
Working Paper 8705 

AN ANALYSIS OF CAUSAL RELATIONS AMONG 
INFLATION, FINANCIAL STRUCTURE, TOBIN'S q 
AND INVESTMENT 

by W i  11 iam P. Osterberg 

W i l l i a m  P. Os te rberg  i s  an economist a t  
t he  Federa l  Reserve Bank of  C leve land.  
Th is  paper i s  based on t h e  t h i r d  chap te r  
o f  t h e  a u t h o r ' s  Ph.D. d i s s e r t a t i o n .  The 
au tho r  thanks t he  members of h i s  
d i s s e r t a t i o n  committee, C h r i s  F l i n n ,  
Mark G e r t l e r ,  and Don Hester  f o r  numerous 
h e l p f u l  comments and suggest ions.  

Working Papers o f  t he  Federal  Reserve Bank 
o f  C leve land  a re  p r e l i m i n a r y  m a t e r i a l s  
c i r c u l a t e d  t o  s t i m u l a t e  d i scuss ion  and 
c r i t i c a l  comment. The views s t a t e d  h e r e i n  
a re  those  o f  t he  au thor  and n o t  
n e c e s s a r i l y  those o f  t h e  Federal  Reserve 
Bank of Cleve land o r  o f  t h e  Board o f  
Governors o f  t he  Federal  Reserve System. 

June 1987 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Research Papers in Economics

https://core.ac.uk/display/6986923?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


A b s t r a c t  

I n  t h i s  paper,  causal  r e l a t i o n s  among i n f l a t i o n ,  t he  deb t- equ i t y  
r a t i o ,  Tob in ' s  q, and investment  a re  examined. The hypotheses t h a t  a re  
t e s t e d  a re :  a) t h a t  i n f l a t i o n  i s  s t r u c t u r a l l y  n e u t r a l  w i t h  r e s p e c t  t o  
investment  and q, b u t  n o t  the  deb t- equ i t y  r a t i o ;  b)  t h a t  t h e r e  i s  
ins tantaneous c a u s a l i t y  between i n f l a t i o n  and t he  deb t- equ i t y  r a t i o ,  
between i n f l a t i o n  and q, between i n f l a t i o n  and investment  and between q  
and investment ;  c )  t h a t  t he re  i s  no feedback f r om the  v e c t o r  comprised o f  
i n f l a t i o n  and t h e  deb t- equ i t y  r a t i o  t o  t he  v e c t o r  comprised o f  q  and 
investment ;  and d l  t h a t  t he re  i s  no shor t- run  feedback f r om i n f l a t i o n  t o  
t h e  deb t- equ i t y  r a t i o ,  f rom i n f l a t i o n  t o  q, o r  f r om  i n f l a t i o n  t o  
investment .  I a l s o  t e s t  f o r  Granger- causa l i t y  f r om  q  t o  i n f l a t i o n ,  f r om  
t h e  deb t- equ i t y  r a t i o  t o  i n f l a t i o n ,  and f r om investment  t o  i n f l a t i o n .  

I n  t he  i n t r o d u c t o r y  s e c t i o n  o f  t h i s  paper, methods f o r  a n a l y z i n g  t h e  
impact  o f  i n f l a t i o n  on f i n a n c i a l  markets a re  discussed. I n  s e c t i o n  11, 
t h e o r e t i c a l  and e m p i r i c a l  s t u d i e s  t h a t  desc r i be  r e l a t i o n s  among 
i n f l a t i o n ,  f i n a n c i a l  markets,  and investment  a re  rev iewed.  I n  s e c t i o n  
111, a  model i s  p resen ted  and i n  s e c t i o n  I V  t h e  mode l ' s  p r e d i c t i o n s  o f  
causal  r e l a t i o n s  a r e  discussed. Sec t i on  V  r e p o r t s  methods employed i n  
t h e  essay. Sec t i on  V I  descr ibes  t h e  e m p i r i c a l  r e s u l t s .  I n  s e c t i o n  V I I ,  
f i n d i n g s  a re  i n t e r p r e t e d  and conc lus ions  f o r  f u t u r e  research  a r e  
d iscussed.  



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

The con junc t i on  o f  h i g h  i n f l a t i o n  r a t e s ,  poor investment  performance, 

low q, and h i g h  deb t- equ i t y  r a t i o s  i n  the  l a t e  1960s and e a r l y  1970s l e d  

to  numerous s t u d i e s  o f  t he  impact o f  i n f l a t i o n  on f i n a n c i a l  markets and 

investment .  None o f  these s tud ies ,  however, has d i s t i n g u i s h e d  

e m p i r i c a l l y  between long-  and sho r t- run  e f f e c t s  o f  i n f l a t i o n .  

There a re  a  v a r i e t y  o f  t h e o r e t i c a l  reasons why the  shor t- run  r e l a t i o n  

between i n f l a t i o n  and f i n a n c i a l  v a r i a b l e s  may d i f f e r  f r om  the  long- run 

r e l a t i o n .  Accord ing t o  M o d i g l i a n i  and Cohn (19791, i n v e s t o r s  may l e a r n  

to  i nco rpo ra te  i n f l a t i o n  i n  t h e i r  v a l u a t i o n s  o f  e q u i t i e s  c o r r e c t l y .  

Summers (1983) develops a  t h e o r e t i c a l  model o f  Tob in ' s  q  t h a t  shows how 

t h e  shor t- run  r e l a t i o n  between i n f l a t i o n  and q  depends on t h e  sources o f  

t h e  shocks t o  i n f l a t i o n .  I n  a d d i t i o n ,  dynamic t h e o r i e s  o f  investment  

o f t e n  y i e l d  ambiguous p r e d i c t i o n s  r ega rd i ng  t he  shor t- run  responses o f  

endogenous v a r i a b l e s  t o  shocks ( f o r  example see Brock and Turnovsky 

11981 I ) .  

I n  t h i s  paper,  a  genera l  e q u i l i b r i u m  model o f  investment  and 

f i n a n c i a l  s t r u c t u r e  i s  presented.  Firms choose a  h i ghe r  deb t- equ i t y  

r a t i o  g i ven  h i ghe r  i n f l a t i o n  s i nce  nominal i n t e r e s t  payments may be 

deducted f rom taxab le  income by co rpo ra t i ons .  An i n t e r i o r  s o l u t i o n  f o r  

t h e  deb t- equ i t y  r a t i o  a r i s e s  f r om  a  combinat ion o f  an agency c o s t  of debt  

and a  t a x  advantage of deb t .  The comparat ive s t a t i c s  r e s u l t s  and 

o p t i m a l i t y  c o n d i t i o n s  o f  t h e  model imp l y  a  s e t  o f  p r e d i c t i o n s  r ega rd i ng  

r e l a t i o n s  among contemporaneous and lagged va lues o f  q, t h e  deb t- equ i t y  

r a t i o ,  i n f l a t i o n ,  and investment .  



The i n f l u e n c e s  o f  lagged and c u r r e n t  values a re  d i sen tang led  by 

e s t i m a t i n g  measures o f  Granger- causa l i t y  and ins tantaneous c a u s a l i t y .  

The long-  and shor t- run  e f f e c t s  o f  i n f l a t i o n  on q, on t h e  deb t- equ i t y  

r a t i o ,  and on investment  a re  t e s t e d  by e s t i m a t i n g  measures of feedback a t  

va r i ous  f requenc ies .  A l though  q  i n  t heo ry  i nco rpo ra tes  a l l  i n f o r m a t i o n  

r e l e v a n t  f o r  investment ,  g i ven  p o t e n t i a l  problems w i t h  measur ing q i t  may 

be u s e f u l  t o  focus  i n s t e a d  on t he  r o l e  o f  f i n a n c i a l  s t r u c t u r e  i n  l i n k i n g  

i n f l a t i o n  t o  investment .  



R e l a t e d  L i t e r a t u r e  

T h e o r e t i c a l  ana lyses o f  t h e  impact  o f  i n f l a t i o n  on f i n a n c i a l  markets  

g e n e r a l l y  f o c u s  on e i t h e r  q  or t h e  c o s t  o f  c a p i t a l  as t h e  channel  t h r o u g h  

which i n f l a t i o n  a f f e c t s  i nves tmen t .  T h e o r e t i c a l  ana lyses  o f  t h e  e f f e c t s  

o f  i n f l a t i o n  on q  have been conducted by Summers (1980, 1983).  Summers 

(1980) i n c o r p o r a t e s  i n f l a t i o n  i n  a  d e t e r m i n i s t i c  q  model. Summers (1983) 

deve lops a  s t o c h a s t i c  q  model. I n  n e i t h e r  case i s  t h e r e  a  r o l e  f o r  

f i n a n c i a l  s t r u c t u r e .  As i n  t h e  q  models developed by Hayashi (1982) and 

Yoshikawa (19801, i n  Summers' models q  i n c o r p o r a t e s  a l l  i n f o r m a t i o n  

r e l e v a n t  t o  i nves tmen t  d e c i s i o n s .  I f  i n f l a t i o n  a f f e c t s  f i n a n c i a l  

s t r u c t u r e  and t h e  c o s t  o f  c a p i t a l ,  i t  w i l l  a f f e c t  q  and t h u s  investment .  

