t  t h e  g t s  as 



fo recas t  e r r o r s .  

Et- , {h(Xt,e) - Et- lCh(Xt ,  8) I )  = 0. (24) 

The es t ima to r  o f  8 suggested by Hansen and S ing le ton  min imizes a  weighted 

sum o f  t h e  p roduc ts  o f  t he  ins t ruments  and h(Xt ,g>.  They d e r i v e  t he  

we igh t ing  m a t r i x  t h a t  min imizes asymptot ic  s tandard e r r o r s  even under 

c o n d i t i o n a l  h e t e r o s c e d a s t i c i t y .  I assume c o n d i t i o n a l  homoscedas t i c i t y  o f  t he  

e t s  ins tead ,  and hence u t i l i z e  non l i nea r  three- stage l e a s t  squares. 

As ins t ruments  I u t i l i z e  t h e  v a r i a b l e s  l i s t e d  a t  t h e  t o p  o f  t a b l e  1 .  

These i n c l u d e  a l l  v a r i a b l e s  dated t -1  b u t  none dated t. Since a l l  v a r i a b l e s  

dated t a re  r e a l i z e d  average va lues over  p e r i o d  t, they  cannot be i n  t h e  

f i r m ' s  i n f o r m a t i o n  se t  a t  t he  s t a r t  o f  p e r i o d  t. This  a p p l i e s  even t o  t h e  t a x  

r a t e s ,  investment  t a x  c r e d i t ,  and d e p r e c i a t i o n  deduc t ion  schedules. Thus, t h e  

va lues o f  f u t u r e  endogenous v a r i a b l e s  a re  n o t  known a t  t ime  t. T h e i r  va lues  

w i l l  be chosen a t  t he  beg inn ing  o f  the  n e x t  pe r i od ,  a f t e r  new i n f o r m a t i o n  has 

been rece i ved  by  t he  f i r m .  I f  t he re  a re  s p e c i f i c a t i o n  e r r o r s ,  then t h e  e t s  

a re  more than f o r e c a s t  e r r o r s .  Ins t ruments  da ted  t a re  n o t  v a l i d  i f  the  

s p e c i f i c a t i o n  e r r o r  component i s  s e r i a l l y  c o r r e l a t e d .  

For t he  system s tud ied ,  104 observa t ions  and 11 parameters w i l l  be 

est imated.  I assume the  e r r o r  terms may be c o r r e l a t e d  contemporaneously 

across equat ions b u t  n o t  through t ime. The express ion  f o r  t h e  wage b i l l  (8) 

i s  es t imated  a l ong  w i t h  t he  Eu le r  equat ions,  express ions (11) through (15) .  

Since t he  Eu le r  equa t ion  f o r  debt  con ta ins  no c u r r e n t  endogenous v a r i a b l e s ,  I 

exc lude t h a t  equa t i on  f r om es t ima t i on .  I n  o r d e r  t o  u t i l i z e  t h e  a p p r o p r i a t e  

r o u t i n e  i n  t h e  Time Ser ies  Processor (Ve rs i on  4.01, I " so l ve"  each Eu le r  

equa t ion  f o r  t he  cor responding f u t u r e  endogenous v a r i a b l e .  Thus, t he  

l e f t - s i d e  v a r i a b l e s  f o r  the  t ransformed E u l e r  equat ions a re  L t + l ,  Ht, l ,  

N,,,, and K t + * .  Data a re  descr ibed  i n  appendix C. 



V I I I .  Resul ts  

The parameter est imates and a  l i s t  o f  the  instruments are presented i n  

t a b l e  1. The sets o f  s t a r t i n g  values, a l l  o f  which l e d  t o  the same est imates,  

are a v a i l a b l e  f rom the author .  Except where otherwise noted, I r e f e r  below t o  

the r e s u l t s  o f  one- ta i led  t t e s t s  o f  the hypothesis t h a t  the parameters are 

zero, w i t h  the  a l t e r n a t i v e  hypothesis t h a t  the parameters are p o s i t i v e .  Of 

the 11 parameters estimated, f i v e  are s i g n i f i c a n t  a t  the 5  percent  l e v e l .  

Both parameters i n  the wage b i l l  f u n c t i o n ,  expression (81, a re  

s i g n i f i c a n t .  w o  i s  s i g n i f i c a n t  a t  the 10 percent  l e v e l  and w ,  i s  

s i g n i f i c a n t  a t  the 5  percent  l e v e l .  The est imate o f  w , ,  0.475, i s  near 

.5, the t y p i c a l  overt ime premium. 

The est imates o f  gNN and gKK are both s i g n i f i c a n t  a t  the 5 percent  

l e v e l .  Ne i ther  g L L  nor gHH, however, i s  s i g n i f i c a n t  a t  the 10 percent  

l e v e l .  This  conf irms Shap i ro 's  r e s u l t s  t h a t  the o n l y  s i g n i f i c a n t  cos ts  t o  

a d j u s t i n g  the l e v e l  o f  p roduct ion  employment and hours are the a d d i t i o n a l  

wages o r  sa la r i es .  O f  the ou tput  e l a s t i c i t i e s ,  o n l y  the e l a s t i c i t y  o f  ou tpu t  

w i t h  respect  t o  L, aL,  and the e l a s t i c i t y  o f  ou tpu t  w i t h  respect  t o  N, a ~ ,  

a re  s i g n i f i c a n t l y  d i f f e r e n t  from zero. Both are  s i g n i f i c a n t  a t  t he  5  percent  

l e v e l .  Fo l lowing Shapiro, I i n t e r p r e t  the  reasonableness o f  t he  est imates by 

c a l c u l a t i n g  the  imp l i ed  changes i n  q u a r t e r l y  f lows a t  q u a r t e r l y  r a t e s  i n  1967 

d o l l a r s  us ing  the est imated parameters and a r i t h m e t i c  averages o f  va r i ab les .  

