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A b s t r a c t  

T h i s  paper  examines t h e  r e l a t i o n s h i p  between expec ted  

f u t u r e  r a t e s  o f  i n f l a t i o n  and movements i n  nominal  r a t e s  of  

i n t e r e s t ,  known a s  t h e  F i s h e r  E f f e c t .  The i n t e r e s t  r a t e s  

s e l e c t e d  f o r  t h e  s t u d y  were s i x  monthly Canadian nominal  bond 

s e r i e s ,  spann ing  a  p e r i o d  o f  twen ty - th ree  y e a r s ,  1955 -1978. The 

sample o f  bond r a t e s  was chosen s o  as t o  i n c l u d e  two s h o r t  term 

T r e a s u r y  B i l l  r a t e s ,  two l o n g e r  term a v e r a g e s  o f  government bond 

r a t e s ,  and two p r i v a t e  Finance  Company bond r a t e s .  

For  t h e  purposes  o f  t h i s  s t u d y ,  t h e  ' ' r e a l U  r a t e  o f  

i n t e r e s t ,  de te rmined  by e q u i l i b r i u m  c o n d i t i o n s  i n  t h e  c a p i t a l ,  

goods and bonds markets ,  was taken  t o  be a c o n s t a n t  over  t h e  

p e r i o d  examined. E m p i r i c a l  e s t i m a t e s  o f  a n t i c i p a t e d  i n f l a t i o n  

were generated v i a  two t h e o r i e s ,  I f adap t ive  e x p e c t a t i o n s "  and 

" r a t i o n a l  e x p e c t a t i o n s u ,  and r e g r e s s e d  upon t h e  above-mentioned 

nominal  bond r a t e s .  Also i n c l u d e d  i n  t h e  r e g r e s s i o n s  was a  

c o n s t a n t  term, which, under  t h e  assumpt ions  o u t l i n e d ,  s e r v e d  a s  

a n  e s t i m a t e  o f  t h e  " r e a l v 1  component o f  t h e  bond r a t e  under  

c o n s i d e r a t i o n .  

The c o e f f i c i e n t  a s s o c i a t e d  w i t h  e a c h  e s t i m a t e  o f  

a n t i c i p a t e d  i n f l a t i o n  was o f  major  i n t e r e s t  t o  t h e  s tudy ,  s i n c e ,  

i n  theory ,  i t s  v a l u e  shou ld  always f a l l  between z e r o  (comple te  

r e j e c t i o n  o f  t h e  F i s h e r  E f f e c t  h y p o t h e s i s ) ,  and one ( p e r f e c t  

co.mpensation f o r  expec ted  i n f l a t i o n ,  a s  F i s h e r  p o s t u l a t e d ) .  I n  

iii 



f a c t ,  v a l u e s  o f  g r e a t e r  than  one were found on occas ion ,  b u t  

a f t e r  a d j u s t i n g  t h e  model s l i g h t l y  t o  accoun t  f o r  t a x a t i o n  

e f f e c t s ,  i n  n o  c a s e  was t h e  c o e f f i c i e n t  found t o  be 

s i g n i f i c a n t l y  d i f f e r e n t  from one. 

A f t e r  t e s t i n g  t h e  s e l e c t e d  r a t e s  o f  i n t e r e s t  under  t h e  ve ry  

d i f f e r e n t  a s sumpt ions  o f  t h e  " a d a p t i v e "  and ' l r a t i o n a l l l  

e x p e c t a t i o n s  h y p o t h e s i s  s t a t i s t i c a l  e v i d e n c e ,  o b t a i n e d  v i a  t h e  

Box-Jenkins procedure ,  was p r e s e n t e d  a s  a  means o f  showing why 

b o t h  t h e o r i e s  shou ld  be expec ted  t o  y i e l d  s i m i l a r  p r e d i c t i o n s  

w i t h  r e s p e c t  t o  f u t u r e  i n f l a t i o n .  A demons t ra t ion  was made 

showing how t h e  e s t i m a t e d  a u t o r e g r e s s i v e  s t r u c t u r e  u n d e r l y i n g  

Canadian r a t e s  o f  i n f l a t i o n  r e n d e r s  t h e  t h e o r i e s  

i n d i s t i n g u i s h a b l e  under  r e a s o n a b l e  assumpt ions  a b o u t  t h e  

economy's f u n c t i o n i n g .  

The o v e r a l l  conc lus ion  a r i s i n g  from t h e  s t u d y  i s  t h a t  t h e  

F i s h e r  E f f e c t  h y p o t h e s i s  a p p e a r s  v a l i d  from t h e  sample of  

Canadian nominal  bond r a t e s  examined. 
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A. I n t r o d u c t i o n  

Through much o f  + t h e  t w e n t i e t h  c e n t u r y ,  t h e  F i s h e r  E f f e c t  

h a s  been regarded  a s  a  t h e o r e t i c a l l y  l o g i c a l ,  b u t  e m p i r i c a l l y  

un impor tan t  d e t e r m i n a n t  o f  nominal  bond r a t e s  i n  North America. 

Indeed,  d u r i n g  l o n g  p e r i o d s  o f  r e l a t i v e  p r i c e  s t a b i l i t y ,  such  a s  

t h e  1 9 5 0 ' s  and e a r l y  19601s ,  t h e  consequences and p r e d i c t i o n s  

a r i s i n g  from F i s h e r ' s  t h e o r y  were a l l  b u t  f o r g o t t e n  by 

government and p r i v a t e  s e c t o r  l e n d e r s  and borrowers.  The 

e x p e r i e n c e  o f  t h e  1970 ' s, however - -  s p e c i f i c a l l y  prolonged 

i n f l a t i o n  accompanied by t h e  e x p e c t a t i o n  th roughou t  t h e  economy 

o f  c o n t i n u e d  p r i c e  l e v e l  i n c r e a s e s  - -  h a s  changed t h e  view t h a t  

t h e  F i s h e r  E f f e c t  may be d i s r e g a r d e d .  In f a c t ,  i t  h a s  become an 

i m p o r t a n t  c o n s i d e r a t i o n  t o  anyone c u r r e n t l y  invo lved  i n  

f o r e c a s t i n g  o r  a n a l y z i n g  i n t e r e s t  r a t e  movements. 

According t o  F i s h e r ,  t h e  nominal  i n t e r e s t  r a t e  a s s o c i a t e d  

w i t h  a  bond shou ld  c o n c e p t u a l l y  be d i v i s i b l e  i n t o  two d i s t i n c t  

components; a  " r e a l 1 '  component, which he b e l i e v e d  would be 

b a s i c a l l y  s t a b l e  w i t h  r e  spe c  t t o  t ime,  and an 

i n f l a t i o n / d e f l a t i o n  premium t o  compensate t h e  h o l d e r  f o r  a  

r i s e / f a l l  i n  t h e  r e a l  v a l u e  o f  t h e  a s s e t  d u r i n g  i t s  p e r i o d  t o  

m a t u r i t y .  

In t h e  c a s e  o f  a  government bond, f o r  example, t h e  " r e a l w  

component o f  t h e  nominal  i n t e r e s t  r a t e  would, i n  e q u i l i b r i u m ,  



r e f l e c t  t h e  o p p o r t u n i t y  c o s t  of  ( i . e .  t h e  fo regone  r e t u r n  on)  

inves tment  i n  t h e  c a p i t a l  market ,  a d j u s t i n g  f o r  p e r i o d  t o  

m a t u r i t y ,  r i s k  f a c t o r s ,  and so  on. During a p e r i o d  o f  expec ted  

p r i c e  s t a b i l i t y ,  s a i d  r e t u r n  would l e a v e  t h e  i n v e s t o r  

i n d i f f e r e n t  t o  buying a  c a p i t a l  a s s e t  o r  bond. If t h e  r e a l  

r e t u r n  t o  t h e  c a p i t a l  a s s e t  were e x p e c t e d  t o  r i s e ,  however, due 

t o  an i n c r e a s e  i n  t h e  money v a l u e  o f  i t s  o u t p u t  r e l a t i v e  t o  t h e  

o r i g i n a l  p r i c e  o f  c a p i t a l  purchase ,  a s  i n  t h e  c a s e  o f  an  

i n f l a t i o n a r y  p e r i o d ,  t h e  i n v e s t o r  would n o  l o n g e r  be i n d i f f e r e n t  

t o  t h e  c a p i t a l  v e r s u s  bond a l t e r n a t i v e .  E q u i l i b r i u m  between t h e  

two m a r k e t s  would o n l y  be r e s t o r e d  when r e t u r n  t o  t h e  bond a g a i n  

matched t h e  o p p o r t u n i t y  c o s t  o f  i n v e s t i n g  i n  t h e  c a p i t a l  market  

- i n  o t h e r  words, i f  a  premium were p a i d  t o  t h e  bond h o l d e r ,  

o v e r  and above t h e  r e a l  r a t e ,  e q u a l  t o  t h e  e x p e c t e d  p r i c e  l e v e l  

r i s e  d u r i n g  t h e  p e r i o d  t o  m a t u r i t y  o f  t h e  i n s t r u m e n t .  

In  one s e n t e n c e ,  then ,  t h e  F i s h e r  E f f e c t ,  a t  t h e  

t h e o r e t i c a l  l e v e l ,  p o s t u l a t e s  a  p e r f e c t  p o s i t i v e  r e l a t i o n s h i p  

be tween e x p e c t e d  f u t u r e  r a t e s  o f  i n f l a t i o n / d e f l a t i o n  and one 

component o f  nominal  i n t e r e s t  r a t e s .  

The purpose o f  t h i s  paper  w i l l  be t o  s t a t i s t i c a l l y  examine 

t h e  i n f l u e n c e  o f  t h e  F i s h e r  E f f e c t  o v e r  a  r e c e n t  p e r i o d ,  1955 - 
1978, w i t h  r e s p e c t  t o  Canadian nominal  r a t e s  o f  i n t e r e s t .  The 

p e r i o d  1955-1978 was s e l e c t e d  f o r  two r e a s o n s ;  f i r s t ,  d a t a  f o r  

t h i s  p e r i o d  was r e a d i l y  a v a i l a b l e  f o r  s e v e r a l  bond s e r i e s ,  b u t  

second, and more i m p o r t a n t l y ,  such a  t ime span c a p t u r e s  a  broad 



range  o f  i n f l a t i o n a r y  e x p e r i e n c e .  S ince  t h i s  paper  d e a l s  

p r i m a r i l y  w i t h  t h e  i n f l a t i o n a r y  e x p e c t a t i o n s  component of  

nominal  bond r a t e s ,  a v a r i e t y  o f  a c t u a l  observed i n f l a t i o n  r a t e s  

would seem a  major  c r i t e r i u m  i n  t h e  s e l e c t i o n  o f  sample d a t a .  