T h e o r e t i c a l  ana lyses o f  t h e  impact  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  have been r e p o r t e d  by Cordes and S h e f f r i n  (19831, Gordon and 

M a l k i e l  (1981),  and Lewe l len  and McConnell (1979).  These ana lyses i m p l y  

t h a t  h i g h e r  i n f l a t i o n  r a t e s  a r e  a s s o c i a t e d  w i t h  h i g h e r  d e b t- e q u i t y  r a t i o s  

s i n c e  c o r p o r a t e  i n t e r e s t  d e d u c t i o n s  a r e  based on nominal  r a t h e r  than  on 

r e a l  i n t e r e s t  payments. 

Summers (1983) o f f e r s  t h e  o n l y  a n a l y s i s  o f  t h e  impac t  o f  i n f l a t i o n  o n  

f i n a n c i a l  markets  d i s t i n g u i s h i n g  between long-  and s h o r t- r u n  e f f e c t s .  He 

i s o l a t e s  t h e  long- run  e f f e c t  of  i n f l a t i o n  on i n t e r e s t  r a t e s  and e q u i t y  

r e t u r n s ,  u s i n g  a  band- spect ra l  t echn ique  suggested by Engle  (1974).  He 

f i n d s  t h a t  i n f l a t i o n  i s  n o t  i n c o r p o r a t e d  i n  e q u i t y  r e t u r n s  a t  low 

f r e q u e n c i e s  so as to  compensate s t o c k h o l d e r s  i n  r e a l  te rms.  

The a n a l y s i s  of  feedback ( c a u s a l i t y )  has been deve loped by  Geweke 

(1982a,1986). L i n e a r  dependence between two t i m e  s e r i e s ,  X t  and Y,, 



i s  equal t o  t he  sum o f  feedback f r om X, t o  Y , ,  feedback f r om Y ,  t o  

X , ,  and ins tantaneous feedback between X, and Y, .  The ex i s t ence  o f  

feedback f rom X,  t o  Y ,  i s  e q u i v a l e n t  t o  the  ex i s t ence  o f  

Granger- causa l i t y  f r om  X, t o  Y t .  There i s  ins tantaneous c a u s a l i t y  

( ins tan taneous  feedback) between X ,  and Y,  i f  they  a re  

contemporaneously c o r r e l a t e d  a f t e r  t he  e f f e c t s  o f  pas t  va lues of bo th  

v a r i a b l e s  have been removed. The d i r e c t i o n a l  feedback measures ( feedback 

from X, t o  Y , ,  o r  f r o m  Y, t o  X t >  can be decomposed by f requency  

t o  y i e l d  e m p i r i c a l  coun te rpa r t s  t o  long-  and shor t- run  feedback. 

Low-frequency feedback corresponds t o  long- run e f f e c t s .  Absence o f  

feedback from X, t o  Y ,  a t  ze ro  f requency i s  e q u i v a l e n t  t o  t h e  

s t r u c t u r a l  n e u t r a l i t y  o f  X, w i t h  r espec t  t o  Y ,  and i m p l i e s  t h a t  t he  

comparat ive s t a t i c s  m u l t i p l i e r  o f  X, w i t h  r espec t  t o  Y,  i s  ze ro .  



The Model 

The Consumer 

The i n f i n i t e l y - l i v e d  r e p r e s e n t a t i v e  consumer maximizes t h e  p resen t  

d iscounted va lue  o f  u t i l i t y .  U t i l i t y  i s  a f u n c t i o n  o f  consumption and 

r e a l  balances. Forma l l y ,  t h e  consumer's o b j e c t i v e  i s  t o  choose t he  

sequence 

w -I3 t 
C11 MAX S e x p  U ( c t , m t ) d t  

0 

s u b j e c t  t o  

-8t -8 t 
131 l i m  exp b t  > 0, l i m  exp ztE, > 0 and 

t- t +a 

C41 B(0) = Bo, E ( O >  = Eo, M(0) = M o ,  

where 

c t  = r e a l  p r i v a t e  consumption 

p: = ins tan taneous  a n t i c i p a t e d  r a t e  o f  i n f l a t i o n  

B, = nominal co rpo ra te  bonds 

b, = r e a l  co rpo ra te  bonds; = Bt/P, 

M, = nominal money balances 

m, = r e a l  balances; m, = Mt/Pt 

I3 = r a t e  o f  t ime  p re fe rence  

w, = r e a l  wage r a t e  



8, = real employment 

st = nominal ?nterest rate on corporate bonds 

Divt = real dividends 

dt = dividend payout rate; dt = Divt/ztEt 

zt = relative price of equity in terms of output 

Et = the number of shares of equity 

8 = the rate of return on consumption; 8 = B - u,,~/u, 

't = the lump sum tax 

qt = shadow price of physical capital (Tobin's q) 

pt = the growth rate of real balances; p = m/m 

Brock and Turnovksy (1981) discuss how transactions costs may imply that 

money appears in the utility function. I assume U, > 0 and sign(U,) = 

sign(m* - m) where m* is the satiation level of real balances (see Friedman 

C19691). 

Expression C21 indicates that the representative consumer makes 

consumption expenditures, purchases bonds, demands additional equity shares, 

and accumulates real balances. The consumer receives real income in the form 

of wage payments, interest payments and dividends. Inflation reduces the real 

value of debt and money holdings. I assume perfect competition, all 

expectations or forecasts are fulfilled, and all markets clear. Expression 

C31 provides bounds on debt and equity. Expression C41 provides initial 

conditions for debt, equity, and money. I assume that firms determine the 

amount of labor demanded. 

Since the consumer is concerned with real rates of return on debt and 

equity, both debt and equity will be held only if their real rates of return 

are equal. This equality is given by expression C51 where 8 is the rate of 



return on consumption; 8 = 13 - U,,;IU,. 

C51 s - pa = 8 = d + ZIZ. 

The Firm 

The representative firm maximizes the market value of debt plus equity. 

The firm is characterized by this objective and by expressions C61 - C111. 

C81 n = sb + T, Cy - w l  - sb - Y(I,K>l + RE + a(X)b + DIV 

ClOl K(0) = KO, ES(0) = Eo, B(0) = Bo 
b 

Clll I = RE + b + pab 

where 

p: = instantaneous anticipated rate of inflation 

B t  = nominal corporate bonds 

bt = real corporate bonds; bt = B,lP, 

13 = rate of time preference 

w t  = real wage rate 

C t  = real employment 

s t  = nominal interest rate on corporate bonds 

Divt = real dividends 

d t  = dividend payout rate; d t  = Divt/ztEt 

zt = relative price of equity in terms of output 



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

It = r e a l  investment  expend i tu res  

K t  = r e a l  s tock  o f  phys i ca l  c a p i t a l  

T t  = t he  cos t  o f  c a p i t a l  as d e r i v e d  i n  t he  t e x t  

y t  = t he  cash f l o w  o f  t h e  f i r m  

y, = r e a l  o u t p u t  

II, = r e a l  gross p r o f i t s  

Y(I,K) = r e a l  ad justment  c o s t  f r o m  investment  

T = corpora te  p r o f i t s  t a x  r a t e  

RE, = r e t a i n e d  earn ings  

X, = t he  debt  t o  e q u i t y  r a t i o ;  X  = b/zE 

a(X)b = c o s t  o f  m a i n t a i n i n g  t h e  bond p o r t f o l i o  

6 = t h e  r a t e  o f  d e p r e c i a t i o n  o f  t he  phys i ca l  c a p i t a l  s t ock  

The f i r m  maximizes t h e  market  va lue  o f  deb t  p l u s  e q u i t y  r a t h e r  than  j u s t  

t h e  market  va lue o f  e q u i t y .  Bond covenants and o t h e r  r e s t r i c t i o n s  on t h e  r e a l  

and f i n a n c i a l  a c t i v i t i e s  o f  t h e  f i r m  a re  assumed t o  f o r c e  t h e  f i r m  t o  t ake  

i n t o  account the  e f f e c t  o f  i t s  dec i s i ons  on t h e  market va lue  of  debt.  Wi thou t  

some mechanism t o  r e c o n c i l e  t h e  d i v e r g e n t  i n t e r e s t s  o f  s tockho lders  and 

bondholders ,  the  f i r m ' s  o b j e c t i v e  may n o t  be w e l l  de f ined .  Such i s  t h e  case, 

for example, i f  bankruptcy r i s k  in f luences  t h e  p r i c e s  o f  t he  i m p l i c i t  

Arrow-Debreu secur i  t i e s  (see Auerbach C19821, p.  53). 

The te rm a(X)b i n  express ion  C81 i s  an agency c o s t  due t o  bond covenants 

l i m i t i n g  bo th  t he  r e a l  and f i n a n c i a l  a c t i v i t i e s  o f  t he  f i r m .  I t  i s  assumed 

t h a t  a(0)  = 0, a 1 0  > 0, and a " ( )  > 0 .  As t h e  deb t- equ i t y  r a t i o  r i s e s ,  t h e  

covenants  t i g h t e n  s i nce  bondholders a re  a t  g r e a t e r  r i s k .  The t i g h t e n i n g  o f  t h e  



covenants i m p l i e s  g r e a t e r  cos ts  t o  t he  f i r m .  The combinat ion o f  t h i s  agency 

c o s t  w i t h  the  t ax  d e d u c t i b i l i t y  o f  i n t e r e s t  payments y i e l d s  an i n t e r i o r  

s o l u t i o n  f o r  t he  deb t- equ i t y  r a t i o .  