For example, us ing  average values of y  and L and the est imate of a ~ ,  I 

c a l c u l a t e  t h a t  the increase i n  ou tpu t ,  gross o f  adjustment costs,  due t o  an 

e x t r a  m i l l i o n  product ion  employees i s  $1.7 b i l l i o n .  This amounts t o  $6,800 

per  p roduct ion  employee per  year.  

I t  i s  usefu l  t o  compare the ou tpu t  and costs o f  inc reas ing  p roduc t i on  

l a b o r  i n p u t  v i a  increases i n  L  versus increases i n  H. F i r s t ,  note t h a t  a  



one-mi 11 i o n  inc rease  i n  p roduc t i on  employment increases q u a r t e r l y  hours  by 

524.87 m i l l i o n .  Since t h i s  inc rease  of  524.87 m i l l i o n  hours i nc reases  o u t p u t  

by $1.7 b i  11 i on ,  i n c reas ing  p roduc t i on  employment so as t o  i nc rease  hours  by 

one m i l l i o n  hours would inc rease  o u t p u t  by  $3.25 m i l l i o n .  The i nc rease  i n  

compensation r e q u i r e d  f o r  these a d d i t i o n a l  employees i s  c a l c u l a t e d  from t h e  

wage b i l l  as W ~ E H , + W , + ~ ~ ( H , - H ~ * > I  and f r om t h e  f i x e d  c o s t  component, 

The c o s t  o f  i n c reas ing  t o t a l  hours per  q u a r t e r  by one m i l l i o n  th rough  

inc reases  i n  p roduc t i on  employment i s  $3.82 m i l l i o n .  I n c r e a s i n g  q u a r t e r l y  

hours by one m i l l i o n  v i a  increases i n  hours pe r  employee r e q u i r e s  an i nc rease  

of $4.9 m i l l i o n  i n  compensation. Th is  i s  c a l c u l a t e d  f r om t h e  express ion  f o r  

t h e  wage b i l l  as WtL,(l+wl). 

I g n o r i n g  any ad justment  cos ts  f o r  H o r  L, t h e  lower  compensation c o s t  f o r  

L  compared w i t h  H i m p l i e s  t h a t  i t  i s  cheaper t o  h i r e  and l a y  off than  to  meet 

inc reased  demand v i a  increased hours .  The es t ima te  o f  ~ N N  i m p l i e s  t h a t  a  

o n e- m i l l i o n  change i n  nonproduct ion employment e n t a i l s  . $ I 2  b i l l i o n  i n  

q u a r t e r l y  ad justment  cos ts .  The f i x e d  c o s t  o f  one m i l l i o n  nonproduc t ion  

employees i s  $7.97 b i l l i o n ,  w h i l e  t h e  a d d i t i o n a l  o u t p u t  a t t r i b u t e d  t o  these 

workers  i s  $7.16 b i l l i o n .  The average l e v e l  o f  f: i m p l i e s  t h a t  each 

nonproduc t ion  employee was p a i d  an average o f  a lmost  $32,000 per  yea r  ove r  t h e  

sample p e r i o d .  

The es t ima te  o f  g K K  i m p l i e s  t h a t  changing t h e  c a p i t a l  s tock  by  $1 b i  11 i o n  

e n t a i l s  ad justment  cos ts  o f  $1.22 b i l l i o n .  The e s t i m a t e ' o f  aK i s  n o t  

s i g n i f i c a n t  a t  t he  10 percen t  l e v e l ;  t h e  es t ima te  o f  v 1  i s  s i g n i f i c a n t  b u t  

n e g a t i v e  . 
S ince  e x p l a i n i n g  t he  phys i ca l  c a p i t a l  cho ice  i s  a  p r ima ry  focus i n  t h i s  

paper, t h e  i m p l a u s i b i l i t y  o f  t he  es t imates  o f  aK and v l  i s  d i s cou rag ing .  



To see i f  the  i n c l u s i o n  o f  t h e  v l  te rm was respons ib l e  f o r  t h e  

i n s i g n i f i c a n c e  o f  t h e  es t ima te  o f  a ~ ,  I excluded t h e  v ,  t e rm  and es t imated  

t h e  E u l e r  equa t ion  f o r  p h y s i c a l  c a p i t a l .  The r e s u l t s ,  g i v e n  i n  t a b l e  2, 

i n d i c a t e  t h a t  w i t h o u t  t he  v l  term,  t he  es t ima te  o f  aK remains imp laus ib l e ;  

a~  shou ld  be s i g n i f i c a n t  and p o s i t i v e .  

I a l s o  cons ider  t h e  p o s s i b i l i t y  t h a t  I have m i s s p e c i f i e d  t h e  impact of 

i n f l a t i o n  on investment .  As i n d i c a t e d  p r e v i o u s l y ,  i n f l a t i o n  a f f e c t s  

inves tment  th rough  i t s  impact on d e p r e c i a t i o n  deduct ions,  on investment  t a x  

c r e d i t s ,  on the  r e a l  deb t  burden f a c i n g  t h e  f i r m ,  and on t h e  c o s t  o f  deb t .  