Perhaps  t h e  most d i f f i c u l t  i s s u e  encoun te red  when 

u n d e r t a k i n g  a  s t u d y  o f  t h e  F i s h e r  E f f e c t  i s  t h e  cho ice  of method 

one shou ld  employ when a t t e m p t i n g  t o  s t a t i s t i c a l l y  g e n e r a t e  t h e  

i n f l a t i o n a r y  e x p e c t a t i o n s  o f  bond h o l d e r s .  Such a  d e c i s i o n  r e s t s  

upon t h e  n a t u r e  o f  e x p e c t a t i o n s  f o r m a t i o n s ,  and t h e  p r o c e s s  

whereby e x p e c t a t i o n s  a r e  formed i s  far  from c l e a r .  I n  f a c t ,  t h e  

two l e a d i n g  hypo theses  p u t  forward r e g a r d i n g  e x p e c t a t i o n s  

f o r m a t i o n  d i f f e r  d r a m a t i c a l l y  i n  approach.  

The f i r s t ,  which h a s  come t o  be known as t h e  " a d a p t i v e  

e x p e c t a t i o n s  h y p o t h e s i s f f ,  h o l d s  t h a t  f u t u r e  b e l i e f s  r e g a r d i n g  

i n f l a t i o n  r e s u l t  from an e x t r a p o l a t i o n  p r o c e s s  w i t h  r e s p e c t  t o  

t h e  b e h a v i o r  o f  a key economic v a r i a b l e ,  o r  v a r i a b l e s .  The bond 

h o l d e r ,  i t  i s  p o s t u l a t e d ,  b e l i e v e s  a t  a  g iven  t ime "tff,  t h a t  

i n f l a t i o n  i n  p e r i o d  "t+lft w i l l  f o l l o w  some t r e n d  e s t a b l i s h e d  i n  

p e r i o d s  " tn,  r 1 t - l  !I, " t -2"  and s o  on. If t h e  a c t u a l  r a t e  o f  

i n f l a t i o n  i n  p e r i o d  '?t+lVt d i f f e r s  from t h a t  a n t i c i p a t e d ,  

p e r c e p t i o n  o f  t h e  " t r e n d n  i s  a l t e r e d  i n  t h e  bond h o l d e r ' s  mind, 

l e a d i n g  t o  a  change i n  e x p e c t a t i o n s  f o r  t h e  n e x t ,  f u t u r e  p e r i o d .  

I n  b a s i c  terms,  then ,  a  bond h o l d e r  i s  assumed t o  

c o n c e n t r a t e  upon i n f o r m a t i o n  g a t h e r e d  from t h e  p r e s e n t  va lue  and 

p a s t  b e h a v i o r  o f  a c r i t i c a l  economic v a r i a b l e ,  o v e r  some t ime 



frame,  when g e n e r a t i n g  i n f l a t i o n a r y  e x p e c t a t i o n s .  Not 

s u r p r i s i n g l y ,  such  a  v a r i a b l e  commonly c i t e d  i s  t h e  observed 

r a t e  o f  i n f l a t i o n  i t s e l f .  The behav io r  o f  a d d i t i o n a l  v a r i a b l e s  

o v e r  t ime might  a l s o  be o f  i n t e r e s t  t o  a  bond h o l d e r  under  t h e  

a d a p t i v e  e x p e c t a t i o n s  assumpt ions ,  p rov ided  t h a t  s e r i e s  

c o n t a i n e d  i n f o r m a t i o n  which would n o r m a l l y  be i n c o r p o r a t e d  i n t o  

t h e  b e h a v i o r  o f  t h e  i n f l a t i o n  r a t e ,  bu t ,  pe rhaps  due t o  t h e  

e x i s t e n c e  o f  l a g s ,  i s  n o t .  

The second approach t o  e x p e c t a t i o n s  f o r m a t i o n  h a s  been 

termed l1 r a t i o n a l  e x p e c t a t i o n s t t .  T h i s  h y p o t h e s i s  r e v o l v e s  a b o u t  

t h e  n o t i o n  t h a t  a r a t i o n a l  bond h o l d e r ,  a t  t ime p e r i o d  l 1 t l 1 ,  w i l l  

wish t o  use a l l  r e l e v a n t  i n f o r m a t i o n  a b o u t  t h e  f u t u r e  which i s  

a v a i l a b l e ,  when p r e d i c t i n g  t h e  r a t e  o f  i n f l a t i o n  i n  t ime p e r i o d  

l1 t+ l l1 .  If t h e  bond h o l d e r  p e r c e i v e s  some r e l a t i o n s h i p  between 

p r e s e n t  b e h a v i o r  of  a  v a r i a b l e ,  and f u t u r e  changes i n  t h e  r a t e  

o f  i n f l a t i o n ,  i t  i s  assumed h i s  e s t i m a t e  o f  f u t u r e  i n f l a t i o n  

would i n c o r p o r a t e  s a i d  knowledge. It i s  i m p o r t a n t  t o  r ecogn ize  

t h a t  such i n f o r m a t i o n  may o r  may n o t  be t r a n s m i t t e d  d i r e c t l y  v i a  

t h e  p a s t  b e h a v i o r  o f  a  key v a r i a b l e .  A s  such,  t h e  p a s t  behav io r  

of t h e  i n f l a t i o n  r a t e  might  be o f  remote i n t e r e s t  t o  a  bond 

h o l d e r  under  r a t i o n a l  e x p e c t a t i o n s ,  i n  marked c o n t r a s t  t o  t h e  

a d a p t i v e  e x p e c t a t i o n s  theory .  

The approach  sugges ted  by e a c h  h y p o t h e s i s  was deemed 

d i f f e r e n t  enough t h a t  a d e c i s i o n  was made t o  t e s t  t h e  F i s h e r  

~ f f e c t  under  e a c h  s e t  o f  assumpt ions  s e p a r a t e l y .  A s  a r e s u l t ,  



t h i s  paper  i s  d i v i d e d  i n t o  two p a r t s ,  where s i m i l a r  t e s t s  a r e  

c a r r i e d  o u t .  A s  w i l l  be seen ,  however, t h e  f i n d i n g s  d i f f e r  

d r a m a t i c a l l y  depending upon t h e  e x p e c t a t i o n s  component employed. 

Before d e t a i l i n g  t h e  e q u a t i o n s  used t o  s i m u l a t e  e a c h  

approach,  one i m p o r t a n t  p o i n t  shou ld  be made. Throughout t h i s  

paper  i t  w i l l  be assumed, f o r  s i m p l i c i t y ,  t h a t  t h e  r e a l  

component o f  nominal  bond r a t e s  h a s  remained s t a b l e  over  t ime,  

a s  F i s h e r  h y p o t h e s i z e d . l  A r i s e  o r  f a l l  in  nominal  bond r a t e s  

w i l l  t h e r e f o r e  be assumed t o  be i n  r e sponse  t o  changes i n  t h e  

second component, i n f l a t i o n a r y / d e f l a t i o n a r y  e x p e c t a t i o n s .  T h i s  

assumpt ion  a l l o w s  t h e  c o n s t a n t  term i n  a  r e g r e s s i o n  e q u a t i o n  t o  

a c t  a s  an  e s t i m a t e  o f  t h e  r e a l  r a t e  o f  r e t u r n  t o  a  g i v e n  bond, 

a s  w i l l  be seen ,  and would n o t  seem t o  d i s t o r t  t h e  models t o  any 

major  e x t e n t .  Nonetheless ,  i t  shou ld  be recogn ized  t h a t  

c o n s t r a i n i n g  t h e  r e a l  r a t e  o f  r e t u r n  t o  remain c o n s t a n t  over  

t ime cou ld  i n t r o d u c e  a  p o s s i b l e  s o u r c e  o f  e r r o r  i n t o  t h e  

There  have been, i n  f a c t ,  good arguments  made a s  t o  why t h e  
r e a l  r a t e  o f  i n t e r e s t  might  be e x p e c t e d  t o  f a l l  d u r i n g  an 
i n f l a t i o n a r y  p e r i o d .  Rober t  Mundell ,  f o r  example, ( i n  Monetary 
Theory: I n f l a t i o n ,  I n t e r e s t  - and Growth -- i n  t h e  World Economy. 
Goodyear P u b l i s h i n g  Company, San ta  Monica, C a l i f o r n i a ,  1971. pp. 
14-22) ,  shows t h a t  a  f a l l  in  d e s i r e d  h o l d i n g s  o f  r e a l  cash  
b a l a n c e s  d u r i n g  an i n f l a t i o n a r y  p e r i o d  w i l l  c ause  t h e  r e a l  r a t e  
o f  i n t e r e s t  t o  d e c l i n e .  

Also, e m p i r i c a l  e s t i m a t i o n  o f  t h e  s t a b i l i t y  p r o p e r t y  of t h e  
r e a l  r a t e  o f  i n t e r e s t  h a s  been under taken .  See, f o r  example, 
Eugene Fama, S h o r t  Term I n t e r e s t  R a t e s  as P r e d i c t o r s  of 
I n f l a t i o n ,  American Economic Review, June  1975, Vol 60, #3. P. 
2 6.9 



r e s u l t s . 2  

Mathemat ica l ly ,  t h e  F i s h e r  E f f e c t  may be w r i t t e n  a s  

f o l l o w s  : 

(1) R N t  = R R t  + P * t  

where K N t  = nominal  r a t e  o f  r e t u r n  t o  t h e  bond a t  

t ime l1 t l l  

R R t  = r e a l  r a t e  component a s s o c i a t e d  w i t h  bond 

a t  t ime " t l l  

P * t  = expec ted  r a t e  o f  i n f l a t i o n  a t  t ime l 1 t l 1  

S p e c i f i c a l l y ,  such  an e r r o r  i n  measurement w i l l  r e s u l t  i n  a  
b i a s e d  e s t i m a t o r  llbl', a s  f o l l o w s ,  where !'B" i s  t h e  t r u e  
e s t i m a t e :  

B ( v a r  P * t )  + cov ( v , P * t )  
b  = 

v a r  ( P s t )  + v a r  ( u )  

where P s t  = expec ted  r a t e  o f  i n f l a t i o n  
as o f  t ime l l t l l  

v a r  = v a r i a n c e  a s s o c i a t e d  w i t h  
cov = covar iance  a s s o c i a t e d  w i t h  

v = measurement e r r o r  a s s o c  - 
i a t e d  w i t h  l lRRt l l  

u = measurement e r r o r  a s s o c  - 
i a t e d  w i t h  l 1 P + t W  

The problem comes when llcov ( v , P * t ) l l ,  assumed t o  be 
n e g a t i v e ,  p l a y s  a s i g n i f i c a n t  f a c t o r .  The assumption i n  t h i s  
paper  i s  t h a t  such a  term i s  ve ry  s m a l l ,  b u t  i t  shou ld  be n o t e d  
t h a t  a  s o u r c e  o f  downward b i a s  i s  p r e s e n t .  