Y(I ,K> denotes t h e  r e a l  c o s t  t o  a d j u s t i n g  t he  c a p i t a l  s tock .  Both t h e  

p r o d u c t i o n  f u n c t i o n  and t h e  ad justment  c o s t  f u n c t i o n  a re  l i n e a r l y  

homogeneous. The p r o d u c t i o n  f u n c t i o n  e x h i b i t s  p o s i t i v e  b u t  d i m i n i s h i n g  

marg ina l  p r o d u c t i v i t i e s .  I t  i s  a l s o  assumed t h a t  t he  adjustment c o s t  f u n c t i o n  

can be w r i t t e n  as h ( I / K > I  and has t h e  f o l l o w i n g  p r o p e r t i e s :  h(O> = 0, h l (O>  > 

0,  and 2 h 1 ( I / K >  + ( I / K ) h l ( I / K >  > 0.  Thus, t h e  t o t a l  i n s t a l l a t i o n  c o s t  h ( I / K ) I  

i s  convex, a t t a i n i n g  i t s  minimum when I = O .  Express ion C71 d e f i n e s  r e a l  gross 

p r o f i t s  as revenue, minus t h e  wage b i l l  and ad justment  cos ts  of i n v e s t i n g .  

Express ion  [81  i n d i c a t e s  t h a t  gross p r o f i t s  a re  s p l i t  among i n t e r e s t ,  taxes,  

r e t a i n e d  earn ings,  d i v i dends ,  and t he  leverage  r e l a t e d  cos t ,  a(X>b.  

Express ion [91  i n d i c a t e s  t h a t  investment  e i t h e r  increases t h e  c a p i t a l  

s t o c k  o r  rep laces  worn-out c a p i t a l .  Express ion C l O l  s t a t e s  i n i t i a l  c o n d i t i o n s  

on t h e  c a p i t a l  s tock ,  t h e  bond supply ,  and t h e  e q u i t y  supply .  Express ion C l l l  

i n d i c a t e s  t h a t  gross inves tment  must be f i nanced  e i t h e r  through r e t a i n e d  

ea rn i ngs ,  debt  i s sue ,  o r  t h e  d e c l i n e  i n  t he  r e a l  va lue  o f  o u t s t a n d i n g  

d e b t .  ' I t  i s  assumed t h a t  no a d d i t i o n a l  e q u i t y  i s  issued. 

Man ipu la t i on  o f  e q u a l i t i e s  C61 - [Ill, toge the r  w i t h  express ion  C51, 

y i e l d s  a  d i f f e r e n t i a l  equa t i on  i n  t he  va lue  o f  t he  f i r m  t h a t  can be so lved,  

s u b j e c t  t o  a  t r a n s v e r s a l i t y  c o n d i t i o n ,  t o  y i e l d  express ion  C121. 



t 
-Sr(z)d.r: 

Q) 0 
El21 V o  = bo  + zoEo = S exp y ( t )  d t  

0 

r and y are def ined as fo l l ows :  

Formal ly,  the f i r m ' s  problem i s  t o  choose { K t ,  lt, b t  ) 
t=CO,Q)> 

so t o  maximize V o .  

The Government 

The government's income statement i d e n t i t y  i s :  

C151 + pam + T, Cy - w l  - 'Y(I,K) - s b l  + T = g  

The government sets the corporate tax  r a t e  (T,), the money growth r a t e  

(p = i l m ) ,  and i t s  l e v e l  o f  consumption (g ) ,  and a l lows the  lump-sum tax 

(TI t o  vary so as t o  s a t i s f y  the i d e n t i t y .  I assume t h a t  g  i s  exogenous and 

t h a t  consumers take the lump-sum tax  as pa ramet r i ca l l y  g iven.  

Pe r fec t  Fores igh t  E q u i l i b r i u m  

A p e r f e c t  f o r e s i g h t  e q u i l i b r i u m  i s  a  sequence o f  p r i c e s  and q u a n t i t i e s  f o r  

which no t iona l  demands and suppl ies f o r  bonds and e q u i t i e s  are  equal i n  t he  

present  and the f u t u r e .  This  equi 1 i br ium i s  described by the  op t ima l  i t y  

cond i t i ons  C161 - C201, the  d e f i n i t i o n s  of 8 and r (expressions C131 and 

C1411, and a  ma te r ia l  balance c o n s t r a i n t  (expression C211). 



The consumer's o p t i m a l i t y  cond i t i on  i s :  

The f i r m ' s  o p t i m a l i t y  cond i t ions  are: 

l i m  p tq tKt  = 0 = l i m  p t Q t b t  (T ransversa l i t y  Condi t ion)  
t* t* 

t 
SI'(z)dz 
0 

where p t  = exp 

Expression C161 s ta tes  t h a t  the r a t i o  o f  the marginal u t i l i t y  o f  cash t o  

t h a t  of consumption equals the nominal i n t e r e s t  r a t e .  Expression C171 s ta tes  

t h a t  the f i r m  equates marginal f a c t o r  cost  w i t h  marginal revenue product .  

Expression C181 states t h a t  marginal q, the shadow p r i c e  o f  i n s t a l  l e d  c a p i t a l  , 

d i f f e r s  from one by the a f t e r- t a x  dec l ine  i n  cash f l o w  due t o  adjustment costs 

f rom invest ing .  Expression C191 ind i ca tes  t h a t  the shadow r e t u r n  from ho ld ing  

c a p i t a l ,  q, p lus  the r e a l  a f te r- tax  increment t o  cash f l o w  f rom an e x t r a  u n i t  

o f  c a p i t a l ,  (1 - zP)(Fk - TK),  must equal the requ i red  r a t e  o f  

r e t u r n  on c a p i t a l ,  ( r  + 6)q. Expression C201 i s  the f i r s t - o r d e r  cond i t i on  

f o r  the debt- equity r a t i o :  ar/aX = 0. I t  i s  s t ra igh t fo rward  t o  show 

t h a t  8 + pa equals the nominal i n t e r e s t  r a t e .  Expression C201 ind ica tes  

t h a t  an increase i n  the a n t i c i p a t e d  i n f l a t i o n  r a t e  increases the  debt-equi t y  

r a t i o .  Expression C21 I i s  the mater ia l  balance cons t ra in t .  



Steady State 

I n  the  steady s ta te ,  consumption, the  c a p i t a l  s tock,  and the  r a t e  of i n f l a t i o n  

are constant .  Thus t h e  nominal money growth r a t e  i s  constant and p a = p = 

i l m ;  the  a n t i c i p a t e d  r a t e  o f  i n f l a t i o n  equals the  money growth r a t e .  These 

cond i t i ons  imp ly  t h a t  the  steady s t a t e  can be charac ter ized  by the  f o l l o w i n g  

equat ions : 

Comparative S t a t i c s  o f  an Increase i n  t h e  Money Growth Rate 

Expressions C241 and C261 imply ,  r espec t i ve l y ,  

From expression C251 i t  i s  c l e a r  t h a t  an increase i n  the  money-growth r a t e  

increases the  steady- state i n t e r e s t  r a t e  B + p and induces a  h igher  

debt- equ i ty  r a t i o :  axlap > 0. Expressions C251 and C291 imply  

arlap < 0. I n  a d d i t i o n ,  expression C231 imp l i es  t h a t  q re tu rns  t o  i t s  



o r i g i n a l  steady- state l e v e l .  I n  the long- run, the c a p i t a l  s tock w i l l  i nc rease 

a l though I I K  w i l l  r e t u r n  t o  6, the r a t e  o f  phys ica l  deprec ia t ion  o f  

c a p i t a l .  Expression C281, together  w i t h  aqlap = 0 and a6Idp = 0, 

imp l i es  expression C301 and t h a t  the c a p i t a l  s tock increases. 

The Model 's  Pred ic t ions  o f  Causal Relat ions 

Expressions [231 and C251 imply,  r e s p e c t i v e l y ,  t h a t  i n  the long- run, 

i n f l a t i o n  has no e f fec t  on q, and t h a t  X r i s e s  w i t h  an increase i n  

i n f l a t i o n .  I n  a d d i t i o n ,  i n  the long run  i n f l a t i o n  has no e f f e c t  on I I K  s ince  

I I K  re tu rns  t o  6. 

Absence o f  long- run e f f e c t  i s  equ iva len t  t o  s t r u c t u r a l  n e u t r a l i t y .  The 

correspondence between the  s t r u c t u r a l  n e u t r a l i t y  o f  X t  w i t h  respect  t o  Y, 

and the absence o f  feedback f rom X t  t o  Y, a t  zero  frequency i s  discussed 

i n  Geweke (1982a). 

The model a l s o  imp l i es  p r e d i c t i o n s  about instantaneous c a u s a l i t y .  