The s e r i e s  f o r  ITC and D a re  based on ac tua l  deduc t ions  and c r e d i t s  and a r e  

i n f l u e n c e d  by i n f l a t i o n .  I have no t ,  however, modeled t h e  impac t  o f  i n f l a t i o n  

on t h e  c o s t  o f  deb t  i n  exp ress i on  (5). 

Since i n f l a t i o n  r a t e s  seemed t o  s h i f t  i n  t h e  l a t e  1960s, one crude way t o  

c o n t r o l  t h e  e f f e c t  o f  i n f l a t i o n  i s  by s p l i t t i n g  t h e  sample p e r i o d .  Table 2 

p r e s e n t s  t he  r e s u l t s  o f  t h e  e s t i m a t i o n  o f  t h e  Eu le r  equa t i on  f o r  phys i ca l  

c a p i t a l  w i t h  t h e  sample p e r i o d  s p l i t  a t  t h e  end o f  t he  second q u a r t e r  o f  1968. 

The s i g n  o f  t h e  es t ima te  of v l  i s  p o s i t i v e  i n  bo th  subper iods and i s  

s i g n i f i c a n t  a t  t h e  5 pe rcen t  l e v e l  i n  t h e  e a r l i e r  subper iod.  The s i gn  o f  aK 

i s  n e g a t i v e  b u t  s i g n i f i c a n t  i n  b o t h  subper iods. I n  a d d i t i o n ,  Chow t e s t s  

i n d i c a t e  r e j e c t i o n  o f  t h e  hypo thes i s  t h a t  t h e  c o e f f i c i e n t s  a r e  cons tan t  ac ross  

t h e  two  subper iods.  Th is  r e s u l t  o b t a i i i s  whether o r  n o t  t h e  v ,  term i s  

exc luded .  

I X .  Conclusions 

T h i s  paper has p resen ted  a  p a r t i a l  e q u i l i b r i u m  model o f  a  r e p r e s e n t a t i v e  

f i r m  maximiz ing t he  expected va lue  o f  i t s  e q u i t y  v i a  i t s  cho i ce  of p r o d u c t i o n  

l a b o r ,  nonproduct ion l a b o r ,  hours  o f  p roduc t i on  l a b o r ,  c a p i t a l  s tock ,  and deb t  



i ssue.  I t  d i f f e r s  from o t h e r  e f f o r t s  by i t s  more complete t reatment  o f  t h e  

choice o f  f i n a n c i a l  s t r u c t u r e .  The f i n a n c i n g  choice a f f e c t s  the  pa th  o f  t he  

c a p i t a l  s tock i n  the theory  presented. The Euler  equat ions, toge ther  w i t h  an 

equat ion i n d i c a t i n g  how the  average wage r a t e  va r i es  w i t h  over t ime hours, a re  

est imated w i t h  ins t rumenta l  va r i ab les .  

Of emp i r i ca l  s tud ies  of adjustment costs ,  t h i s  s tudy i s  c l o s e s t  t o  t h a t  o f  

Shapiro. '  Shapiro, however, assumes t h a t  over t ime s t a r t s  a t  40 hours w h i l e  

I assume t h a t  over t ime s t a r t s  a t  a  l e v e l  t h a t  va r i es  i n  each per iod .  This  

d i f f e r e n c e  i n  s p e c i f i c a t i o n  may e x p l a i n  why Shap i ro 's  est imate o f  aH i s  

s i g n i f i c a n t  wh i l e  mine i s  'not. Shapi ro a l s o  f i n d s  aK t o  be s i g n i f i c a n t ,  

p o s s i b l y  because he uses the  Treasury b i l l  r a t e  p lus  3 percent  as 8* ,  w h i l e  

I c o n s t r u c t  8*  t o  i nco rpo ra te  t ax  r a t e s  and i n f l a t i o n .  

The i n s i g n i f i c a n c e  o f  aK and the  "wrong" s ign  f o r  v l  suggest t h a t  the  

the  model i n  t h i s  paper i s  misspeci f ied.  A crude at tempt  to  c o n t r o l  f o r  t he  

e f fec t  o f  i n f l a t i o n  on the  est imates o f  a ~  and v l  suggests t h a t  

m i s s p e c i f i c a t i o n  may i n v o l v e  the  measurement o f  the  impact o f  i n f l a t i o n  on 

investment.  The s ign  o f  a ~ ,  however, remains imp laus ib le  f o r  each subperiod; 

an inc rease i n  the  s tock  o f  phys i ca l  c a p i t a l  should increase ou tpu t .  Fur ther  

work w i l l  be aimed a t  i s o l a t i n g  the  f a c t o r s  respons ib le  for these r e s u l t s .  A 

t e n t a t i v e  conclus ion may be t h a t  the  r e s u l t s  o f  o t h e r  s tud ies  need t o  be 

q u a l i f i e d  by t h e i r  assumptions about tf ie e f f e c t  o f  f i n a n c i a l  s t r u c t u r e  on 

investment  decis ions.  
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Glossary  o f  Terms 

8* = t h e  " d i scoun t  r a t e "  a p p l i c a b l e  t o  qua r t e r  t cash f l o w  

p = f i x e d  r e a l  r a t e  o f  r e t u r n  r e q u i r e d  by s tockho lders  

p, = r a t e  o f  commodity p r i c e  i n f l a t i o n  

r,, = marg ina l  personal  r a t e  o f  c a p i t a l  ga ins  t a x a t i o n  

T,, = marg ina l  personal  r a t e  o f  d i v i d e n d  income t a x a t i o n  