Both e x p e c t a t i o n s  t h e o r i e s  mentioned a t t e m p t  t o  e x p l a i n  how 

v a l u e s  o f  P * t  a r e  g e n e r a t e d .  S ince  t h e  f i r s t  h y p o t h e s i s  - 
a d a p t i v e  e x p e c t a t i o n s  - p o s i t s  a form o f  e r r o r  l e a r n i n g ,  o r  

e x t r a p o l a t i o n  o f  p e r c e i v e d  t r e n d s  i n  a  c r i t i c a l  s e r i e s  o r  s e t  of 

s e r i e s ,  an e q u a t i o n  based upon ( 2 )  w i l l  be used i n  t h e  f i r s t  

p a r t  o f  t h i s  s t u d y .  It i s  assumed t h a t  t h e  observed r a t e s  of  

p r e s e n t  and p a s t  i n f l a t i o n  a c t  as t h e  key v a r i a b l e  when 

i n f l a t i o n a r y  t r e n d s  a r e  be ing  g e n e r a t e d .  

P t  = a c t u a l  r a t e  o f  i n f l a t i o n  i n  p e r c e n t a g e  

change between p e r i o d  "t-1" and "tn 

O t  = o t h e r  f a c t o r s  than  p r i c e  l e v e l s  e n t e r i n g  

fo rmat ion  o f  e x p e c t a t i o n s  a d a p t i v e l y  a t  

a t  t ime "t", based upon i n f o r m a t i o n  from 

time s e r i e s  i n  a d d i t i o n  t o  p a s t  i n f l a t i o n  

Equat ion  ( 2 )  s t a t e s  t h a t  e x p e c t a t i o n s  o f  f u t u r e  i n f l a t i o n ,  

a s  o f  t ime " t l I ,  a r e  g e n e r a t e d  v i a  two means - e x t r a p o l a t i o n  o f  

t r e n d s  d e r i v e d  s o l e l y  from p a s t  p r i c e  l e v e l  changes encompassing 

some p e r i o d  " t - n n  , and through c o n s i d e r a t i o n  o f  a d d i t i o n a l  

f a c t o r s  which shou ld  a f f e c t  p r e s e n t  i n f l a t i o n  r a t e s ,  " O t " ,  b u t  

do n o t  due t o  l a g s  i n  the  economy o f  some known l e n g t h .  



Assuming a c o n s t a n t  r e a l  r a t e  component o f  nominal  bond 

i n t e r e s t  r a t e s  ( R R t ) ,  s u b s t i t u t i o n  o f  e q u a t i o n  ( 2 )  i n t o  (1) 

y i e l d s  : 

( 3 )  R N t  = a + f ( P t , P t - 1 , P t - 2 . .  . . . ,P t -n ;Ot )  

which i s  t h e  g e n e r a l  form o f  t h e  e q u a t i o n  s t a t i s t i c a l l y  t e s t e d  

when a d a p t i v e  e x p e c t a t i o n s  assumt ions  were employed. 

Not s u r p r i s i n g l y ,  t h e  r a t i o n a l  e x p e c t a t i o n s  h y p o t h e s i s  

t a k e s  a  v e r y  d i f f e r e n t  mathemat ica l  form. R a t h e r  than  r e l y i n g  

upon p a s t  and p r e s e n t  v a l u e s  o f  key v a r i a b l e s ,  r a t i o n a l  

e x p e c t a t i o n s  p o s t u l a t e s  t h e  i n c l u s i o n  o f  a l l  r e l e v a n t  

i n f o r m a t i o n  a b o u t  t h e  f u t u r e  which i s  a v a i l a b l e  a t  t i m e  "t". 

The r a t i o n a l  e x p e c t a t i o n s  model we w i l l  employ may be 

w r i t t e n  a s  f o l l o w s :  

where P + t  = expec ted  f u t u r e  r a t e  on i n f l a t i o n  i n  

p e r i o d s  t + l ,  t+2 ,  . . ., a s  o f  p e r i o d  ' I t f 1  

v  = P a r t i a l  income e l a s t i c i t y  w i t h  r e s p e c t  

t o  i n t e r e s t  

M = N a t u r a l  l o g  o f  money supp ly  M 1  

Y = N a t u r a l  l o g  o f  r e a l  o u t p u t ,  measured 



by r e a l  G.N.P. 

Although t h e  above e x p r e s s i o n  might  a p p e a r  complex, i t  

s t a t e s  s imply  t h a t  t h e  e x p e c t a t i o n  o f  i n f l a t i o n  i n  t h e  p e r i o d  

f f t + l v  depends upon e x p e c t e d  weighted i n c r e a s e s  i n  t h e  money 

supp ly ,  o v e r  and above r e a l  growth i n  a l l  f u t u r e  p e r i o d s  " j", 

which a r e  b e i n g  examined. 

The paper  i s  d i v i d e d  i n t o  two c e n t r a l  P a r t s ,  w i t h  a  Data 

s e c t i o n  p reced ing ,  and a  Conclus ions  s e c t i o n  f o l l o w i n g ,  t h e  main 

p r e s e n t a t i o n  o f  t h e  s t u d y ' s  f i n d i n g s  i n  P a r t s  I and 11. The 

format  fo l lowed  i n  e a c h  o f  t h e  two P a r t s  i s  i d e n t i c a l .  F i r s t ,  a 

p u b l i s h e d  American model o f  e x p e c t a t i o n s  f o r m a t i o n  i s  reviewed, 

and t h e  mode l ' s  major  assumpt ions  examined. Secondly, e a c h  model 

i s  t e s t e d  f o r  Canadian d a t a .  Next, a n  a l t e r n a t i v e  model 

sugges ted  by t h e  i n t i t i a l  s t u d y  i s  p r e s e n t e d  and t e s t e d  f o r  

Canadian d a t a .  F i n a l l y ,  a n o t h e r  model, c o n s i s t e n t  w i t h  t h e  

assumpt ions  o f  e a c h  P a r t ,  b u t  d i f f e r i n g  s i g n i f i c a n t l y  from t h e  

major  mode l ' s  s t r u c t u r e ,  w i l l  be d e t a i l e d  and t e s t e d  u s i n g  

Canadian d a t a .  

P a r t  I o f  t h i s  s t u d y  t e s t s  t h e  F i s h e r  E f f e c t  under  t h e  

assumpt ions  o f  Adaptive E x p e c t a t i o n s .  The s p e c i f i c  model 

d e t a i l e d  and t e s t e d  i s  based upon a 1969 s t u d y  by Wil l iam Yohe 

and Dennis Karnosky, p u b l i s h e d  i n  t h e  S t .  Lou i s  F e d e r a l  Reserve 



~ u l l e t i n . 3  The model, (and a s  such, most o f  P a r t  I )  i s  " s i n g l e  

v a r i a b l e n  i n  n a t u r e ,  a s  d e f i n e d  e a r l i e r  - -  i . e .  e x p e c t a t i o n s  

fo rmat ion  i s  s o l e l y  dependent  upon t he  behav ior  o f  a  s i n g l e  

v a r i a b l e  o v e r  t ime.  T e s t s  o f  a n m u l t i v a r i a b l e  adap t i ve  

e x p e c t a t i o n s n  model w i l l  a l s o  be p r e sen t ed  i n  P a r t  I. 

P a r t  I1 o f  t h e  s t udy  i s  c e n t e r e d  upon approaches  t o  

e x p e c t a t i o n s  fo rmat ion  sugges ted  by t h e  R a t i o n a l  Expec t a t i ons  

hypo the s i s .  The f i r s t  model s e t  o u t  and t e s t e d  i n  t h i s  p a r t  

f o l l ows  from a paper  by Michael Mussa, pub l i shed  i n  t he  J o u r n a l  

of Monetary Economics, i n  1975.4 Also i nc luded  i n  P a r t  I1 i s  an 

a t t empt ,  u s i n g  R a t i o n a l  Expec t a t i ons  assumpt ions ,  t o  e x p l a i n  t h e  

succe s s  o f  e a r l i e r  models employing t h e  hypo the s i s  o f  Adaptive 

Expec ta t ions .  A s  w i l l  be shown, a t  l e a s t  i n  t he  ca se  o f  Canada, 

bo th  t h e o r i e s  a r e  compat ib le  t o  a s u r p r i s i n g  degree .  

A s  mentioned,  t h e  l a s t  s e c t i o n  o f  t h e  paper  c o n t a i n s  a 

b r i e f  s e t  o f  conc lu s ions ,  a r i s i n g  from the  s tudy .  

3  Yohe,W and Karnosky, D. I n t e r e s t  R a t e s  and p r i c e  Leve l  
Chan e s  1952-69. F e d e r a l  Reserve o f  Ban= ~ C L o m e -  
?;-p-' 19 g. P. 1 8 .  

Mussa, Michael.  Adaptive and 
R a t i o n a l  Model -- of  t h e  I n f l a t i o z y  
Ec,onomics, Vol. I. 1975. 

Reg re s s ive  E x ~ e c t a t i o n s  i n  a  
Process .  J o u r n a l  o f  Monetary 



B. The Data 

Six  s e r i e s  o f  nominal  i n t e r e s t  r a t e s  were examined over  t h e  

p e r i o d  s t u d i e d ;  two Treasury  B i l l  r a t e s ,  two government bond 

r a t e s ,  and two Finance  Company Paper  r a t e s .  The s h o r t  term 

i n t e r e s t  r a t e s  used,  and t h e  p e r i o d s  o f  data a v a i l a b i l i t y  were : 

1) 30 day Finance  Company Paper  r a t e ;  

1961 - 1978, Cansim # = B 140395 

2 )  90 day Finance  Company Paper  r a t e ;  

1957 - 1978, Cansim # = B 14017 

f 3 )  3 month t r e a s u r y  b i l l  r a t e ;  

1955 - 1978, Cansim # = B 14007 

'4) 6  month t r e a s u r y  b i l l  r a t e ;  

1955 - 1978, Cansim # = B 14008 

The l o n g  term bond r a t e s  were : 

- - -1""""""""""-""" 

5  "Cansim numbersn a r e  t h e  codes  a s s o c i a t e d  w i t h  d a t a  s e r i e s  
from S t a t i s t i c s  Canada, a v a i l a b l e  f o r  a c c e s s  w i t h  computer 
prpgrams such a s  "Massager 1973". 