Expression C201, the  f i r s t - o r d e r  cond i t i on  for  the  debt- equi ty  r a t i o  i m p l i e s  

t h a t  there  w i  11 be instantaneous causal i t y  between i n f l a t i o n  and the  

debt- equi ty  r a t i o .  Since nominal r a t h e r  than r e a l  i n t e r e s t  payments a re  t a x  

deduc t i b le  f o r  corpora t ions ,  a h igher  i n f l a t i o n  r a t e  w i l l  be associated w i t h  a 

h igher  debt-equi t y  r a t i o .  Expression C181 imp1 i e s  instantaneous causal i t y  

between q and I I K .  Expressions C131, 1191, and C201 imply instantaneous 

c a u s a l i t y  between i n f l a t i o n  and q, and between i n f l a t i o n  and I I K .  Expression 

C191 can be i n teg ra ted ,  sub jec t  t o  the t r a n s v e r s a l i t y  cond i t ion ,  t o  show t h a t  



q, i s  equal t o  t h e  p resen t  va lue  o f  f u t u r e  a f t e r - t a x  marg ina l  p roduc ts  of 

c a p i t a l  n e t  o f  ad justment  cos t s .  Express ion C201 shows t h a t  t he  i n f l a t i o n  

r a t e ,  pa,  a f f e c t s  t h e  deb t- equ i t y  r a t i o  and express ion  C131 i n d i c a t e s  t h a t  

t he  deb t- equ i t y  r a t i o  a f f e c t s  t he  c o s t  o f  c a p i t a l ,  T. Since i n f l a t i o n  

a f f e c t s  r ,  i t  a f f e c t s  q and thus  I I K .  

Corresponding t o  t he  p r e d i c t i o n s  about ins tan taneous  c a u s a l i t y  a re  

p r e d i c t i o n s  r e g a r d i n g  t he  absence o f  d i r e c t i o n a l  feedback. '  There shou ld  be 

no d i r e c t i o n a l  feedback between i n f l a t i o n  and X, between i n f l a t i o n  and q, 

between i n f l a t i o n  and I I K ,  o r  between q and I I K .  

Both M o d i g l i a n i  and Cohn (1979) and Summers (1983) suggest t h a t  t h e  

shor t- run  r e l a t i o n s  between i n f l a t i o n  and q, between i n f l a t i o n  and X, and 

between i n f l a t i o n  and I I K  may d i f f e r  f r om  t h e i r  long- run coun te rpa r t s .  The 

n u l l  hypotheses t h a t  t h e r e  a re  no shor t- run  feedbacks f r om i n f l a t i o n  t o  X, 

from i n f l a t i o n  t o  q, o r  f r om  i n f l a t i o n  t o  I I K  a r e  t es ted .  

I n  a d d i t i o n ,  express ion  E181, i m p l i e s  t h a t  t h e r e  i s  no feedback f r o m  t h e  

v e c t o r  comprised o f  X and i n f l a t i o n  t o  t h e  v e c t o r  comprised o f  q and I I K ,  

and t h a t  t he re  i s  no ins tantaneous feedback between t h e  v e c t o r  comprised of 

X and i n f l a t i o n  t o  t h e  v e c t o r  comprised o f  q and I I K .  

Met hod01 ogy 

Es t ima t i on  o f  v e c t o r  au to regress ions  r e q u i r e s  a cho ice  o f  l a g  l e n g t h .  

Rather  than choose one l a g  l e n g t h  for t h e  e s t i m a t i o n ,  severa l  l a g  l eng ths  a r e  

u t i l i z e d ,  and t h e  s e n s i t i v i t y  o f  t h e  r e s u l t s  w i t h  r espec t  t o  t h e  l a g  l e n g t h  i s  

d iscussed.  S ince t he  da ta  a r e  q u a r t e r l y ,  l a g  l eng ths  of  2, 4, and 8 a r e  used. 

I n  o rde r  t h a t  t he  s e r i e s  analyzed be i n d e t e r m i n i s t i c ,  cons tan t  



e f f e c t s  a re  removed by r e g r e s s i  ng each s e r i  es (A1 nKt , A1 nP t ,  q t  , and 

A,; A i s  t h e  f i r s t  d i f f e r e n c e  ope ra to r )  on a cons tan t  and be fo re  

ana l yz i ng  t h e  r e s i d u a l s .  Much recen t  work has i n d i c a t e d  t h a t  

f i r s t - d i f f e r e n c i n g  i s  t o  be p r e f e r r e d  t o  t rend- removal as a p rewh i t en ing  

procedure. I n  p a r t i c u l a r ,  Nelson and Kang (1981) have po in ted  o u t  t h a t  

i n c l u s i o n  o f  a t ime  t r e n d  r a t h e r  than  f i r s t - d i f f e r e n c i n g  can i n t r oduce  

' spu r i ous  p e r i o d i c i t y . '  Kang (1985) has shown t h a t  de t rend ing  can a l t e r  t h e  

r e s u l t s  of Granger c a u s a l i t y  t e s t s .  

I n  o r d e r  t o  choose between f i r s t  d i f f e r e n c i n g  and i n c l u d i n g  t rends  i n  t h e  

es t ima t i on ,  a t e s t  developed by Dickey and F u l l e r  (1979) i s  app l i ed .  Each 

s e r i e s  i s  regressed  on a cons tan t ,  i t s e l f  lagged one p e r i o d ,  and an a r b i t r a r y  

number o f  lagged f i r s t  d i f f e r e n c e s .  F u l l e r  (1976) has t a b u l a t e d  t h e  

d i s t r i b u t i o n  o f  t h e  t e s t  s t a t i s t i c  f o r  t h e  hypo thes is  t h a t  t he re  i s  a u n i t  

r o o t .  I f  t h a t  hypo thes is  cannot be r e j e c t e d ,  t he  s e r i e s  a re  d i f fe renced  and 

then  t he  t e s t  i s  a p p l i e d  t o  t h e  d i f f e r e n c e d  s e r i e s .  

The es t ima tes  o f  t he  o v e r a l l  measures o f  feedback can be eva lua ted  w i t h  

t he  x2 d i s t r i b u t i o n  i f  the  d i s t u rbances  u, ,  u 2 ,  v , ,  and v, i n  

express ions C331 and C341 a re  i . i . d .  There i s  o b v i o u s l y  smal l  sample b i a s ,  

however, s i nce  by c o n s t r u c t i o n  t h e  feedback measures a r e  nonnegat ive.  A 

procedure developed by Geweke (see Geweke C19861, pp.9-10) i s  employed t o  

a d j u s t  t h e  feedback measures and t h e i r  f requency  decompostion f o r  smal l  sample 

b i a s .  Th i s  procedure y i e l d s  ad jus ted  p o i n t  es t imates  and 60 percen t  

conf idence i n t e r v a l s .  The w i d t h  o f  t h e  con f idence  i n t e r v a l s  i s  chosen i n  

r e c o g n i t i o n  of  t h e  smal l  sample ava i  l a b l e .  

I n t e r p r e t a t i o n  o f  t h e  es t ima tes  o f  feedback i s  d i f f i c u l t  f o r  two reasons.  

F i r s t ,  t h e r e  i s  no c l ea r- cu t  c r i t e r i o n  t o  choose l a g  l eng th .  Second, even t h e  



conf idence i n t e r v a l s  cons t ruc ted  w i t h  t he  smal l  sample ad justment  exceed 

zero .  Thus i t  i s  hard t o  t e s t  hypotheses c l a i m i n g  t h a t  feedback i s  zero.  

Since t h e r e  i s  no c l e a r- c u t  c r i t e r i o n  a v a i l a b l e  t o  choose l a g  leng th ,  t h e  

feedback measures f o r  d i f f e r e n t  l a g  leng ths  a re  eva lua ted .  Ambigu i t y  a r i s i n g  

from the  n e c e s s i t y  o f  l o o k i n g  a t  more than one l a g  l e n g t h  i s  more severe w i t h  

t he  f requency decomposi t ions than  w i t h  regard  t o  the  o v e r a l l  measures o f  

feedback. The unadjusted o v e r a l l  measures o f  feedback can be eva lua ted  w i t h  

t h e  x 2 ( j )  d i s t r i b u t i o n ,  where j i s  t h e  l a g  l eng th .  However, t h e r e  i s  no 

asympto t i c  d i s t r i b u t i o n  t heo ry  a v a i l a b l e  w i t h  which t o  eva lua te  t h e  unad jus ted  

es t imates  o f  f (X+Y) [wl .  I n  a d d i t i o n ,  these est imates may f l u c t u a t e  w i t h  

l a g  l eng th .  Two convent ions a re  adopted t o  deal  w i t h  t h i s  amb igu i t y .  F i r s t ,  

conc lus ions  v a l i d  f o r  a l l  l a g  l eng ths  a re  emphasized. Second, t h e  n u l l  

hypo thes is  t h a t  t h e r e  i s  no feedback i s  r e j e c t e d  o n l y  i f  feedback i s  

s i g n i f i c a n t  f o r  a l l  l a g  l eng ths .  

Since t he re  i s  no asympto t i c  d i s t r i b u t i o n  t heo ry  a v a i l a b l e  f o r  t he  

unad jus ted  es t imates  o f  f(X*Y)Cwl, con f idence  i n t e r v a l s  cons t ruc ted  w i t h  

t h e  smal l  sample b i a s  ad justment  a r e  u t i l i z e d .  Feedback i s  cons idered 

s i g n i f i c a n t  i f  the  l e f t - hand  endpo in t  o f  t he  conf idence i n t e r v a l  i s  g r e a t e r  

t han  o r  equal t o  .05193. Thi s  l e v e l  corresponds t o  feedback f r o m  X t o  Y  

e x p l a i n i n g  5 pe rcen t  o f  t he  va r i ance  i n  Y.  