T,, = co rpo ra te  p r o f i t s  t a x  r a t e  

DIV,  = t he  d i v i d e n d  

y t  = cash f l o w  

y, = r e a l  o u t p u t  o f  manufac tu r ing  

K t  = p h y s i c a l  c a p i t a l  s t ock  a t  t he  s t a r t  of p e r i o d  t 

L, = l e v e l  o f  p r o d u c t i o n  employment i n  p e r i o d  t 

H, = weekly hours pe r  p r o d u c t i o n  worker 

Nt  = l e v e l  o f  nonproduc t ion  employment 

d  = one minus t h e  q u a r t e r l y  r a t e  o f  phys i ca l  d e p r e c i a t i o n  o f  t he  p h y s i c a l  

cap i  t a l  s t ock  

q t  = one minus t h e  q u i t  r a t e  

S(Kt3= book va lue  o f  t h e  s t ock  o f  p h y s i c a l  c a p i t a l  

B, = book va lue  o f  deb t  

H*, = l e v e l  o f  weekly hours  per  employee a t  which ove r t ime  s t a r t s  

W*, = h o u r l y  wage r a t e  i n c l u s i v e  o f  ove r t ime  payments 

W t  = h o u r l y w a g e  r a t e  e x c l u s i v e o f  ove r t ime  

f: = t h e  f i x e d  c o s t  o f  a  p r o d u c t i o n  worker 

f: = t h e  f i x e d  c o s t  o f  a  nonproduc t ion  worker 

at = manufac tu r ing  o u t p u t  p r i c e  index 



Bt = investment  goods p r i c e  index 

c t  = shock t o  t h e  p roduc t i on  f u n c t i o n  

Dt  = p resen t  va lue  of  d e p r e c i a t i o n  deduct ions 

ITCt = investment  t a x  c r e d i t  



Table 1  

The Ins t ruments  

* 
~ ~ t - 1 ,  ~ p t - 1 ,  9*t-I ,  ~ c t - 1 ,  q t - 1 ,  ( H t - 1 - H  t - I ) ,  

Ht-1, Nt-1, f k - 1 ,  K t ,  Bt ,S(Kt) ,  Dt - I ,  ITCt-1 ,  Bt -1 ,  

t ime( t rend1 ,  l ( c o n s t a n t ) ,  W t - l ,  y t - l ,  f!-l. 

Est imates o f  Parameters i n  t he  E u l e r  Equat ions and t he  Wage B i l l  
(express ions C111, C121, C131, C151, and C81) 

i n t e r c e p t  i n  wage b i l l  f u n c t i o n  

ove r t ime  premium 

p r o d u c t i o n  worker e l a s t i c i t y  

p r o d u c t i o n  hours e l a s t i c i t y  

nonproduc t ion  worker e l a s t i c i t y  

p h y s i c a l  c a p i t a l  e l a s t i c i t y  

p r o d u c t i o n  l a b o r  ad justment  c o s t  

hours  ad justment  c o s t  

nonproduc t ion  worker ad justment  c o s t  

c a p i t a l  ad justment  c o s t  

marg ina l  c o s t  o f  bo r row ing  w i t h  
r espec t  t o  book deb t lbook  c a p i t a l  

NOTE: Asymptot ic  t - s t a t i s t i c s  a re  i n  parentheses. 
Number o f  obse rva t i ons :  104. 



Table 2 

Estimates of Parameters in the Euler Equation for Physical Capital, 
Expression (15) 

Period: 1954:IIIQ-1968:IIQ 1968:IIIQ-198O:IIQ 1954:IIIQ-198O:IIQ 

Parameter Estimates Including v l  

SSR 7.328 6.813 22.261 

NOBS 56 4 8 104 

Parameter 

a K 

Estimates Excluding v l  

SSR 

NOBS 

NOTE: Asymptotic t-statistics are in parentheses. 
SSR: Sum of squared residuals. 
NOBS: Number of observations. 



Footnotes 

1. Haugen and Senbet (1986) p rov ide  a  u s e f u l  rev iew o f  t h i s  l i t e r a t u r e .  

2. The t h e o r e t i c a l  importance o f  c o l l a t e r a l  i n  a  genera l  e q u i l i b r i u m  model 
has been i n v e s t i g a t e d  by Bernanke and G e r t l e r  (1986). I n  t h e i r  model, t h e  
agency c o s t  o f  investment i s  lower w i t h  g rea te r  c o l l a t e r a l .  

3. I assume t h a t  a l l  workers work H,* s t r a i g h t- t i m e  hours .  Wi th  t h e  da ta  I 
use, H, - H,* i s  always p o s i t i v e .  

4. w, i s  i n c l uded  t o  p e r m i t  a  more genera l  s p e c i f i c a t i o n  of t he  response 
o f  ove r t ime  wages t o  an inc rease  i n  hours.  