/ 5 ) 1 - 3  y e a r  government bonds 

a v e r a g e  i n t e r e s t  r a t e ;  1955-1978, 

Cansim # = B 14009 

/ 6 )  3-5 y e a r  government bonds 

a v e r a g e  i n t e r e s t  r a t e ;  1955-1978, 

Cansim # = B 14010 

A l l  d a t a  were i n  monthly form. Monthly changes i n  t h e  

Consumer P r i c e  Index ( n o t  s e a s o n a l l y  a d j u s t e d ) ,  were s e l e c t e d  a s  

t h e  measure o f  i n f l a t i o n ,  due p r i m a r i l y  t o  t h e  f a c t  t h a t  t h e  

C.P. I. r e c e i v e s  much p u b l i c i t y ,  and a s  a  r e s u l t  i s  widely  

regarded  a s  " t h e n  i n f l a t i o n  r a t e  by most consumers. When used i n  

r e g r e s s i o n  a n a l y s i s ,  t h i s  change in  t h e  index was c a l c u l a t e d  

u s i n g  t h e  fo rmula :  

t o  r e p r e s e n t  t h e  pe rcen tage  change i n  i n f l a t i o n  p e r  month. 

When r a t i o n a l  e x p e c t a t i o n s  t e s t s  were run ,  money supp ly  and 

r e a l  economic growth d a t a  were n e c e s s a r y .  The money supp ly  

s e r i e s  s e l e c t e d  were " M I n  ( t o t a l  Canadian d o l l a r s  h e l d  i n  demand 

d e p o s i t  a c c o u n t s  p l u s  t o t a l  c u r r e n c y ) ,  and "M3" ( M 1  p l u s  t ime 

and o t h e r  d e p o s i t s  ) .  Real  economic growth was r e p r e s e n t e d  by 



t h r e e  i n d i c e s  - R e a l  Gross N a t i o n a l  Expend i tu re ,  t h e  Index o f  

I n d u s t r i a l  P roduc t ion ,  and Real  Domestic P roduc t ,  a l l  base y e a r  

1961. 

For  t h e  p e r i o d  1955-1974, M 1  was n o t  r ecorded  under a  

Cansim number. For  t h e  purposes  o f  t h i s  s t u d y ,  t h e r e f o r e ,  i t  was 

c a l c u l a t e d  by a d d i n g  t o t a l  d o l l a r s  i n  Canadian cur rency  and 

t o t a l  Canadian d o l l a r s  i n  demand d e p o s i t s  f o r  e a c h  g iven  month. 

A f t e r  1975-1, t h e  Bank o f  Canada Review p u b l i s h e d  M 1  d a t a  

d i r e c t l y .  The a d d i t i o n a l  s e r i e s  used,  then ,  were : 

6 )  Money supp ly  M 1 ;  1955 - 1978, 

= t o t a l  Canadian c u r r e n c y  (Cansim 

# = B 2001 ) p l u s  t o t a l  Canadian 

d e p o s i t s  i n  d o l l a r s  ( Cansim # 

= B 459) 

7 )  r e a l  Gross N a t i o n a l  Expend i tu re  

( G.N.E .  i ndexed)  ; 1955 - 1978, 

(Cansim # = D 40476) 

J 8 )  Index  o f  I n d u s t r i a l  P roduc t ion  , 
1955 - 1978, (Cansim # = D 5760) 

9 )  R e a l  Domestic Product ,  ( i n d e x e d ) ,  

1955-1978, (Cansim # = D 100215) 



C. The Fisher  E f f e c t  Under the Adaptive Expectations Approach t o  

Expectations Formation 

I. The "Single Variablew Model -- 

A s  mentioned i n  the in t roduct ion ,  two forms of the Adaptive 

Expectations process may be t e s t ed  from an equation such a s  ( 3 ) ,  

reproduced below a s  ( 3 a )  : 

(3a)  R N t  = a  + f ( P t , P t - 1 , P t - 2 , .  . . .Pt-n;Ot) 

In sec t ion  1 . 4 ,  where a  mul t ivar iable  model w i l l  be used, 

f a c t o r s  " O t "  w i l l  be e x p l i c i t l y  recognized in  regression form. 

Throughout the majori ty  of the present  p a r t ,  however, we w i l l  

t e s t  only a  s ing le  va r i ab le  form of i n f l a t i o n a r y  expecta t ions  

generat ion,  thus ignoring 

The decis ion t o  purposely omit sa id  information r e s t s  upon 

the reasoning t h a t  present  and pas t  p r i c e  l e v e l  changes already 

convey a l l  information re levant  t o  the es t imat ion  of fu tu re  

i n f l a t i o n  r a t e s .  This i s  a  r a t h e r  s t rong a s s e r t i o n ,  s ince  i t  

implies  t h a t  changes in  nominal and r e a l  va r i ab les  a t  any given 

time a r e  immediately t r a n s l a t e d  i n t o  changes i n  p r i ce  l eve l s .  

e one the less, proponents of the one va r i ab le  hypothesis would 



argue  t h a t  a d j u s t m e n t  may be assumed f a s t  enough, g i v e n  p r e s e n t  

communication methods, t h a t  i t  i s  c o r r e c t  t o  be concerned o n l y  

w i t h  c u r r e n t  and p a s t  p r i c e  l e v e l  behav io r .  

A d i f f e r e n t  argument l e a d i n g  t o  t h e  same conc lus ion  might  

be t h a t  r e g a r d l e s s  o f  whether  p r e s e n t  and p a s t  i n f l a t i o n  r a t e s  

a c t u a l l y  do i n c o r p o r a t e  a l l  n e c e s s a r y  i n f o r m a t i o n  f o r  a c c u r a t e l y  

g e n e r a t i n g  e x p e c t a t i o n s  o r  n o t ,  i t  i s  r e a s o n a b l e  t o  assume t h a t  

t h e  average  bond buyer forms e x p e c t a t i o n s  p r i m a r i l y  upon p a s t  

and p r e s e n t  r a t e s ,  due t o  t h e  low i n f o r m a t i o n  c o s t s  a s s o c i a t e d  

w i t h  such a  method. A one v a r i a b l e  approach would t h e r e f o r e  

y i e l d  good e s t i m a t e s  o f  t h e  i n f l a t i o n / d e f l a t i o n  component of  t h e  

nominal  i n t e r e s t  r a t e  on bonds, a t  l e a s t  from t h e  demand r e l a t e d  

f o r c e s  pushing nominal  bond r a t e s  toward e q u i l i b r i u m .  

I n  e i t h e r  c a s e ,  proponents  o f  t h e  one v a r i a b l e  h y p o t h e s i s  

a r g u e  t h a t  e x p e c t a t i o n s  i n  p e r i o d  "t" (PJEt) a r e  g e n e r a t e d  

a d a p t i v e l y  th rough  weighted emphasis  on p a s t  p r i c e  l e v e l  

changes : 

where P t  = % change i n  p r i c e  l e v e l  from p e r i o d  

"t-1'' t o  p e r i o d  "t", 

bn = weight  a s s o c i a t e d  w i t h  p e r i o d  

" t - ( n - 1 ) "  ' s  p a s t  i n f l a t i o n  r a t e  
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Recent i n f l a t i o n  r a t e s  a r e  bel ieved t o  be assigned 

r e l a t i v e l y  l a r g e  weights, genera l ly  dec l in ing  such t h a t :  

It i s  argued t h a t  beyond some poin t  in  time " t - (n -1 )"  the 

inf luence of more d i s t a n t  p r i ce  l e v e l  changes i s  so 

i n s i g n i f i c a n t  a s  t o  be ignored; s t a t i s t i c a l l y ,  the c o e f f i c i e n t  

becomes unstable  t o  the poin t  where "bnW cannot be shown 

d i f f e r e n t  from zero w i t h  95% probabi l i ty .  

Combining equation ( 4 )  i n t o  (1) and again assuming a  

cons tant  r e a l  r a t e  component, we can s t a t i s t i c a l l y  es t imate  the 

equation: 

( 6 )  R N t  = a  + b l P t  + b 2 P t - 1  + ......... 
+ bnPt-(n-1) 

where again R N t  = nominal r a t e  of r e tu rn  t o  the 

bond a t  time " tn  

P t  = % change i n  C . P . I .  from 

period "t-1" t o  " tw 



Two c o n s i d e r a t i o n s  become i m p o r t a n t  when an  e q u a t i o n  such 

as ( 6 )  i s  b e i n g  d e a l t  w i t h :  f i r s t ,  t h e  t ime p e r i o d ,  "t", over  

which changes i n  t h e  p r i c e  l e v e l  a r e  t o  be measured ( i .e .weekly ,  

monthly, q u a r t e r l y ,  y e a r l y ,  e  t c .  ) ; and second ly ,  t h e  l e n g t h  o f  

l a g  t o  be i n c l u d e d  i n  t h e  r e g r e s s i o n  (how l a r g e  a  v a l u e  o f  'lnf1 

would be a p p r o p r i a t e ) .  The l a t t e r  problem a p p e a r s  one which t h e  

d a t a  i t s e l f  can s e t t l e  - -  i n c l u s i o n  o f  a l l  s i g n i f i c a n t  v a r i a b l e s  

i n  c o n j u n c t i o n  w i t h  a  l1stablel1 R2 ( R  s q u a r e d )  v a l u e  would seem 

l o g i c a L 6  A s  we s h a l l  s e e  i n  s e c t i o n  1.1.1, however, t h e  

s i g n i f i c a n c e  o f  v a r i a b l e s  depends i n  t h i s  c a s e  upon t h e  l e n g t h  

o f  l a g  chosen, meaning t h i s  s imple  r u l e  i s  n o t  an o p e r a t i o n a l  

one. 

The " b e s t r 1  p e r i o d  over  which t o  measure p r i c e  changes i s  

a l s o  non-obvious,  b u t  a r e c e n t  s t u d y  by W i l l i a m  Yohe and Dennis 

~ a r n o s k ~ 7  sugges ted  t h a t  p a s t  monthly changes i n  p r i c e  i e v e l s  

y i e l d  good e x p l a n a t o r y  power f o r  monthly l e v e l s  o f  U.S. nominal  

--""----"""""-"""" 
By l l s t a b l e l l  we mean t h a t  n o  s i g n i f i c a n t  i n c r e a s e  i n  R 2  can be 

o b t a i n e d  from the  i n c l u s i o n  o f  e x t r a  v a r i a b l e s .  Obviously R 2  
w i l l  n e v e r  be t r u l y  s t a b l e  i n  such a c a s e ,  s i n c e  t h e  a d d i t i o n  o f  
v a r i a b l e s  w i l l  a lways i n c r e a s e  R2 - i t  i s  t h e  r e l a t i v e  lljumpll i n  
R 2  a s s o c i a t e d  w i t h  e a c h  e x t r a  v a r i a b l e  which w i l l  be o f  
i n t e r e s t .  

l1 S i g n i f i c a n t f 1  v a r i a b l e s  a r e  t h o s e  whose c o e f f i c i e n t  v a l u e s  
can be shown d i f f e r e n t  from z e r o  w i t h  a  s t a t i s t i c a l  p r o b a b i l i t y  
of 95%. 