For t h e  o v e r a l l  measures o f  feedback, t he  x2 s t a t i s t i c s  f o r  t he  

unad jus ted  es t imates  a re  presented,  as w e l l  as t h e  con f idence  i n t e r v a l s  f r om  

t h e  smal l  sample a d j ~ s t m e n t . ~  Feedback w i l l  be cons idered s i g n i f i c a n t  if 

t h e  x2 s t a t i s t i c  i s  s i g n i f i c a n t  a t  t h e  .90 l e v e l  and i f  t h e  l e f t - h a n d  

e n d p o i n t  o f  t he  con f idence  i n t e r v a l  exceeds .05193. 



Besides t he  i n i t i a l  es t imates and t he  ad jus ted  est imates w i t h  con f idence  

i n t e r v a l s ,  the  t r ans fo rma t i ons ,  1-exp(FCX+YI), 1-exp(FCY+Xl), and 

1-expCF(X+Y>Cwll a re  presented. These y i e l d  t he  p r o p o r t i o n  o f  va r i ance  i n  

Y  exp la i ned  by feedback f rom X to Y, t h e  p r o p o r t i o n  o f  va r iance  i n  X exp la i ned  

by feedback f r om Y  t o  X, and t he  p r o p o r t i o n  o f  va r iance  i n  Y  e x p l a i n e d  by 

feedback f rom X  t o  Y  a t  f requency o, r e s p e c t i v e l y .  Only t h e  r e s u l t s  o f  

a p p l y i n g  these t r ans fo rma t i ons  t o  t h e  ad jus ted  p o i n t  es t imates  i s  r epo r t ed .  

Eva lua t i on  o f  p r e d i c t i o n s  concern ing  shor t- run  feedback i s  made d i f f i c u l t  

by t h e  f a c t  t h a t  ' s h o r t - r u n '  does n o t  correspond t o  any p a r t i c u l a r  f requency .  

Frequencies have been chosen cor respond ing  t o  4, 8, 12, and 16 q u a r t e r s ,  as 

w e l l  as t e n  f requenc ies  t h a t  a re  even l y  spaced between On and 1 . 0 ~ .  

For t he  t e s t s  o f  t he  q  t heo ry  ( t e s t s  o f  the  hypotheses t h a t :  (1 )  q  and 

inves tment  i ns tan taneous l y  cause each o t h e r  bu t  do n o t  Granger-cause each 

o t h e r  and t h a t ,  (2) t h e  vec to r  comprised o f  i n f l a t i o n  and t h e  deb t- equ i t y  

r a t i o  does no t  cause t he  vec to r  comprised o f  q  and investment)  o n l y  unad jus ted  

es t ima tes  a re  r epo r t ed .  Th is  makes t h e  r e s u l t s  comparable t o  r e s u l t s  o f  

s t u d i e s  n o t  employing a  smal l  sample b i a s  ad justment .  

Resu l t s  

Based on the  r e s u l t s  o f  t he  D i ckey- Fu l l e r  t e s t  f o r  u n i t  r o o t s ,  t h e  

hypotheses t h a t  t h e r e  a re  u n i t  r o o t s  i n  t h e  au to regress ive  r e p r e s e n t a t i o n s  o f  

A l n ( K t ) ,  A ln (P t ) ,  q t ,  and A t  cannot be r e j e c t e d .  Once each of  

t h e s e  s e r i e s  i s  d i f ferenced,  however, z ( p , )  i s  s i g n i f i c a n t ,  i n d i c a t i n g  

t h a t  t h e  s e r i e s  should  n o t  be d i f fe renced  aga in  ( t a b u l a t i o n  o f  t h e  r e s u l t s  o f  

t h e s e  t e s t s  a re  a v a i l a b l e  f rom t h e  au tho r ) .  Accord ing ly ,  t he  measures o f  



feedback a re  es t imated  w i t h  t h e  second d i f f e rences  o f  t he  l oga r i t hms  of t h e  

p r i c e  l e v e l  (AAPt) and t h e  c a p i t a l  s tock  (AAK,), t he  f i r s t  

d i f f e r e n c e  o f  q t  (Aq t ) ,  and t h e  f i r s t  d i f f e r e n c e  o f  X, (AX,). 

Tables 1A and 1B p e r t a i n  t o  t he  e v a l u a t i o n  o f  t he  p r e d i c t i o n  t h a t ,  i n  t h e  

long- run, an inc rease  i n  i n f l a t i o n  has no e f f e c t  on t h e  deb t- equ i t y  r a t i o .  I n  

Table  l A ,  t he  ad jus ted  es t imates  o f  feedback f rom i n f l a t i o n  t o  q  a re  

r e p o r t e d .  Table 1B r e p o r t s  t he  p r o p o r t i o n  o f  va r iance  i n  Aq exp la i ned  by  

feedback f r om AAp t o  Aq, t he  p r o p o r t i o n  o f  va r iance  i n  AAp exp la i ned  

by  feedback f r om Aq t o  AAp, and t h e  f requency decomposi t ion o f  t h e  

p r o p o r t i o n  o f  va r iance  i n  Aq exp la i ned  by feedback f r om AAp t o  Aq. I t  

i s  c l e a r  t h a t  l a g  l e n g t h  a f f e c t s  t he  r e s u l t s .  I n f l a t i o n  i s  s t r u c t u r a l l y  

n e u t r a l  w i t h  r espec t  t o  q  w i t h  l a g  l eng ths  o f  2  and 4, b u t  n o t  8.  Table 28 

i n d i c a t e s  t h a t  when t h e  l a g  l e n g t h  i s  8, feedback f r om i n f l a t i o n  t o  q  e x p l a i n s  

o v e r  23 pe rcen t  o f  t he  long- run v a r i a t i o n  i n  q. The comparat ive s t a t i c  

m u l t i p l i e r  r epo r t ed  i n  Table 7 i s  nega t i ve ,  i n d i c a t i n g  t h a t  an i nc rease  i n  

i n f l a t i o n  decreases t h e  long- run l e v e l  o f  q. However, o n l y  w i t h  a  l a g  l e n g t h  

o f  8  i s  t h i s  decrease s i g n i f i c a n t  accord ing  t o  t he  c r i t e r i a  adopted here.  

The p r e d i c t i o n  t h a t  an inc rease  i n  i n f l a t i o n  inc reases  t h e  long- run l e v e l  

o f  t h e  deb t- equ i t y  r a t i o  i s  eva lua ted  w i t h  t he  r e s u l t s  r e p o r t e d  i n  Tables 3A 

and 3B. There i s  no feedback w i t h  a  l a g  l e n g t h  o f  2.  There i s  long- run 

feedback w i t h  a  l a g  l e n g t h  o f  8, b u t  n o t  4 .  Long-run feedback f r o m  i n f l a t i o n  

to  X exp la i ns  25.84 pe rcen t  o f  t h e  v a r i a t i o n  i n  t he  deb t- equ i t y  r a t i o  w i t h  a  

l a g  l e n g t h  o f  8. From Table 7 i t  i s  c l e a r  t h a t  an i nc rease  i n  i n f l a t i o n  

i nc reases  t h e  long- run deb t- equ i t y  r a t i o  w i t h  l a g  l eng ths  o f  4  and 8, b u t  n o t  

2. Thus t he  o n l y  evidence o f  h i ghe r  i n f l a t i o n  l e a d i n g  t o  s i g n i f i c a n t l y  h i g h e r  

l ong- run  X occurs  when t h e  l a g  l e n g t h  equals 8. 



The r e s u l t s  d isp layed i n  Tables 3A and 38 i n d i c a t e  t h a t  there. i s  no 

long- run feedback f rom i n f l a t i o n  t o  I I K  regard less o f  l a g  l eng th .  

The unadjusted est imates o f  instantaneous feedback repo r ted  i n  Table 5 

i n d i c a t e  t h a t  a t  no l a g  l e n g t h  i s  there  instantaneous feedback between 

i n f l a t i o n  and q, between i n f l a t i o n  and 1, orbe tween  i n f l a t i o n  and I I K .  The 

conf idence i n t e r v a l s  based on the  small sample adjustments con f i rm  t h i s  

conclus ion.  

The r e s u l t s  repor ted  i n  Tables 2A and 5 support the p r e d i c t i o n  t h a t  t he re  

i s  no d i r e c t i o n a l  feedback between i n f l a t i o n  and 1. Table 2A shows t h a t  f o r  

no l a g  l eng th  i s  there  s i g n i f i c a n t  feedback from i n f l a t i o n  t o  X o r  f rom X 

to  i n f l a t i o n .  This conc lus ion  a l s o  f o l l o w s  f rom the  unadjusted est imates 

repo r ted  i n  Table 5. Tables 1A and 5 p rov ide  mixed evidence regard ing  the  

p r e d i c t i o n  t h a t  there  i s  no d i r e c t i o n a l  feedback between i n f l a t i o n  and q. I n  

Table 1 A  we see t h a t  there  i s  no s i g n i f i c a n t  d i r e c t i o n a l  feedback between 

i n f l a t i o n  and q. Table 5, however, r epo r t s  t h a t  there  i s  feedback from 

i n f l a t i o n  t o  q a t  the .900 l e v e l  w i t h  l a g  lengths o f  4 o r  8. Tables 3A and 5 

p rov ide  mixed evidence rega rd ing  the  p r e d i c t i o n  t h a t  t he re  i s  no d i r e c t i o n a l  

feedback between i n f l a t i o n  and I I K .  I n  Table 3A, we see t h a t  there  i s  no 

d i r e c t i o n a l  feedback between i n f l a t i o n  and I I K ,  except w i t h  a l a g  l eng th  of 

8. I n f l a t i o n  Granger-causes I I K  when the l a g  l eng th  i s  8. According t o  Table 

5, t h i s  feedback i s  s i g n i f i c a n t  a t  the  .900 l e v e l .  