5. S h a p i r o ' s  s tudy d i f f e r s  f rom t h a t  mine i n  t h a t  he 
1) imposes ar + aL  + aN = 1, 
2 )  uses a  d i f f e r e n t  l i s t  o f  ins t ruments ,  
3) uses a  d i f f e r e n t  measure o f  t he  c o s t  o f  c a p i t a l ,  
4) assumes t h a t  max im iza t ion  o f  t h e  market va lue  o f  deb t  p l u s  e q u i t y  i s  t he  
o b j e c t i v e  o f  the  f i r m ,  i m p l y i n g  t h a t  T, and T, do n o t  e n t e r  t he  
problem, and 
5) s p e c i f i e s  t he  wage b i l l  f u n c t i o n  d i f f e r e n t l y . \  



Appendi x A 

Here we der ive  expression (1) i n  the t e x t .  This d e r i v a t i o n  f o l l o w s  

Summers ( 1  980). 

The r e t u r n  on the e q u i t y  o f  the  f i r m  has two components. One i s  . 
a f t e r - t a x  c a p i t a l  gains (1--r,)V. The o the r  i s  a f t e r- t a x  d iv idends 

1 - 1  The t o t a l  must equal the  r e t u r n  requ i red  by stockholders 

p, ad jus ted  f o r  the r a t e  o f  i n f l a t i o n .  This imp l i es  

To prevent  the s o l u t i o n  t o  ( A l l  f rom exploding, we assume 

- S ~ C ( ~ + ~ , ) I ( I - T , , ) I ~ U  
(A21 l i m  V, e  = 0. 

Then, the value o f  the f i r m ' s  e q u i t y  a t  t ime t can be w r i t t e n  as 

-S :C(~+~ , ) / (~ -T , ,> I~U 
(A3) Vt = SY C(l-~,,)lD1V,e ds. 

(I-Tcs) 

Second, we de r i ve  the expression f o r  dividends, embedded i n  expression 

(101, i n  the t e x t .  F i r s t ,  note t h a t  revenues equal the sum o f  wages, nonwage 

payments t o  labor ,  taxes, i n t e r e s t ,  d iv idends,  and re ta ined  earn ings.  



Next, as i nd i ca ted  i n  expression (9 )  i n  the t e x t ,  a l l  investment i s  

f inanced through r e t a i n e d  earnings, new debt issue, o r  the dec l i ne  i n  the r e a l  

burden of debt due t o  i n f l a t i o n .  The term ptBt  i s  the  revenue accru ing t o  

the f i r m  because the bonds are  assumed t o  be denominated i n  nominal terms. 

S u b s t i t u t i n g  fo r  RE i n  (A41 and so l v ing  f o r  RE y i e l d s  expression (10) .  

Expression ( A 3 )  imp l i es  t h a t  the  c a p i t a l  gains tax  r a t e  i n f l uences  the value 

o f  the f i r m  o n l y  if the value o f  the f i r m  i s  expected t o  change. For example, 

suppose a l l  terms en te r i ng  i n t o  V o  are constant.  Then ( A l l  can be solved as 

f o l  1  ows : 



However, suppose t h a t  a t  t ime  T > 0 d i v i dends  increased.  Then t h e  va lue  

o f  the f i r m  a t  t ime  T  w i l l  r i s e ,  i m p l y i n g  c a p i t a l  ga i ns  between t ime  0 

and t ime T. In t h i s  case, t h e  va lue  o f  t h e  firm a t  t ime  0 can be w r i t t e n  

Th is  i m p l i e s  t h a t  a [ < a V o / a D i v > l  < 0. 
a ~ ,  



Appendix B 

The f i r s t - o r d e r  cond i t i on  f o r  product ion employment (111, can be solved 

subject  t o  the t r a n s v e r s a l i t y  cond i t i on  (16) and the  i n i t i a l  c o n d i t i o n  t o  

y i e l d  a dec is ion  r u l e  f o r  product ion employment. Assuming a l l  terms i n  

expression ( 1 1 )  o the r  than L t + l  are i n  the i n fo rma t ion  se t  a t  the  s t a r t  of 

per iod  t, I can rep lace expression (11) w i t h  the  f o l l o w i n g  expression: 

This can be r e w r i t t e n  as 

where G i s  the l a g  operator .  I have assumed t h a t  Al, and A2, are i n  the 

in format ion se t  a t  the s t a r t  o f  pe r iod  t. Al, and A,, are de f ined as 

f o l  1 ows : 



Expression (B2) can be r e w r i t t e n  as 

I n  o rde r  t o  s a t i s f y  t h e  t r a n s v e r s a l i t y  c o n d i t i o n  (161, I must so l ve  e i t h e r  

forward o r  backward, depending on t he  magnitude of  AZ t /A l t .  Below, I 

assume t h a t  Az t /A l t  < 1. 

Es t ima t i on  o f  express ion  (86) r a t h e r  than  t h e  Eu le r  equa t ion  (11) would 

be compl icated by a  v a r i e t y  of f a c t o r s .  F i r s t ,  s i nce  A Z t / A l  may va ry  

through t ime,  i t  i s  p o s s i b l e  t h a t  f o r  a  g i ven  t, f o r  example to, (85) would 

have t o  be so lved  f o rwa rd  w h i l e  f o r  another  t, tl, (B5) would have t o  be 

so lved  backward. Second, e s t i m a t i o n  of express ion  (85) would r e q u i r e  a  

s p e c i f i c a t i o n  o f  t h e  f o rm  o f  t he  expec ta t i ons  appear ing  on t h e  r i g h t  s i d e .  



Appendix C 

A l l  o f  the  da ta  employed are seasonal ly  adjusted,  q u a r t e r l y  data 

measured a t  q u a r t e r l y  r a t e s  and p e r t a i n i n g  t o  a l l  manufactur ing, except 

where noted. 