7  Yohe W, and Karnosky, D. I n t e r e s t  R a t e s  and P r i c e  L e v e l  
Changes, 1952-69. F e d e r a l  Reserve Bank o f t x o m e -  
1969. P. m e r e a f t e r ,  r e f e r e n c e s  r e f e r e n c e s  t o  Yohe and 
Karnosky w i l l  f o l l o w  from t h i s  paper .  



bond r a t e s .  Since d a t a  were ava i l ab le  f o r  Canada in  monthly 

form, the re  would seem nothing gained by aggregat ing the da ta  t o  

quar t e r ly  o r  year ly  form; hence monthly changes i n  nominal bond 

and i n f l a t i o n  r a t e s  were se lec ted  f o r  t h i s  study. Periods of 

l e s s  than a  month ( i . e .  weekly) were n o t  t e s t e d  due to  

n o n - a v a i l a b i l i t y  of data .  

The above mentioned study by Yohe and Karnosky a l s o  found 

evidence of two important c h a r a c t e r i s t i c s  with r e spec t  t o  length  

of p a s t  l a g  ( t ime horizon) in formation of i n f l a t i o n a r y  

expecta t ions  over the period 1952 - 1969. These f indings  were 1) 

a  l a g  of only 24 months i n  pas t  i n f l a t i o n  r a t e s  needed t o  be 

taken i n t o  account f o r  a  s a t i s f a c t o r y  explanat ion of 

expecta t ions  generat ion.  The addi t ion  of f u r t h e r  lagged 

v a r i a b l e s  of the i n f l a t i o n  r a t e  beyond l v t - 2 4 "  months l ed  t o  only 

minor inc reases  in  R2 values;  and 2 )  the length  of l a g  chosen 

had almost no impact upon c o e f f i c i e n t  values ( the v v b l v ' s  i n  

equation ( 6 )  . Further ,  beyond a  24  month l ag ,  c o e f f i c i e n t s  

tended t o  be small and i n s i g n i f i c a n t .  Both po in t s  lead t o  the 

important conclusion t h a t  expecta t ions  of f u t u r e  i n f l a t i o n  a r e  

drawn from very recent  pas t  p r i ce  changes, in  c o n t r a s t  w i t h  

e a r l i e r  s tud ies .  8 

A mean l a g  of approximately twenty years  was found i n  one 
study by  David Meiselman (ltBond Yields and the Pr ice  Level : The 
Gibson Paradox Regainedvv in  Deane Carson (ed . )  Bankin and 

d) +- Monetar Studies .  Homewood, I l l i n o i s ,  R.D. Irwin, 19 3. pp. 



T h i s  assumpt ion  was n o t  c a r r i e d  i n t o  t h e  Canadian 

c o u n t e r p a r t  o f  Y and K I s  s t u d y  f o r  r e a s o n s  o u t l i n e d  i n  s e c t i o n  

I. 1.1 which f o l l o w s .  A second major  f a c e t  of t h e  Y and K s t u d y  

was i n c o r p o r a t e d  i n t o  t e s t i n g  f o r  Canada, though, and t h i s  was 

w i t h  r e p e c t  t o  t h e  method employed when c o n s t r a i n i n g  t h e  "blI 

c o e f f i c i e n t s ,  as a means o f  a v o i d i n g  m u l t i c o l l i n e a r i t y  problems, 

i n  t h e  s t a t i s t i c a l  e s t i m a t i o n  of  an e q u a t i o n  such  a s  ( 6 ) .  Before  

t h e  procedure ,  known as Almon Lagging, was adop ted  f o r  Canadian 

d a t a ,  however, p r o p e r t i e s  o f  t h e  w e i g h t i n g  c o e f f i c i e n t s  

g e n e r a t e d  v i a  such a t echn ique  were examined (and o u t l i n e d  i n  

s e c t i o n  1 . 2 )  t o  e n s u r e  t h a t  t h e  c o e f f i c i e n t s  were b e i n g  

c o n s t r a i n e d  i n  a  t h e o r e  t i c a l l y  s e n s i b l e  manner. 

A f t e r  e s t a b l i s h i n g  t h e  o p t i m a l  number o f  l agged  p r i c e  l e v e l  

changes, "t-n-111, t o  be i n c l u d e d  i n  a  r e g r e s s i o n  such  as (61,  

( s e c t i o n  I. 1. l ) ,  and t h a t  t h e  Almon Lag p rocedure  does indeed 

g e n e r a t e  a  s a t i s f a c t o r y  decay w e i g h t i n g  sys tem ( s e c t i o n  I. 1 . 2 ) ,  

t h e  d e t a i l s  and r e s u l t s  o f  t e s t i n g  t h e  F i s h e r  E f f e c t  f o r  Canada, 

u s i n g  a model s i m i l a r  t o  Y and K 1 s ,  a r e  o u t l i n e d  i n  s e c t i o n  1.2. 

( c o n t l d ) ~ o h e  and Karnosky (op.  c i t .  ) a l s o  mention two s t u d i e s ,  
t h e  f i r s t  by Mil ton  Friedman and Anna Jacobson Schwartz (Trends  
i n  Mone Incomes and P r i c e s ,  1867-1966, unpub l i shed  manuscr ip t ,  
~ t d  Bureau o n c o n o m i c  Research,  Nov. 1966. Chapter  2, pp. 
110-143) which found a mean l a g  of  some t w e n t y - f i v e  t o  t h i r t y  
y e a r s ,  and a second s t u d y  done by S u r a j  B. Gupta (Expected  R a t e  
of  Change Of P r i c e s  R a t e s  o f  I n t e r e s t ,  unpub l i shed  - 
d i s s e r t a t i o n ,  U n i v e r s i t y  o f  ~ h i c a ~ o T 1 9 6 4 )  which found a mean 
l a g  of  around s i x t e e n  y e a r s .  



1.1.1. - The Opt imal  Time Horizon of  Past P r i c e  L e v e l  Changes --- 

Before  p r e s e n t i n g  t h e  e m p i r i c a l  r e s u l t s  a r i s i n g  from a 

Canadian c o u n t e r p a r t  o f  t h e  Y and K model, shown e a r l i e r  as (61,  

i t  would seem i n s t r u c t i v e  t o  " s i d e - s t e p 1 '  for1 t h e  moment i n t o  a  

v e r y  b r i e f  d i s c u s s i o n  abou t  one assumption made i n  t h e  U.S. 

s t u d y  r e g a r d i n g  t h e  number o f  c o e f f i c i e n t s  'kit which a r e  

r e l e v a n t .  

For  convenience ,  t h e  Y and K model i s  reproduced below a s  

( 6 a )  : 

( 6 a )  R N t  = a  + b l P t  + b2Pt-2 + . . . . . . 
+ b25Pt-24 

Such a d i v e r s i o n  would seem war ran ted  on t h e  grounds t h a t  

t h e  impact  o f  an  e x p e c t a t i o n  proxy may w e l l  v a r y  d r a m a t i c a l l y  i n  

a  one v a r i a b l e  c a s e  depending upon t h e  v a r i a b l e ' s  l e n g t h  o f  l a g  

cons ide red .  Yohe and Karnosky determined t h a t  a  24 month l a g  

c a p t u r e d  t h e  i m p o r t a n t  e f f e c t s  o f  f o r m u l a t i o n  o f  e x p e c t a i o n s .  A s  

w i l l  be shown, such  does  n o t  appear  t o  be t h e  case  f o r  Canada 

o v e r  t h e  same p e r i o d .  

U n f o r t u n a t e l y ,  e x a c t  d u p l i c a t i o n  between s t u d i e s  was n o t  

ach ieved  due t o  n o n - a v a i l a b i l i t y  o f  nominal  bond r a t e s  p r i o r  t o  

1955 (and l a t e r  i n  some c a s e s  - s e e  Data s e c t i o n ,  Page 11 

e a ' r l i e r ) ,  b u t  t h e  n o n - i n c l u s i o n  o f  d a t a  i n  t h e  e a r l y  1 9 5 0 ' s  



would n o t  seem t o  dangerously d i s t o r t  the comparabili ty between 

monthly Canadian and American r e s u l t s .  For reference,  Y and K ' s  

regression r e s u l t s  a r e  reproduced in  Chart I of the Appendix. 

Data f o r  Canadian nominal bond r a t e s  were chosen so as  t o  

include both p r iva te  sec to r  and government r a t e s ,  whereas Y and 

K d e a l t  exc lus ive ly  w i t h  p r iva te  s e c t o r  bond r a t e s .  Rather than 

s e l e c t i n g  a  r ep resen ta t ive  shor t  term and long term bond r a t e  t o  

correspond t o  Y and K ' s  two r a t e s ,  a l l  s i x  Canadian bond r a t e s  

were run separa te ly  a s  l e f t  hand s ide  v a r i a b l e s  in  equation ( 6 ) .  

Lags i n  percentage change of the consumer p r i ce  index f o r  24 ,  36 

and 4 7  months9 were regressed upon each s h o r t  and long term 

ra te .  Mathematically these regress ions  took the form: 

= .... ( 8 )  R N t  a  + b l P t  + b 2 P t - 1  t 

..... + b25Pt-24 

.... ( 9 )  R N t  = a t b l P t  + b2Pt-1 + 

........ + b37Pt-36 

.... (10)  R N t  = a + b l P t  + b 2 P t - 1  t 

Another s l i g h t  non-comparability f a c t o r  between s tud ies  
en tered  due t o  the computer rogram's i n a b i l i t y  i n  the Canadian 
study t o  process more than e 9 R.H.S. va r i ab les .  Hence, only 47 
( r a t h e r  than the des i red  48) lagged v a r i a b l e s  plus current  
in . f la t ion  r a t e  plus  a  cons tant  were run. 



I f  Y and K ' s  contention, ( t h a t  only l l t - 2 4 "  va r i ab les  

ma t t e r )  i s  c o r r e c t ,  the c o e f f i c i e n t s  a t tached t o  a l l  l l t - ( 2 4  + i ) l f  

- where i = 1 , 2 , .  . . .23 - c o e f f i c i e n t s  should be very small 

and/or n o t  s i g n i f i c a n t .  Graphically, each s e t  of c o e f f i c i e n t s  

from the 11t-2411,11t-3611 and llt-47" monthly runs on a  given 

i n t e r e s t  r a t e  appear p l o t t e d  on the same graph (X a x i s  = lag,  Y 

a x i s  = c o e f f i c i e n t )  i n  Charts I11 - V I I I  i n  the appendix. These 

c h a r t s  a r e  d i r e c t l y  comparable t o  Y and K1s Chart I. 

S ign i f i can t  llb" values a re  shown in  Chart I11 t o  V I I I  a s  a  

. and i n s i g n i f i c a n t  values a s  a  I @ ' ,  although the reader 

should be aware t h a t  due t o  m u l t i c o l l i n e a r i t y  these "t" t e s t  

values may be unre l i ab le .  