The x2  s t a t i s t i c s  f o r  t he  unadjusted measures o f  d i r e c t i o n a l  feedback 

between q and I I K  are repo r ted  i n  Table 7. Tob in 's  q causes I I K  a t  the  .975 

l e v e l  f o r  a l l  l a g  lengths.  I I K  does no t  cause q. The p r e d i c t i o n  t h a t  t h e r e  

i s  no d i r e c t i o n a l  feedback between q and I I K  i s  no t  supported by the  data.  



Eva lua t i ng  p r e d i c t i o n s  r e g a r d i n g  the  shor t- run  i s  d i f f i c u l t  s ince  

' s h o r t - r u n '  does n o t  correspond t o  a p a r t i c u l a r  f requency.  I f  ' s h o r t - r u n '  

means l e s s  than 8 qua r t e r s ,  then t h e r e  i s  feedback f r o m  i n f l a t i o n  t o  X (see 

Table 2A). A t  10, 12, 16, o r  20 qua r t e r s ,  however, t h e r e  i s  feedback w i t h  a 

l a g  l e n g t h  o f  8. S i m i l a r  r e s u l t s  app l y  t o  t he  i n f l a t i o n - q  r e l a t i o n .  Table  2A 

i n d i c a t e s  t h a t  t h e r e  i s  no feedback f rom i n f l a t i o n  to  q a t  l e s s  than  10 

q u a r t e r s  w i t h  any l a g  l eng th .  There i s  feedback a t  a l l  p e r i o d i c i t i e s  

exceeding 10 q u a r t e r s  when t he  l a g  l eng th  i s  8. E s s e n t i a l l y  t h e  same r e s u l t s  

h o l d  f o r  t he  i n f l a t i o n - I I K  r e l a t i o n .  I n f l a t i o n  causes I I K  o n l y  w i t h  a l a g  

l e n g t h  o f  8 and a t  p e r i o d i c i t i e s  o f  a t  l e a s t  8 q u a r t e r s .  

The r e s u l t s  r e p o r t e d  i n  Table 6 i n d i c a t e  t h a t  t h e r e  i s  feedback f r om t h e  

v e c t o r  comprised o f  X and i n f l a t i o n  t o  the v e c t o r  comprised o f  q and I I K  

o n l y  when t h e  l a g  l e n g t h  i s  8 and t h e  s i g n i f i c a n c e  l e v e l  i s  .90. A t  a l l  l a g  

l eng ths ,  t he re  i s  ins tan taneous  feedback between t h e  vec to r  comprised o f  X 

and i n f l a t i o n  t o  t h e  v e c t o r  comprised o f  q and I I K .  

Conclusions 

I t  cannot be concluded t h a t  i n f l a t i o n  has long- run e f f e c t s  on f i n a n c i a l  

markets .  Only  w i t h  a l a g  l e n g t h  of  8 a re  t h e r e  long- run e f f e c t s  on q and 

1. Regardless o f  l a g  l eng th ,  i n f l a t i o n  has no long- run  impact on investment .  

I t  a l s o  cannot be concluded t h a t  t he re  a r e  ins tan taneous  feedbacks between 

i n f l a t i o n  and q, X, o r  I I K .  On ly  w i t h  a l a g  l e n g t h  o f  8 i s  t h e r e  sho r t- run  

feedback f r om i n f l a t i o n  to q o r  I I K .  Regardless o f  l a g  leng th ,  i n f l a t i o n  has 

no sho r t- run  impact on A .  



Since t he  f i n d i n g s  cou ld  be c h a r a c t e r i z e d  as showing t h a t  t h e  v a r i a b l e s  

examined a re  s imp l y  un re l a ted ,  Tables 5 and 6  r e p o r t  the  x2 s t a t i s t i c s  f o r  

t he  unadjusted es t ima tes  o f  t he  measures o f  l i n e a r  dependence. The measure o f  

l i n e a r  dependence F(X,Y), i s  t he  sum o f  F(X+Y), F(Y+X), and F(X*Y). 

F(X,Y) equals z e r o  o n l y  i f  X and Y  a re  u n c o r r e l a t e d  a t  a l l  leads and l a g s .  

Tables 5 and 6 r e p o r t  t h e  xZ s t a t i s t i c s  f o r  t he  es t imated  measures of 

l i n e a r  dependence. For  almost a l l  t he  r e l a t i o n s  i n v e s t i g a t e d  t h e r e  i s  l i n e a r  

dependence a t  t h e  .900 l e v e l .  On ly  f o r  t he  i n f l a t i o n - X  r e l a t i o n  a t  a  l a g  

l e n g t h  o f  4 i s  t h e r e  no l i n e a r  dependence. 

The long- run d e c l i n e  i n  q  found when t he  l a g  l e n g t h  i s  8  may be exp la i ned  

by t h e  omiss ion o f  t a x  e f f e c t s  from the  e m p i r i c a l  a n a l y s i s .  F e l d s t e i n  (1980) 

c la imed t h a t  b iases  i n  t h e  t a x  laws may have impa i red  investment  i n  

i n f l a t i o n a r y  pe r i ods .  Jorgenson and Sul 1  i v a n  ( 1  981 showed t h a t  h i ghe r  

i n f l a t i o n  would i nc rease  t he  e f f e c t i v e  co rpo ra te  t a x  r a t e  under t he  t ax  laws 

p r e v a i l i n g  f r om  1946 t o  1980. Thus i t  cou ld  be t h a t  T,, t he  co rpo ra te  t a x  

r a t e ,  d i d  n o t  remain cons tan t  ove r  t h e  sample p e r i o d .  I t  i s  c l e a r  from t h e  

f i r s t  o r d e r  c o n d i t i o n  f o r  investment ,  express ion  E231, t h a t  an inc rease  i n  

T, r e s u l t s  i n  a  lower  long- run q  b u t  produces no long- run change i n  I I K .  

The presence o f  feedback f rom i n f l a t i o n  t o  q  and I I K  w i t h  some l a g  l eng ths ,  

however, cannot e a s i l y  be exp la i ned  by t h e  omiss ion  o f  t a x  e f f e c t s .  If taxes  

a f f e c t  q  o r  I I K  b u t  n o t  i n f l a t i o n ,  then t he  u n c o n d i t i o n a l  measure of feedback 

from i n f l a t i o n  t o  q  o r  I I K  would be upwardly b iased  (see Geweke C1982bI). 

Upward b i a s  i n  t h e  es t imates  of feedback f r om i n f l a t i o n  t o  q o r  I I K  would 

r e s u l t  i f  taxes a f f e c t e d  i n f l a t i o n  b u t  n o t  q o r  I I K .  Th i s  l a t t e r  s cena r i o  

seems un l  i k e l  y .  



One p o s s i b l e  source o f  measurement e r r o r  i s  the  use o f  a c t u a l  i n f l a t i o n  

r a t h e r  than expected i n f l a t i o n .  McCallum (1984) has emphasized t h a t ,  even i n  

t h e  long- run, expec ta t i ons  may n o t  equal r e a l i z a t i o n s .  I n  Tables 4A, 48, and 

5, I prov ide  evidence rega rd i ng  t he  causal  r e l a t i o n s  among a c t u a l  i n f l a t i o n  

(measured w i t h  t he  CPIU) and expected i n f l a t i o n .  The expec ta t i ons  s e r i e s  i s  

f r om  the  Mich igan  Survey o f  Households and represen ts  t h e  expected r a t e  o f  

change o f  t h e  CPIU ove r  t h e  n e x t  12 months. A t  low f r equenc ies ,  feedback f r om 

a c t u a l  i n f l a t i o n  t o  expected i n f l a t i o n  accounts f o r  a  s u b s t a n t i a l  p o r t i o n  o f  

t h e  v a r i a t i o n  i n  a c t u a l  i n f l a t i o n .  Th i s  i s  a  rough i n d i c a t i o n  t h a t  t h e  

b i v a r i a t e  r e l a t i o n s  o f  i n f l a t i o n  and q, i n f l a t i o n  and A ,  and i n f l a t i o n  and 

I I K  a re  more l i k e l y  t o  correspond t o  r e l a t i o n s  i n v o l v i n g  expected i n f l a t i o n  a t  

low than a t  h i g h  f r equenc ies .  

Another p o s s i b l e  source o f  measurement e r r o r  i s  t he  d i f f i c u l t y  i n  

measur ing t h e  denominator o f  q, t he  rep lacement  va lue o f  t h e  s t ock  of p h y s i c a l  

c a p i t a l .  I f  measurement e r r o r s  a re  u n c o r r e l a t e d  w i t h  t r u e  v a r i a b l e s  a t  a l l  

l eads  and lags ,  t he  ex i s t ence  o f  measurement e r r o r  w i l l  r e s u l t  i n  an 

unders ta tement  of t h e  o v e r a l l  measure o f  l i n e a r  dependence. The e f f ec t  on 

i n d i v i d u a l  feedback measures i s  g e n e r a l l y  ambiguous. 