Kt i s  t he  s tock of  phys ica l  c a p i t a l  ( b i l l i o n s  o f  1967 d o l l a r s )  a t  

the s t a r t  o f  pe r i od  t. I t  i s  ca l cu la ted  by the  perpetual  i nven to ry  

met hod : 

Kt = Kt-1 - dKt-1 + It-l/IMPDEF,-1. 

d  i s  a  f i x e d  (d, = d  f o r  a l l  t) r a t e  o f  phys ica l  d e t e r i o r a t i o n  f o r  

s t ruc tu res  and equipment i n  a l l  manufactur ing est imated by Jorgenson and 

Stephenson (1967). It i s  investment on new p l a n t  and equipment i n  

manufactur ing pub l i shed by the  Bureau o f  Economic Analys is  (BEA), and 

IMPDEF i s  t he  investment p r i c e  d e f l a t o r  f o r  f i x e d  non res iden t i a l  

investment expendi tures publ ished by BEA i n  the  Survey of Current  

Business (SCB). The n e t  add i t i ons  t o  the  c a p i t a l  s tock  are expressed i n  

1967 p r i ces .  The s t a r t i n g  value f o r  K, K Iqs4 :  10, i s  the  v e t  s tock of 

s t ruc tu res  and equipment i n  manufactur ing a t  the end o f  1953 i n  1967 

p r i c e s  as pub l i shed i n  SCB. 

L t  i s  the  average number o f  p roduc t ion  workers ( i n  m i l l i o n s )  

employed i n  a  g iven qua r te r .  I t  i s  ob ta ined by averaging the  monthly 

data pub l i shed by the  Bureau o f  Labor S t a t i s t i c s  i n  Employment and 

Earnings ( E E ) .  I n  o rder  t h a t  a l l  terms i n  the  Euler  equat ions and the 

expression f o r  the  cash f l o w  be i n  b i l l i o n s  o f  d o l l a r s ,  I m u l t i p l y  L  by 

.001. 

N, i s  t he  average number o f  nonproduct ion employees ( i n  m i l l i o n s )  



over  t h e  q u a r t e r .  The month ly  number i s  c a l c u l a t e d  as t h e  d i f f e r e n c e  

between t o t a l  employment and p r o d u c t i o n  worker employment f o r  t h e  

manufac tu r ing  sec to r .  The q u a r t e r l y  l e v e l  i s  t h e  average o f  t h e  l e v e l s  

f o r  t he  t h r e e  months i n  t h e  q u a r t e r .  The source i s  EE. As f o r  L, N must 

be m u l t i p l i e d  by .001 i n  t h e  Eu le r  equa t ions .  

q, i s  t h e  q u i t  r a t e  f o r  employment. I t  i s  pub l i shed  i n  EE on a  

monthly,  seasona l l y  unad jus ted  bas i s .  I seasona l l y  a d j u s t  t he  a r i t h m e t i c  

average o f  t h e  three-month da ta  i n  each q u a r t e r  u s i n g  an X-11 seasonal 

ad justment  procedure.  

H, i s  t he  average number of hours  per  week f o r  p roduc t i on  

employment. I use t he  average o f  weekly hours ove r  t h e  q u a r t e r .  H, 

which i n c l u d e s  over t ime hours,  i s  pub l i shed  i n  EE. I n  o r d e r  t h a t  a l l  

terms i n  t h e  Eu le r  equa t ions  and t h e  express ion  f o r  cash f l o w  be a t  

q u a r t e r l y  r a t e s ,  I m u l t i p l y  H by t h e  average number o f  weeks i n  a  q u a r t e r .  

H, - H*, i s  the  number o f  ove r t ime  hours per  p r o d u c t i o n  employee 

per  week. Th i s  se r i es  i s  a v a i l a b l e  i n  EE. As f o r  H,  t h i s  s e r i e s  i s  

sca led  up by t h e  average number o f  weeks per  q u a r t e r .  

W ,  i s  t h e  average h o u r l y  wage r a t e  f o r  p roduc t i on  workers.  Th i s  

i s  c a l c u l a t e d  as t he  average o f  t h e  month ly  da ta  ove r  t h e  q u a r t e r .  The 
b 

month ly  d a t a  a re  pub l i shed  i n  EE. W t  excludes ove r t ime  payments. 

W*,  i s  t he  average h o u r l y  wage r a t e  f o r  p r o d u c t i o n  workers 

i n c l u d i n g  over t ime.  The q u a r t e r l y  average i s  c a l c u l a t e d  as an average o f  

t he  month ly  averages. The da ta  a re  pub l i shed  i n  EE. S ince these d a t a  a r e  

a v a i l a b l e  o n l y  f r om  1956 onward, I e x t r a p o l a t e  back t o  1954 by 1 )  

r e g r e s s i n g  t h e  a v a i l a b l e  da ta  on a  cons tan t  and a  t r end ,  2)  u s i n g  t h e  

es t ima ted  t r e n d  c o e f f i c i e n t  t o  e x t r a p o l a t e  backwards f r om the  es t ima ted  

i n t e r c e p t .  Since t h i s  s e r i e s  i s  a v a i l a b l e  o n l y  on an unadjusted bas i s ,  



the  e n t i r e  ser ies  f rom 1954 onward was seasonal ly adjusted us ing  an X-11 

procedure. 

f: i s  the f i x e d  payment per p roduc t ion  employee ( b i l l i o n s  of 

d o l l a r s  per m i l l i o n  employees). This i s  ca l cu la ted  f rom q u a r t e r l y  