Two important observat ions may be drawn from the Canadian 

r e s u l t s  i n  Charts I11 - V I I I  with r e spec t  t o  varying the length  

of time horizons in  the one va r i ab le  model. F i r s t ,  the length  of 

l a g  chosen seems t o  have a g r e a t  e f f e c t  upon the magnitudes of 

c e r t a i n  c o e f f i c i e n t s ,  and genera l ly  upon R 2  values (although 

au tocor re la t ion  makes R2 and l l t l l  s t a t i s t i c s  somewhat 

u n r e l i a b l e ) .  For example, Chart 111, and t o  a  l e s s e r  e x t e n t  I V ,  

correspond roughly t o  Y and K 1 s  Chart I. Charts V " t o  V I I I ,  

however, a l l  i nd ica te  s t rong and s i g n i f i c a n t  c o e f f i c i e n t s  from 

roughly t-25 t o  t-36 months on the 36 month lag .  These a r e  so 

l a r g e  in  the case of the 3  month t r easury  b i l l  r a t e  and 1-3 year  

government bond average r a t e  t h a t  the c o e f f i c i e n t s  during the 
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t -25 t o  t-36 month period a re  of the same magnitude t o  

expectat ions a s  those found i n  the f i r s t  twelve months. 

The second poin t  worth no t ing  i n  comparing Canadian and 

U.S. s t u d i e s  i s  the d i f f e rence  in  R 2  s t a t i s t i c s ,  and in  the 

Canadian case,  the small Durbin-Watson s t a t i s t i c .  Yohe and 

Karnosky argue t h a t  increas ing  the l a g  from 2 4  t o  48 months 

boosts the R 2  from only .498 t o  .536 on the long term r a t e ,  and 

from .591 t o  .630 on the s h o r t  term r a t e .  L i t t l e  explanatory 

power i s  gained, then, by  looking back f u r t h e r  i n t o  the pas t  f o r  

expectat ions formation. The U.S. s tudy does n o t  mention a  

Durbin-Watson s t a t i s t i c .  

With the exception of Chart 111, a l l  Canadian regressions 

show a  marked increase  i n  R 2  values a t t r i b u t a b l e  t o  increas ing  

the l a g  from 24 t o  47 months (Charts  I V  and V show an almost 

doubling, f o r  example). Even more importantly,  however, i n  a l l  

cases  the Durbin-Watson s t a t i s t i c  i s  so low t h a t  severe 

au tocor re la t ion  i s  indica ted ,  making a l l  R 2  values unre l i ab le .  

It would seem l i k e l y  t h a t  Y and K would a l s o  have encountered 

t h i s  problem, although no mention i s  made of it.  

The conclusions a r i s i n g  from the Canadian - U.S. data  

comparison a re  two-fold. F i r s t ,  a  two year l a g  in  p r i ce  l e v e l  

changes does n o t  appear adaquate in  terms of explanatory power 

( l l s t a b i l i t y l l  of R 2  a s  l a g  i n c r e a s e s ) ,  nor  able  t o  

s a t i s f a c  t o r a l l y  generate  c o e f f i c i e n t s  (where l l s t a b i l i t y n  of 

c o e f f i c i e n t s  regardless  of whether longer  l a g  terms a r e  added i s  



d e s i r e d )  . l o  R a t h e r ,  i n  t h e  c a s e  o f  Canadian d a t a ,  a  47 month l a g  

a p p e a r s  s u p e r i o r  on t h e s e  grounds.  

The second conc lus ion  concerns  s t a t i s t i c a l  problems 

encoun te red  in t h e  one v a r i a b l e  l a g  procedure  under taken.  

A u t o c o r r e l a t i o n  proved s e v e r e  i n  t h e  monthly d a t a .  E q u a l l y  

p r o b l e m a t i c  was m u l t i c o l l i n e a r i t y ,  c a u s i n g  ve ry  u n s t a b l e  

c o e f f i c i e n t s  t o  be g e n e r a t e d  from an e q u a t i o n  such a s  ( 6 ) .  

S o l u t i o n s  t o  t h e s e  problems d i f f e r ,  o f  c o u r s e ,  b u t  i t  might  be 

mentioned t h a t  f i r s t  d i f f e r e n c i n g  t h e  raw d a t a  f a i l e d  i n  s e v e r a l  

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

A s  a  r e s u l t  o f  t e s t i n g ,  then ,  e q u a t i o n  ( 6 )  a p p e a r s  t o  be i n  

need of m o d i f i c a t i o n  t o  remove m u l t i c o l l i n e a r i t y .  The method 

employed f o r  such a t a s k  by Y and K i n  t h e i r  s t u d y  was t o  impose I 

a c o n s t r a i n t  upon t h e  we igh t s  ( c o e f f i c i e n t s  i n  ( 6 )  ), g e n e r a t e d  

v i a  t h e  Almon Lag procedure .  In t h e  f o l l o w i n g  s e c t i o n ,  t h e  

we igh t ing  c o e f f i c i e n t s  g e n e r a t e d  by such a procedure  a r e  

examined f o r  Canadian p a s t  r a t e s  o f  i n f l a t i o n ,  o v e r  a  p e r i o d  

l o n g e r  than  " t -24"  months (which i s  t h e  p e r i o d  Y and K s e l e c t )  

f o r  r e a s o n s  o u t l i n e d  above. 

lo  Here we r e f e r  t o  s t a b i l i t y  p r i m a r i l y  i n  t h e  s e n s e  o f  t h e  
magnitude o f  "bU v a l u e s  w i t h  r e s p e c t  t o  t h e  l a g  chosen. I f  
i n c r e a s i n g  t h e  l a g  d r a m a t i c a l l y  changes t h e  weight  of a  g i v e n  
p a s t  p r i c e  p r i c e  l e v e l  change, we canno t  be s a t i s f i e d  w i t h  
a r b i t r a r i l y  c u t t i n g  o f f  t h e  l a g g i n g  exper iment  a t  t h a t  p o i n t .  
Ra the r ,  t h e  l a g  shou ld  be ex tended  u n t i l  r e l a t i v e  s t a b i l i t y  i s  
reached  . 



1 . 1 . 2  Almon Lags and Canadian I n t e r e s t  R a t e s  

I r v i n g  F i s h e r  b e l i e v e d  an a r i t h m e t i c a l l y  d e c l i n i n g  

we igh t ing  system f o r  p a s t  l e v e l s  o f  p r i c e  changes would be 

adequa te  w i t h  r e s p e c t  t o  g e n e r a t i n g  an e x p e c t a t i o n s  f u n c t i o n  - 
i . e .  a  weight  o f  9 f o r  p e r i o d  t-1, 8 f o r  t - 2  and s o  on, d i v i d e d  

by t h e  sum of  t h e  weights ,  t o  y i e l d  c o e f f i c i e n t  c o n s t r a i n t s  f o r  

p a s t  p r i c e  v a r i a b l e s .  The problems w i t h  such a  method 

conce ivab ly  a r i s e  due t o  t h e  a p p r o a c h ' s  need f o r  t h e  a r b i t r a r y  

choos ing  o f  some t ime p e r i o d  o v e r  which t o  a p p l y  t h e  weights ,  

and, i n  a  d i f f e r e n t  v e i n ,  t h e  u n c e r t a i n t y  as t o  whether  I n  f a c t  

a r i t h m e t i c a l l y  d e c l i n i n g  we igh t s  a c c u r a t e l y  c a p t u r e  the  

e x p e c t a t i o n s  g e n e r a t i n g  p rocess .  It might  be argued,  f o r  

example, t h a t  e x p o n e n t i a l l y  decaying,  o r  f o r  t h a t  m a t t e r ,  a lmos t  

any decay p a t t e r n  would be "a p r i o r i "  as r e a s o n a b l e  a  we igh t ing  

system from t h e o r y  as an a r i t h m e t i c  decay p rocess .  

F o r t u n a t e l y ,  t h e  Almon Lag p rocedure  o f f e r s  a  s o l u t i o n  t o  

t h e  l a t t e r  of t h e s e  problems. By s e l e c t i n g  a  we igh t ing  p a t t e r n  

which maximizes e x p l a n a t o r y  power v i s - a - v i s  changes i n  t h e  l e f t  

hand s i d e  v a r i a b l e ,  t h e  Almon Lag method e n s u r e s  t h a t  t h e  

we igh t s  imposed a r e  a t  l e a s t  o p t i m a l  from t h e  s t a n d p o i n t  o f  

impact  o f  independen t  v a r i a b l e s  upon t h a t  v a r i a b l e  which i s  t o  

be e x p l a i n e d .  The a r b i t r a r y  c h o i c e  d e c i s i o n  i s  n o t  e l i m i n a t e d ,  

however, a s  t h e  l e n g t h s  o f  l a g  s e l e c t e d ,  and t h e  degree  o f  

polynomial  must be s p e c i f i e d .  The Almon Lag procedure  a l s o  



r a i s e s  t h e  uncomfor table  p o s s i b i l i t y  t h a t  t h e  we igh t s  s e l e c t e d  

by such  c r i t e r i a  might  n o t  even d e c l i n e  g e n e r a l l y  over  t ime.  11 

The q u e s t i o n  o f  choos ing  t h e  b e s t  l a g  p e r i o d  'It-n-1" was 

d i s c u s s e d  f o r  Canadian d a t a  i n  t h e  l a s t  s u b - s e c t i o n  o f  t h i s  

paper .  A t ime hor izon  o f  47 months was s e l e c t e d  on t h e  grounds 

o f  s t a b i l i t y  o f  c o e f f i c i e n t  v a l u e s  and on t h e  r e l a t i v e  

s t e a d i n e s s  o f  R 2  v a l u e s  w i t h  such a  l a g .  When a p p l y i n g  t h e  

computer program,12 however, a maximum o f  o n l y  45 lagged v a l u e s  

c o u l d  be inc luded .  T h i s  r e s t r i c t i o n  would n o t  seem an i m p o r t a n t  

problem - -  i n  f a c t  t h e  v a r i a b l e s  l o s t  a r e  i n  a l l  c a s e s  s m a l l  and 

i n s i g n i f i c a n t .  

The " c o r r e c t l I  degree  o f  polynomial  a s  a p o s t u l a t e d  decay 

p a t t e r n  i s  a  much more d i f f i c u l t  s e l e c t i o n  t a s k ,  s i n c e  t h e o r y  i s  

o f  l i t t l e  h e l p  i n  t h i s  m a t t e r .  A degree  1 polynomial  can l i k e l y  

be r e j e c t e d  on t h e  grounds  t h a t  some r e c o g n i t i o n  l a g  e x i s t s ,  and 

-....111"..-1111"""".. 