O v e r a l l ,  t h e  r e s u l t s  c a s t  doubt on t h e  use fu lness  o f  t he  q  t h e o r y .  There 

i s  ins tan taneous  c a u s a l i t y  between t h e  p a i r s ;  q- I /K and i n f l a t i o n - A ,  b u t  n o t  

between q  and I I K .  Both o f  these r e s u l t s  and t h e  f i n d i n g  t h a t  q  

Granger-causes I I K  a re  i n c o n s i s t e n t  w i t h  t h e  q  theory .  The r e s u l t s  a re  a l s o  

i n c o n s i s t e n t  w i t h  t h e  v iew t h a t  changes i n  i n f l a t i o n  induce f i r m s  t o  v a r y  

t h e i r  deb t- equ i t y  r a t i o s  so as t o  m in im ize  t h e  c o s t  o f  c a p i t a l .  I n f l a t i o n  

d o e s n ' t  i n f l uence  t h e  deb t- equ i t y  r a t i o  i n  e i t h e r  the  sho r t-  o r  long- run.  



Suggestions f o r  Fu tu re  Research 

Be fo re  f u r t h e r  ana l yz i ng  t he  r e l a t i o n s  examined i n  t h i s  paper, i t  i s  

necessary t o  e x p l a i n  t he  g e n e r a l l y  low l e v e l s  o f  feedback. Use of  a c t u a l  

expec ta t i ons  da ta  may reduce measurement e r r o r .  I f  t h i s  can be accompl ished, 

then i t  may be wo r thwh i l e  t o  i n t r o d u c e  taxes i n  t h e  e m p i r i c a l  a n a l y s i s .  

The f a i l u r e  o f  q  t o  i nco rpo ra te  a l l  i n f o r m a t i o n  con ta ined  i n  c u r r e n t  

va lues o f  i n f l a t i o n  and t h e  deb t- equ i t y  r a t i o  suggests f u r t h e r  research  on t h e  

i n f l u e n c e  o f  f i n a n c i a l  s t r u c t u r e  and i n f l a t i o n  on q. One p o s s i b l e  avenue of  

research  would be t o  i n c o r p o r a t e  f i n a n c i a l  s t r u c t u r e  i n t o  a  model such as 

F i s c h e r ' s  (1983) where q  Granger-causes I I K  due t o  l ags  i n  t he  investment  

process. 

Development o f  a  s t r u c t u r a l  model capable  o f  e x p l a i n i n g  t he  r e s u l t s  may be 

f r u i t f u l .  A  u s e f u l  gu ide  t o  such work may be found  i n  t h e  s igns  of t h e  

comparat ive s t a t i c s  m u l t i p l i e r s  r e p o r t e d  i n  Table  7 .  I n  t he  long- run, an 

inc rease  i n  i n f l a t i o n  inc reases  t h e  deb t- equ i t y  r a t i o ,  decreases q, and 

inc reases  I I K .  I n  a d d i t i o n ,  an i nc rease  i n  q leads t o  an inc rease  i n  I I K  and 

an i nc rease  i n  I I K  leads t o  a  decrease i n  q. I n f l a t i o n  i s  lowered by  

inc reases  i n  e i t h e r  I I K  o r  1. An i nc rease  i n  q  inc reases  i n f l a t i o n .  Not 

a l l  o f  these e f f e c t s ,  o f  course, a re  s t a t i s t i c a l l y  s i g n i f i c a n t .  



Glossary  o f  Terms 

C t = r e a l  p r i v a t e  consumption 
P  t = t h e  p r i c e  l e v e l  • 
P t = r a t e  o f  change of P; p  = PIP. 
P: = ins tantaneous a n t i c i p a t e d  r a t e  o f  i n f l a t i o n  
B  t = nominal co rpora te  bonds 
b  t = r e a l  co rpora te  bonds; b t  = B t /P t  
M t = nominal money balances 
m  t = r e a l  balances; rn, = M t l P t  
I3 = r a t e  o f  t ime p re fe rence  
W t = r e a l  wage r a t e  
4 t = r e a l  employment 
S t  = nominal i n t e r e s t  r a t e  on co rpo ra te  bonds 
Div,  = r e a l  d i v idends  
d  t = d i v i d e n d  payout r a t e ;  d t  = D i v t / z t E t  
Z t = r e l a t i v e  p r i c e  o f  e q u i t y  i n  terms o f  o u t p u t  
E t = t h e  number o f  shares o f  e q u i t y  
8 = t he  r a t e  o f  r e t u r n  on consumption; 8 = I3 - u ~ ~ E I u ~  
I t  = r e a l  investment  expend i tu res  
K t  = r e a l  s t ock  o f  p h y s i c a l  c a p i t a l  
r = the  c o s t  o f  c a p i t a l  as d e r i v e d  i n  the  t e x t  
Y t = t he  cash f l o w  o f  t h e  f i r m  
Y t  = r e a l  o u t p u t  
nt  = r e a l  gross p r o f i t s  
Y(I,K> = r e a l  ad justment  c o s t  f r om  investment  
-C P = co rpo ra te  p r o f i t s  t a x  r a t e  
RE t = r e t a i n e d  earn ings  
1 t = t he  deb t  t o  e q u i t y  r a t i o ;  X = b1zE 
a(X>b = c o s t  o f  m a i n t a i n i n g  t h e  bond p o r t f o l i o  
6 = t he  r a t e  o f  d e p r e c i a t i o n  of t he  phys i ca l  c a p i t a l  s t ock  
T = t he  lump sum t a x  
g  = r e a l  government expend i tu re  on goods 
q t = shadow p r i c e  o f  p h y s i c a l  c a p i t a l  (Tob in ' s  q> 
Il t = the  growth r a t e  o f  r e a l  balances; p = f i l m  



Footnotes 

' Th i s  t rea tment  o f  t he  e f f e c t  o f  i n f l a t i o n  on f i r m  va lue  f o l l o w s  t h a t  of 
M o d i g l i a n i  and Cohn (1979). They r a t i o n a l i z e  t h e  appearance o f  such a  t e rm  by  
equa t i ng  i t  w i t h  t h e  repayment o f  t he  p r i n c i p a l  made p o s s i b l e  by i n f l a t i o n .  
Note t h a t ,  f r om  express ions C121, C131, and C141, t h e  va lue  o f  t he  f i r m  i s  
u n a f f e c t e d  by i n f l a t i o n  i n  t h e  absence o f  a  deduc t ion  f o r  nominal i n t e r e s t  
payments. 

The absence o f  lagged va lues  i n  t h e  f i r s t - o r d e r  c o n d i t i o n s  imp1 i e s  t h a t  
p a s t  va lues should  n o t  h e l p  p r e d i c t ,  g i ven  c u r r e n t  va lues.  Suppose t h a t  an 
u n a n t i c i p a t e d  change i n  t he  c o r p o r a t e  t ax  r a t e  immediate ly  inc reased  q and 
I / K .  Immediate ly  a f t e r  t he  shock, p a s t  va lues o f  q and I / K  would n o t  r e f l e c t  
t h e  new i n f o r m a t i o n  con ta ined  i n  c u r r e n t  q. Thus, c u r r e n t  q  cou ld  be expected 
to  add t o  t he  a b i l i t y  o f  p a s t  q and pas t  I / K  t o  p r e d i c t  I / K .  

Suppose t h a t  b o t h  q and I / K  have been i n c r e a s i n g  as K  r i s e s .  Given 
p e r f e c t  f o r e s i g h t ,  a t  each p o i n t  i n  t ime t he  l e v e l  o f  q  i s  s u f f i c i e n t  to  
p r e d i c t  I / K .  Thus, p a s t  va lues  o f  I / K  w i l l  n o t  h e l p  p r e d i c t  I / K ,  g i ven  p a s t  
va l ues  o f  q. Past  va lues o f  I / K  c o n t a i n  t he  same i n f o r m a t i o n  as p a s t  q, and 
thus  p a s t  q  should n o t  add t o  t h e  a b i l i t y  o f  p a s t  I / K  t o  p r e d i c t  I I K .  

The x2 s t a t i s t i c s  f o r  t h e  o r i g i n a l  p o i n t  es t imates  a re  p rov i ded  t o  
f a c i l i t a t e  comparison o f  these r e s u l t s  w i t h  t h e  r e s u l t s  o f  research  conducted 
w i t h o u t  t h e  b e n e f i t  o f  a  smal l  sample b i as  ad justment .  

4 I d e a l l y ,  I would r e p o r t  con f idence  i n t e r v a l s  f o r  t he  ( n o n l i n e a r )  
t r a n s f o r m a t i o n s  o f  t h e  feedback measures. Here, however, I r e p o r t  t h e  r e s u l t s  
o f  a p p l y i n g  t he  n o n l i n e a r  t r a n s f o r m a t i o n  t o  t h e  conf idence i n t e r v a l s .  The two 
t ypes  o f  conf idence i n t e r v a l s ,  o f  course, need n o t  be t he  same. 