Nat iona l  Income and Product Account data. I c a l c u l a t e  the t o t a l  f i x e d  

cos t  t o  the  sum o f  p roduc t ion  and nonproduction employees as t h e  

d i f ference between t o t a l  compensation and the sum o f  wages and s a l a r i e s  

and employer c o n t r i b u t i o n s  t o  soc ia l  insurance. This  t o t a l  i s  then 

d i v i d e d  by t o t a l  employment t o  y i e l d  f,. 

f: i s  the  f i x e d  cos t  per nonproduct ion employee ( b i l l i o n s  o f  

d o l l a r s  per  m i l l i o n  employees). This  i s  ca l cu la ted  as f: p lus  a  

s a l a r y  component. The sa la ry  component i s  ca l cu la ted  as wages and 

s a l a r i e s  minus wages p a i d  t o  p roduc t ion  employees, then d i v i d e d  by the 

average l e v e l  o f  nonproduct ion employment. The wage b i l l  f o r  p roduc t i on  

employment i s  the product  o f  average h o u r l y  wages, the  number of  

p roduc t i on  employees, and the  average hours per p roduc t ion  employee per  

q u a r t e r .  

p i s  the r e a l  r a t e  o f  r e t u r n  requ i red  by s tockholders over  a  

q u a r t e r .  This  i s  ca l cu la ted  f rom data  on common stock r e t u r n s  pub l i shed 

by Ibbotson and Sinquefe ld (1982). I t  i s  the d i f f e r e n c e  between the  

q u a r t e r l y  t o t a l  r a t e  o f  r e t u r n  on common stocks and the q u a r t e r l y  r a t e  of 

change i n  the consumer p r i c e  index. The q u a r t e r l y  t o t a l  r a t e  of  r e t u r n  

i s  K T  where (1  + K T )  
2 7 x 4  = the r a t i o  between the  end-of-1980 

index  on t o t a l  r e t u r n s  on common stock and the end-of-1953 index on t o t a l  

r e t u r n s .  The q u a r t e r l y  r a t e  o f  change i n  the  consumer p r i c e  index i s  

c a l c u l a t e d  as K P  where (1  + K P ) ~ ' " ~  = the  r a t i o  between the  end 

of 1980 consumer p r i c e  index and the  end o f  1953 consumer p r i c e  index. 



Thus, p i s  a q u a r t e r l y  r a t e  o f  r e t u r n  constant  f rom 1954 t o  1980. p 

i s  c a l c u l a t e d  f rom seasonal ly  unadjusted data. 

p t  i s  the  r a t e  o f  change i n  the  consumer p r i c e  index f o r  urban 

workers over  pe r i od  t. This  i s  a v a i l a b l e  i n  SCB. 

T, i s  the  marginal personal d iv idend income tax  r a t e .  This 

se r i es  i s  ca l cu la ted  by E s t r e l l a  and Fuhrer (1983) f rom annual i n d i v i d u a l  

income tax  r e t u r n s .  Thus, T~ i s  a v a i l a b l e  o n l y  on an annual bas is .  

I assume t h a t  the  r a t e  f o r  each qua r te r  i s  equal t o  the  r a t e  f o r  t he  

e n t i r e  year .  

T, i s  the  personal c a p i t a l  ga ins tax  r a t e .  I f o l l o w  Summers' 

(1980) and B a i l e y ' s  (1969) t reatment  o f  the e f f e c t  o f  d e f e r r a l  and the  

l a c k  o f  c o n s t r u c t i v e  r e a l i z a t i o n  a t  death on the e f f e c t i v e  tax  r a t e .  

B a i l e y  concludes t h a t  f rom 1932 to 1969, each o f  these f a c t o r s  halved the  

e f f ec t i ve  r a t e .  Since over  t h i s  pe r i od  the s t a t u t o r y  tax  r a t e  on c a p i t a l  

ga ins was h a l f  t h a t  on d iv idends,  I use 12.5 percent  o f  the  d iv idend tax  

r a t e  f rom E s t r e l l a  and Fuhrer as T, f o r  1954 t o  1969. I f o l l o w  

Summers and c i t e  the es t imate  o f  t he  NBER TAXSIM model t h a t  the  1969 

c a p i t a l  ga ins re fo rm made the  r a t e  50 percent  h igher  o r  18.75 percent  o f  

the  d iv idend r a t e .  

T, i s  t he  corpora te  p r o f i t s  t ax  r a t e .  I use the  s t a t u t o r y  

corpora te  p r o f i t  tax  r a t e  as pub l i shed i n  Pechman (1983). I assume t h a t  

q u a r t e r l y  r a t e s  a re  equal t o  t he  annual r a t e .  

y t  i s  the  ou tpu t  o f  the  manufactur ing sec tor  ( b i l l i o n s  o f  

do1 l a r s ) .  I use the  Federal Reserve Board's index o f  manufactur ing 

p roduc t i on  and i n f l a t e  t he  produc t  o f  y  and a so t h a t  the  average o f  

a and y f o r  1967 equals ac tua l  1967 manufactur ing ou tpu t .  1967 

manufacturing ou tpu t  i s  c a l c u l a t e d  as equal t o  1967 value o f  shipments 



p l u s  the change i n  manufactur ing i nven to r i es  over 1967. Both the 

shipments and inventory  da ta  are  publ ished by BEA i n  Business 

S t a t i s t i c s .  Both are  unadjusted f o r  seasonal v a r i a t i o n .  The inventory  

da ta  i s  on a  book value bas is .  I seasonal ly a d j u s t  y  us ing  an X-11 

procedure. The product ion  index i s  publ ished monthly, and I use the 

average l e v e l  o f  the index over  the quar te r .  

a i s  the p r i c e  o f  manufacturers'  goods. I use the Producer P r i ce  

Index f o r  manufactur ing pub l ished i n  Business S t a t i s t i c s .  This index i s  

publ ished on a  monthly basis ,  and I use the average index l e v e l  f o r  the 

quar te r .  Since t h i s  index i s  ava i l ab le  o n l y  on an unadjusted basis,  I 

ad jus t  the q u a r t e r l y  data us ing  an X-11 procedure. 