For  example, a degree  2  polynomial  might  a p p e a r  a s  f o l l o w s :  
I1bI1 n 

l2 The program a l l u d e d  t o  i s  t h e  "Massager 1973" progam. I n  
a d d i t i o n ,  a  c o n s t r a i n t  o f  b=O must be imposed a s  t h e  l a s t  
c o e f f i c i e n t  o f  any Almon Lag. Hence o n l y  4 4  non-zero  v a l u e s  were 
ob-tained . 



t h u s  t h e  we igh t s  o f  decay c o e f f i c i e n t s  might  w e l l  r i s e  b e f o r e  

d e c l i n i n g  over  some range.  Yohe and Karnosky dec ided  upon a  

degree  6 polynomial  i n  t h e i r  s t u d y ;  indeed  a  r e a s o n a b l e  

r a t i o n a l e  cou ld  l i k e l y  be found f o r  most d e g r e e s ,  i n c l u d i n g  t h e  

l a r g e s t  p o s s i b l e  which t h e  computer program w i l l  hand le ,  s i n c e  

t h i s  i s  t h e  l e a s t  a r b i t r a r y  (most  r e s p o n s i v e )  o p t i o n .  

T h i s  s t u d y  fo l lowed  Y and K t s  d e c i s i o n  a s  t o  a degree  6 

polynomial ,  however, f o r  two reasons .  F i r s t ,  u s i n g  t h e  same 

polynomial  decay p a t t e r n  i n c r e a s e d  t h e  c o m p a r a b i l i t y  between 

s t u d i e s ,  which was deemed d e s i r a b l e .  More i m p o r t a n t l y ,  though, a 

degree  6 polynomial  l l f i t t e d n  t h e  u n c o n s t r a i n e d  c o e f f i c i e n t s  w e l l  

( s e e  C h a r t s  I11 - VIII, f o r  example) and a l lowed good 

f l e x i b i l i t y  i n  c h o i c e s  o f  "bll p a t t e r n s .  

Having s e l e c t e d  t h e  shape and l e n g t h  o f  decay f o r  we igh t ing  

a  r e g r e s s i o n  such  a s  (11) : 

we a r e  i n  a  p o s i t i o n  t o  a n a l y z e  whether  t h e  Almon Lag procedure ,  

which Y and K i n c o r p o r a t e d  i n t o  t h e i r  s t u d y ,  g i v e s  r i s e  t o  

t h e o r e t i c a l l y  s e n s i b l e  r e s u l t s  when a p p l i e d  t o  Canadian d a t a .  I n  

p a r t i c u l a r ,  we shou ld  be examining t h e  r e s u l t s  f o r  two f e a t u r e s .  

F i r s t ,  t h e  shape o f  decay w e i g h t i n g  f u n c t i o n  shou ld  be 

markedly d i f f e r e n t  f o r  s h o r t e r  v e r s u s  l o n g e r  term bond r a t e s .  

T h i s  i s  s o  because i n  t h e  c a s e  o f  s h o r t  term bonds, most r e c e n t  
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p r i c e  l e v e l  changes a r e  far  more l i k e l y  t o  a f f e c t  a  bond 

h o l d e r ' s  e x p e c t a t i o n s  than  would be t h e  c a s e  w i t h  t h e  h o l d e r  o f  

a  l o n g e r  term bond, whose r e t u r n s  d u r i n g  m a t u r i t y  o f  t h e  bond 

w i l l  be s u b j e c t  t o  i n f l a t i o n  r a t e  changes o v e r  a  g r e a t e r  p e r i o d .  

Secondly, t h e  magni tudes  o f  "tl' s c o r e s  i n  t h e  l o n g e r  term 

bond r a t e s  shou ld  be n o t i c e a b l y  d i f f e r e n t  from s h o r t e r  term 

r a t e s  as more d i s t a n t  i n f l a t i o n  r a t e s  a r e  c o n s i d e r e d .  Over a  

l o n g  l a g  t h e r e  w i l l  a lways be some c o r r e l a t i o n  between changes 

i n  d i s t a n t  p r i c e  l e v e l s  and c u r r e n t  movements i n  a nominal  bond 

r a t e .  However, i n  t h e  c a s e  o f  l o n g e r  term bonds, t h e  r e l e v a n t  

p a s t  h o r i z o n  should  be l o n g e r  than  i s  found w i t h  s h o r t e r  term 

bonds, a s  was argued above. A s  such,  t h e  same d i s t a n t  i n f l a t i o n  

r a t e  change may have m i n i s c u l e  r e l e v a n c e  t o  a s h o r t  term bond 

over  r e p e a t e d  samples,  w h i l e  having a  d i s t i n c t  e f f e c t  on 

e x p e c t a t i o n s  f o r  a l o n g e r  term bond. 

A s  an example, c o n s i d e r  a  change i n  p r i c e  l e v e l  o c c u r r i n g  

24 months i n  t h e  p a s t .  To a  s h o r t  term bond buyer o f  90 days o r  

l e s s ,  t h i s  change would l i k e l y  be un impor tan t  - -  c e r t a i n l y  i n  

r e l a t i o n  t o  changes w i t h i n  t h e  p a s t  y e a r .  To a  p o t e n t i a l  buyer  

o f  a  f i v e  y e a r  bond, on t h e  o t h e r  hand, t h i s  change may be o f  

s u b s t a n t i a l  impact  t o  t h e  premium demanded as compensation f o r  

i n f l a t i o n  o v e r  t h e  n e x t  f i v e  y e a r s .  The same movement i n  

i n f l a t i o n  d u r i n g  p e r i o d  'It-24" months, then ,  i s  t h e o r e t i c a l l y  o f  

o n l y  t r i v i a l  importance t o  t h e  i n f l a t i o n a r y  component o f  a term 

bond, whi le  b e i n g  an i m p o r t a n t  d e t e r m i n a n t  i n  t h e  nomimal 

28 



i n t e r e s t  r a t e  of a  longer term bond. S t a t i s t i c a l l y ,  such a 

r e l a t i o n s h i p  over repeated sampling should be evidenced by an 

i n s i g n i f i c a n t  c o e f f i c i e n t  I1b25l1 f o r  the s h o r t  term bond, but a  

s i g n i f i c a n t  c o e f f i c i e n t  11b2511 f o r  the longer  term bond, q u i t e  

a p a r t  from the magnitude of each respect ive  "b2511 c o e f f i c i e n t .  

To repeat ,  then, "a p r i o r i n  we should expect two f e a t u r e s  

of a  des i rab le  weighting pa t t e rn .  F i r s t ,  c o e f f i c i e n t s  on s h o r t  

term expecta t ions  should be l a rge  with r e spec t  t o  recent  pas t  

p r i ce  l e v e l  changes, decreasing rapid ly .  Long term expectat ions 

should be generated over a  longer  pas t  horizon, and weighted 

more evenly. Hence, we would expect smaller  c o e f f i c i e n t s  over a  

longer  period f o r  long term bond r a t e s .  Secondly, we would 

expect more non-relevant c o r r e l a t i o n  with s h o r t  term 

expecta t ions  and more d i s t a n t  l a g s  than would be the case f o r  

longer term expectat ions.  S t a t i s t i c a l l y ,  f o r  l a g s  of the same 

length,  t h i s  should appear a s  l a r g e r  "tn scores  with longer term 

bonds than would be found with s h o r t e r  term bonds, e s p e c i a l l y  i n  

the more d i s t a n t  past .  

Table I shows the f i r s t  t h i r t y - s i x  c o e f f i c i e n t  l a g  values 

from equation ( l l ) ,  f o r  each of the s i x  nominal i n t e r e s t  r a t e s  

se lec ted .  Due t o  au tocor re la t ion ,  a  Hildre  th-Lu modification was 

appl ied a f t e r  generat ion of c o e f f i c i e n t s ,  meaning the "t" scores  



Table  I 

R N t  = f(A1mon P t.. . .P t -47 ) ;  Hi ldre th-Lu;  1955-78 

y e a r  1 
.269(4.0)  
.264(3.4)  
.241(2.8) 
.221(2.4)  
.205(2.1)  . l g l ( 2 . 0 )  . l 7 9 ( 1 *  9 )  
. l 6 8 ( l .  8 )  

159(1* 8 )  . l 7 2 ( 2 . l )  
.165(2.0) 
.159(1.9) 
.154(1*7)  . l 4 9 ( l .  6 )  
.145(1.6) 
.142(1.5) 
*138(1* 5 )  
.135(1.5) 
.134(1.5) 
. 132(1*5)  
.130(1.6) 
.129(1.6) 
.128(1.6) 
.128(1.6) . l 2 8 ( l .  5 )  
.128(1.5) 
.129(1.4)  
.130(1.4) 
.131(1.4)  
.I32 (1.4)  
.133(1.4)  
*134(1.5)  
.134(1*5)  
. I34 (1.6)  
.134(1.6) 
.132 (1.6)  
*129(1.5)  

Sums6.35 



(shown i n  brackets )  should be re l i ab le .13  A s  may be seen, Almon 

Lag generated c o e f f i c i e n t s  stand up well  i n  r e l a t i o n  t o  the "a 

p r i o r i n  condi t ions out l ined .  Short term r a t e s ,  e s p e c i a l l y  the 30 

day and 90 day r a t e s ,  do in  f a c t  show assoc ia ted  l a rge  "recent"  

c o e f f i c i e n t s  which quickly drop t o  below the . l o 0  l e v e l  ( t - 1 7 ) .  

By c o n t r a s t ,  the 1-3 year  average government bond r a t e  i s  s t i l l  

above the ,100 l e v e l  a f t e r  "t-36" months. The 3-5 year r a t e ,  i n  

f a c t ,  shows s i g n i f i c a n t  c o e f f i c i e n t s  g r e a t e r  than .I50 a t  "t-36" 

months. The f i r s t  condi t ion,  then, t h a t  s h o r t e r  term r a t e s  be 

associa ted  with l a r g e r  e a r l y  c o e f f i c i e n t s ,  dropping in  magnitude 

quickly compared w i t h  longer r a t e s ,  appears s a t i s f i e d  general ly .  

In the case of the 3  month t reasury  b i l l  r a t e  , however, i t  

might be noted t h a t  the c o e f f i c i e n t s  do n o t  dec l ine  a s  r ap id ly  

i n  weight a s  might be expected. 