Data 

A l l  da ta  a re  q u a r t e r l y  and seasona l l y  ad jus ted  f o r  n o n f i n a n c i a l  
co rpo ra t i ons  (NFCs) from t h e  f i r s t  q u a r t e r  o f  1952 th rough  t h e  f o u r t h  q u a r t e r  
o f  1 984. 

q: The q  s e r i e s  through 1976 i s  f r om  Von Furs tenberg (1977).  Von 
Furs tenberg has supp l ied  me w i t h  da ta  f r om  1977 through 1984. I have removed 
t h e  replacement va lue  o f  l a n d  f rom t h e  denominator. Von Furs tenberg  (1977) 
p rov ides  a  d e t a i l e d  d e s c r i p t i o n  o f  h i s  c a l c u l a t i o n  o f  q. 

1: The deb t- equ i t y  r a t i o  i s  the  market  va lue  o f  i n t e r e s t  bea r i ng  
f i n a n c i a l  l i a b i l i t i e s  d i v i d e d  by the  market  va lue o f  e q u i t y .  Both s e r i e s  a r e  
f r om  Von Furstenberg.  

P: I u t i l i z e  the  GNP d e f l a t o r  pub l i shed  by the  Bureau o f  Economic 
Ana l ys i s  (BEA). 

K: The r e a l  ne t  c a p i t a l  s tock  i s  c a l c u l a t e d  by t he  pe rpe tua l  i n v e n t o r y  
formula: Kt = K t - ,  + ( 1 - 6 ) I t - , .  I c a l c u l a t e  s e r i e s  f o r  s t r u c t u r e s  and 
equipment sepa ra te l y  and add t he  two t oge the r .  For each s e r i e s ,  I u t i l i z e  t h e  
end-of-1951 and end-of-1984 cons tan t  d o l l a r  n e t  s tock  f i g u r e s  f o r  NFCs (BEA) 
and the  cons tan t  d o l l a r  gross expend i tu re  s e r i e s ,  It ( b i l l i o n s  o f  1967 
d o l l a r s ,  a l s o  f r om  BEA). Given the  end-of-1951 s tock  and t h e  gross inves tment  
s e r i e s ,  my es t imate  of S y i e l d s  the  a c t u a l  end-of-1984 s t o c k  v i a  t he  
perpe tua l  i n v e n t o r y  fo rmu la .  The cons tan t  d o l l a r  n e t  inves tment  s e r i e s  i s  
( 1 - & > I t  where It i s  t h e  g ross  investment  s e r i e s .  For c o n f o r m i t y  w i t h  
t h e  Von Furs tenberg data,  I cen te r  t h e  c a p i t a l  s tock  s e r i e s  on t he  m idd le  of 
each qua r t e r .  



E x p l a n a t i o n s  o f  Tab les  1A - 7 

For  a l l  e s t i m a t e s ,  t h e  number o f  o b s e r v a t i o n s  i s  131 - l a g  l e n g t h .  

Tab les  l A ,  2A, 3A, and 4A r e p o r t  t h e  e s t i m a t e d  measures of  feedback 
a d j u s t e d  f o r  smal l  sample b i a s  as d i scussed  i n  Geweke (1986, pp. 9-10). The 
l e f t - h a n d  and r i g h t - h a n d  end p o i n t s  o f  t h e  60% con f idence  i n t e r v a l s  a r e  l i s t e d  
under  t h e  columns l a b e l l e d  "20%" and "80%" r e s p e c t i v e l y .  For  t h e  
decompos i t i on  o f  feedback from X t o  Y by  f requency ,  t h e  column l a b e l l e d  "w"  
i n d i c a t e s  t h e  f r e q u e n c y  i n  r a d i a n s  a t  wh ich t h e  feedback i s  eva lua ted  ( O q  t o  
1.0%) and t h e  column l a b e l l e d  " 2 ~ 1 ~ "  i n d i c a t e s  t h e  co r respond ing  
p e r i o d i c i t y  i n  q u a r t e r s .  

Tab les  l B ,  28, 38, and 4B r e p o r t  t r a n s f o r m a t i o n s  o f  t h e  p o i n t  e s t i m a t e s  
p r e s e n t e d  i n  t a b l e s  1A, 2A, 3A, and 4A r e s p e c t i v e l y .  These t r a n s f o r m a t i o n s  
a r e  : 

1)  1-expCF(X+Y)I, wh ich equa ls  t h e  percentage o f  v a r i a t i o n  i n  Y 
e x p l a i n e d  by feedback f r o m  X t o  Y; 

2)  1-expCF(Y+X)I, wh ich equa ls  t h e  percentage of v a r i a t i o n  i n  X 
e x p l a i n e d  by  feedback f r o m  Y t o  X; and 

3) 1-exp(fCX+YICwl), wh ich equa ls  t h e  percentage o f  v a r i a t i o n  i n  Y a t  
f r e q u e n c y  w e x p l a i n e d  by  feedback f r o m  X t o  Y a t  f requency  W. 

Tab le  5 r e p o r t s  t h e  x2 s t a t i s t i c s  f o r  t h e  unad jus ted  p o i n t  e s t i m a t e s  o f  
F(X+Y), F(Y+X), and F(X*Y) when t h e  X-Y p a i r s  a r e :  1) i n f l a t i o n  and q; 
2)  i n f l a t i o n  and X; 3)  i n f l a t i o n  and I I K ;  and 4) t h e  a c t u a l  r a t e  o f  change 
of t h e  CPIU and t h e  expec ted  r a t e  o f  change o f  t h e  CPIU. 

Tab le  6 p r e s e n t s  t h e  x2 s t a t i s t i c s  for  t h e  feedback measures for t h e  t e s t s  
o f  t h e  q t h e o r y .  The X-Y p a i r s  i n  t h i s  t a b l e  a re :  1)  I I K  and q; and 2)  t h e  
v e c t o r  comprised o f  q and I I K  and t h e  v e c t o r  comprised o f  X and i n f l a t i o n .  

Tab le  7 r e p o r t s  t h e  compara t i ve  s t a t i c s  m u l t i p l i e r s  fo r  t h e  b i v a r i a t e  
a u t o r e g r e s s i o n s  of q and i n f l a t i o n ,  X and i n f l a t i o n ,  and I I K  and i n f l a t i o n ,  
r e s p e c t i v e l y .  



Table 1 A  

Est imates o f  Feedback: 
I n f l a t i o n  and Tob in ' s  q 

4 
F(X+Y) 
h 
F(Y+X) 
A 
F(X*Y) 
h 
f(X+Y> Cwl 

2 Lags 4 Lags 
(20%) (80%) (20%) ( 80%) 

8 Lags 
(20%) 



Table 1B 

Transformations 
of 

Point Estimates i n  Table 2 A  

Lags : 



Table  2A 

Est imates o f  Feedback: 
I n f l a t i o n  and t h e  Debt- Equi ty  R a t i o  

X t :  AAln(Pt) 
Y t :  AXt 

2 Lags 4 Lags 8 Lags 
(20%) (80%) (20%) (80%) (20%) (80%) 



Table 28 

Transformations 
of 

Point Estimates in Table 3A 

Xt: AAln(Pt> 
Yt: AXt 

Lags : 
A 

1-expC-F(X+Y)I 



Table 3A 

Est imates o f  Feedback: 
I n f l a t i o n  and I I K  

2 Lags 
(20%) (80%) 

4 Lags 
(20%) (80%) 

8 Lags 
(20%) (80%) 



Table 38 

Transformations 
o f  

Po in t  Estimates i n  Table 4A 

Lags : 



Table 4A 

Est imates o f  Feedback: 
Ac tua l  and Expected Rates o f  Change o f  t he  C P I U  

X t :  Admp, 
Yt: Admpf 

2 Lags 4 Lags 8 Lags 
(20%) (80%) (20%) (80%) (20%) (80%) 

A 
f(X+Y> Cwl 



Table 48 

Transformations 
o f  

Po id t  Estimates i n  Table 5A 

Lags : 



Table  5  

x2 S t a t i s t i c s  for  t h e  Unad jus ted  E s t i m a t e s  of  Feedback 

x t y t 
Lags : 2 4 8 

*, ** ,  *** ,  * * * *  : s i g n i f i c a n t  a t  t h e  .900, .950, .975, .990 l e v e l s ,  
r e s p e c t i v e l y  



Table 6 

Lags : 

x2 S t a t i  s t i  cs f o r  Es t imates  o f  Feedback: 
Tests o f  t h e  q- theory  

* : s i g n i f i c a n t  a t  t h e  .900 l e v e l  
* *  : s i g n i f i c a n t  a t  t h e  .950 l e v e l  * * *  : s i g n i f i c a n t  a t  t h e  .975 l e v e l  **** :  s i g n i f i c a n t  a t  t h e  .990 l e v e l  



Table 7 

Comparative Statics Multipliers 

Comparative Statics Multipliers for Inflation-q: 

lag length: 2 4 8 

inflationjq: -1.9799 -8.2491 -15.6383 

qjinflation: 0.0044 0.01 36 0.0088 

Comparative Statics Multipliers for Inflation-A: 

lag length: 2 4 8 

inflation*X -0.0459 4.3536 12.6364 

binflation -0.0072 0.0014 0.01 19 

Comparative Statics Multipliers for Inflation-IIK: 

lag length: 2 4 8 

inflation+IlK 0.0226 0.0259 0.0618 

IlK+inflation 0.7440 1.4200 2.0311 
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