B i s  the p r i c e  o f  investment goods. I use the  i m p l i c i t  p r i c e  

d e f l a t o r  f o r  f i x e d  investment f o r  the non res iden t i a l  sec tor .  R i s  based 

so t h a t  the product o f  R and I i s  measured i n  1967 d o l l a r s .  

I i s  investment i n  p l a n t  and equipment. As i n d i c a t e d  above, I use 

BEA's measure o f  investment expenditure on p l a n t  and equipment. 

ITCt i s  the investment t ax  c r e d i t  a t  t ime t f rom one d o l l a r  o f  

investment expenditure a t  t ime t. I use the se r ies  ca l cu la ted  by 

Jorgenson and S u l l i v a n  (1981) f o r  the e n t i r e  corporate sec tor .  Thei r  

se r i es  takes account o f  the  d i s t r i b u t i o n  o f  investment between s t ruc tu res  

and equipment as we l l  as the d i s t i n c t i o n  between usable and unusable tax  

c r e d i t s .  This se r i es  i s  thus an " e f f e c t i v e "  tax  c r e d i t  r a t e .  I t  i s  

publ ished on an annual bas is ,  and I assume the q u a r t e r l y  r a t e s  are equal 

t o  the annual r a t e .  

D t  i s  the present  va lue a t  t ime t o f  a l l  cu r ren t  and f u t u r e  

dep rec ia t i on  deductions f rom one d o l l a r  o f  investment a t  t ime t. 

Jorgenson and S u l l i v a n  p u b l i s h  t h i s  ser ies  on an annual basis .  I assume 



t h a t  t he  q u a r t e r l y  r a t e s  equal t h e  annual r a t e .  Jorgenson and S u l l i v a n  

c a l c u l a t e  t h e i r  s e r i e s  f r om  a  s i m u l a t i o n  o f  t h e  c o r p o r a t e  sec to r  t a k i n g  

account o f  the  d i s t r i b u t i o n  o f  investment  across inves tment  types.  They 

a l s o  take  i n t o  account evidence r e g a r d i n g  accoun t ing  p r a c t i c e s ,  c a p i t a l  

l i f e t i m e s ,  and salvage va lues.  

( ( K t )  i s  t h e  book va lue  o f  c a p i t a l  a t  t ime  t ( b i l l i o n s  o f  

d o l l a r s ) .  I use t h e  s e r i e s  on t he  book va lue  o f  " dep rec i ab le  and 

amor t i zab le  f i x e d  asse ts ,  i n c l u d i n g  c o n s t r u c t i o n  i n  p rogress"  pub l i shed  

i n  the  Q u a r t e r l y  F i n a n c i a l  Report  (QFR) by t he  Bureau o f  t he  Census. The 

da ta  were supp l i ed  by  Data Resources I n c .  Below I d i scuss  how I 

compensated f o r  severa l  d i s c o n t i n u i t i e s  w i t h i n  t h e  s e r i e s .  A f t e r  t h i s  

adjustment,  I seasona l l y  a d j u s t  t h e  data.  

B, i s  t he  book va lue  o f  debt  ( b i l l i o n s  o f  d o l l a r s ) .  I use t he  

s e r i e s  on s h o r t  term deb t  ( " o r i g i n a l  m a t u r i t y  o f  1  yea r  o r  l e s s " ) ,  

" i n s t a l l m e n t s  due i n  one year  o r  l e s s  on l ong  te rm deb t "  and " l o n g  te rm 

deb t "  (due i n  more t han  one year )  pub l i shed  i n  t h e  QFR. I a d j u s t  f o r  

d i s c o n t i n u i t i e s  i n  these s e r i e s  and then  seasona l l y  a d j u s t  t h e  t o t a l  o f  

these se r i es .  Thus, B, excludes " t r a d e  accounts"  and " de fe r red  taxes"  

and o t h e r  l i a b i l i t i e s .  

The QFR s e r i e s  on t he  book va lue  o f  deb t  and t h e  book va lue  o f  t he  

c a p i t a l  s tock  con ta ined  two breaks i n  c o n t i n u i t y .  I n  1967 newspapers 

were added t o  the  sample and DRI d i d  n o t  con t inue  t h e  s e r i e s  fo rward .  I n  

1974 t he  e n t i r e  sampl ing procedure and q u e s t i o n n a i r e  were changed, 

caus ing another  break i n  t h e  s e r i e s .  A v i s u a l  examina t ion  o f  t h e  s e r i e s  

suggested t h a t  I make a  l e v e l  ad justment  f o r  t he  1973:IVQ t o  1974:IQ 

break. I accomplished t h i s  us i ng  t he  o v e r l a p  d a t a  a v a i l a b l e  f o r  those 

two qua r t e r s .  
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