The second fea tu re  of Table I worth no t ing  i s  t h a t  "t" 

scores  r e a c t  genera l ly  a s  predic ted  w i t h  respect  t o  type of bond 

""""""""""""""1""" 

We noted only t h a t  " tu scores  "shouldft be r e l i a b l e  s ince the 
I 

I 

Durbin-Watson s t a t i s t i c  f o r  these runs could n o t  be t e s t ed ,  due 
I 

I 

t o  the l ack  of s ign i f i cance  t a b l e s  f o r  l a r g e  numbers of I 

v a r i a b l e s  and observations.  The l a r g e s t  values commonly 
ca lcu la ted  a re  f o r  5  explanatory va r i ab les  and 1 0 0  observations 
- t h i s  study used 4 4  explanatory v a r i a b l e s  and 2 0 0 t  
observations.  The boundaries f o r  k=5, n=100 case a re  
D.W. (upper)=  1.65 and D.W. ( lower)=  1 . 4 4  a t  the 1% c e r t a i n t y  
l e v e l .  Calculated Durbin-Watson s t a t i s t i c s  i n  t h i s  study were: 
30 day f inance co. paper r a t e  = 1.84 ; 90 day f inance co. paper 
r a t e  = 1.65 ; 3 month government bond r a t e  = 1 . 4 2  ; 6 month 
government bond r a t e  = 1.50 ; 1-3 year  government bond r a t e  = 
1 . 4 2  ; and 3-5 year government bond r a t e  = 1.39 . Therefore, the 
" tn value shown i n  brackets  i n  Table I should almost c e r t a i n l y  
be, accurate .  



and length  of  l a g  of i n f l a t i o n .  For s h o r t e r  term r a t e s ,  only 

recent  weights a r e  subjec t  t o  small standard e r r o r s ,  while in  

the longer  term r a t e s ,  c o e f f i c i e n t s  r e t a i n  s ign i f i cance  f u r t h e r  

i n t o  the pas t .  Again, however, the 3 month t reasury  b i l l  r a t e  

d i d  n o t  conform t o  expectat ions.  The 1-3 year  bond r a t e  a l s o  

showed su rp r i s ing ly  s h o r t  l i v e d  s i g n i f i c a n t  c o e f f i c i e n t s  . 
To t h i s  poin t  we have attempted t o  e s t a b l i s h  the 

appropriateness  of two assumptions which a r e  incorporated i n t o  

the r e s t  of P a r t  I of  t h i s  study - t h a t  a  period Ift-n-1" should 

be of no l e s s  than 4 7  months, and t h a t  the Almon Lag procedure 

genera tes  e s t ima tes  of "b" c o e f f i c i e n t s  f o r  equation (11) which 

a r e  compatible with theory. The nex t  three  sec t ions  o u t l i n e  the 

t e s t i n g ,  and conclusions a r i s i n g  from, the  Fisher  Effec t  

r e l a t i o n s h i p  be tween Canadian nominal i n t e r e s t  r a t e s  and 

i n f l a t i o n a r y  expecta t ions ,  based upon the t rends  deduced from 

pas t  behavior of an economic s e r i e s  o r  

1 . 2  Empirical  Resu l t s  of Tes t ing  Canad -- - 

s e r i e s .  

ian  Nomina - 
I n t e r e s t  Rates Under the Modified Y and K --- ---  

Assumptions 

When t e s t i n g  Y and K ' s  c o n s t r a i n t  weighted model, 

mathematically represented e a r l i e r  a s  equation (11 1, and 

reproduced below f o r  convenience a s  ( l l a )  : 



l l a )  R N t  = a + b l P t  + b2Pt-1 + . ... 
+ b45Pt-44 

two s e p a r a t e  r u n s  were made i n  a d d i t i o n  t o  t e s t i n g  t h e  d a t a  f o r  

t h e  p e r i o d  1955-1978. The d a t a  were s p l i t  i n t o  pre-1969 and 

post-1969 groups,  s i n c e  t h e  p e r i o d  1969-78 might  be hypo thes ized  

as b e i n g  s u b j e c t  t o  s t r o n g e r ,  o r  a t  l e a s t  l a r g e r ,  e x p e c t e d  

i n f l a t i o n  r a t e s  than  t h e  p e r i o d  1955-1968. The r e s u l t s  of t h e s e  

r u n s  a r e  shown i n  Char t  I X  of t h e  Appendix. Table  I1 l i s t s  t h e  

same d a t a  a f t e r  t h e  Hi ld re th -Lu  m o d i f i c a t i o n  was a p p l i e d  t o  

remove a u t o c o r r e l a t i o n .  

The most i n t e r e s t i n g  f a c e t  o f  Tab le  I1 may w e l l  be the  

v a l u e  o f  l1aV , which i s  t h e  c o n s t a n t  v a r i a b l e  i n  e q u a t i o n  (11). 

Since  t h e  one v a r i a b l e  h y p o t h e s i s  s u g g e s t s  t h a t  o n l y  p r i c e  l e v e l  

changes a f f e c t  nominal  i n t e r e s t  r a t e s ,  t h i s  c o n s t a n t  becomes an 

e s t i m a t e  o f  t h e  " r e a l  r a t e n  component o f  nominal  bond r a t e s  f o r  

t h e  p e r i o d s  shown. I I 

Excluding t h e  two t r e a s u r y  b i l l  r a t e s  momentari ly,  an 

i n t e r e s t i n g  p a t t e r n  emerges when scann ing  t h e  columns of Table  

I1 v e r t i c a l l y .  I n  a l l  c a s e s  t h e  v a l u e s  of 'lan i n c r e a s e  w i t h  t h e  

l e n g t h  t o  m a t u r i t y  o f  t h e  bond. T h i s  f i n d i n g  s u p p o r t s  t h e  

argument t h a t  t h e  r e a l  r e t u r n  on a  l o n g e r  term inves tment  shou ld  

be g r e a t e r  than  on a  s h o r t e r  term, t o  compensate t h e  h o l d e r  f o r  



Table  I1 

1955 -1968 1969-1978 1955-1978 

1. 30 a = 2.106 (5.39) a = 3.62 (2.47) a = 3.141 (5.17) 
day  R2 = .931 R2 = .913 R2 = .952 

P = .790 P = .913 P = .gll 
D.W. = 1.77 D.W. = 1.82 D.W. = 1.83 

2. 90 a = 2.395 (1.80) a = 4.001 (2.70) a = 3.319 (4.78) 
day R2 = .917 R2 = .917 R2 = .949 

P = 0957 P = .917 P = .929 
D.W. = 1.47 D.W. = 1.79 D.W. = 1.65 

3. 3 a = 1.87 (2.30) a = 2.294 (1.37) a = 2.34 (3.34) 
m o n  R2 = .879 R2 = .971 R2 = .966 

P = .go3 P = .976 P = .950 
D.W. = 1.67 D.W. = 1.04 D.W. = 1.42 

4. 6 a =  2.266 (4.21) a =  2.833 (1.80) a =  3.005 (4.89) 
m o n  R2 = .871 R2 = -963 R2 = .960 

P = .831 P = .964 P = 0935 
D.W. = 1.67 D.W. = 1.25 D.W. = 1.50 

5. 1-3 a = 2.686 (4.72) a = 4.793 (4.89) a = 3.632 (7.85) 
year R2 = .877 R2 = .924 R2 = .955 

P = .885 P = .925 P = .924 1 

D.W. = 1.59 D.W. = 1.32 D.W. = 1.42 I 

6. 3-5 a = 3.14 (5.52) a = 5.402 (6.93) a = 4.04 (9.39) 
year R2 = .896 R2 = .916 R2 = .960 

P = .915 P = .g10 P = .931 
D.W. = 1.46 D.W. = 1.39 D.W. = 1.39 

w h e r e  a = constant  
R2 = exp la ined  v a r i a t i o n  f r o m  r e s idua l s  
P = rho 
D.W. = D u r b i n - W a t s o n  S t a t i s t i c  



t h e  inconvenience  o f  i l l i q u i d i t y .  The reason  t r e a s u r y  b i l l s  were 

exc luded  i s  t h a t  they  a r e  h e l d  l a r g e l y  by banks a s  r e s e r v e s .  By 

law t h e s e  i n s t i t u t i o n s  must h o l d  t r e a s u r y  b i l l s ;  hence t h e  r e a l  

r e t u r n  on t h e s e  i n s t r u m e n t s  i s  most l i k e l y  i n f l u e n c e d  by f a c t o r s  

o t h e r  than  t h e  llcash - i l l i q u i d i t y f 1  c h o i c e  which t h e  p u b l i c  

f a c e s .  

A second f e a t u r e  o f  i n t e r e s t  i n  Table  I1 comes from r e a d i n g  

a c r o s s  t h e  columns h o r i z o n t a l l y .  I n  a l l  c a s e s ,  t h e  va lue  o f  lfaff 

i s  g r e a t e r  i n  t h e  post-1969 than pre-1969 p e r i o d .  T h i s  cou ld  be 

because ,  i n  f a c t ,  t h e  r e a l  r a t e  o f  r e t u r n  h a s  i n c r e a s e d  over  

t ime,  b u t  t h i s  seems u n l i k e l y .  Ra the r ,  i t  would seem p l a u s i b l e  

t o  i n t e r p r e t  t h i s  rise t o  non p r i c e - e x p l a n a t o r y  v a r i a b l e s  which 

a r e  m i s s i n g  from e q u a t i o n  (11). I n  o t h e r  words, i f  f a c t o r s  o t h e r  

than  p a s t  i n f l a t i o n  r a t e s  have become i n c r e a s i n g l y  i m p o r t a n t  

s i n c e  1969 i n  d e t e r m i n i n g  e x p e c t a t i o n s ,  t h e  i n f l u e n c e  of t h e s e  

v a r i a b l e s  cou ld  show o n l y  i n  t h e  c o n s t a n t  term. If such  were t h e  

c a s e ,  t h e  r e a l  r a t e  need n o t  have i n c r e a s e d ,  ( i n d e e d  i t  may have 

even d e c r e a s e d ) ,  b u t  t h e  one v a r i a b l e  h y p o t h e s i s  can a t t r i b u t e  

%on-lagged i n f l a t i o n  v a r i a t i o n f 1  on ly  t o  t h e  c o n s t a n t  i n  t h i s  

model. We w i l l  r e t u r n  t o  t h i s  p o s s i b i l i t y  l a t e r  i n  the  paper ,  

when c o n s i d e r i n g  t h e  m u l t i v a r i a b l e  a l t e r n a t i v e  o f  . a d a p t i v e  

e x p e c t a t i o n s ,  and i n  the  Conclus ions  s e c t i o n ,  where t h e  e f f e c t s  

o f  changes  i n  t a x a t i o n  a r e  c o n s i d e r e d .  

F i n a l l y ,  i t  i s  worth n o t i n g  t h a t  Y and K found c o n s t a n t  

v a l u e s  s i m i l a r  t o  those  i n  Canada i n  t h e i r  U. S. s t u d y  over  t h e  



same pe r i od .  For  t h e  y e a r s  1952-1969, Y and K c a l c u l a t e d  a  

c o n s t a n t  f o r  t he  s h o r t  term r a t e  o f  2.283, and a  long  term r a t e  

c o n s t a n t  o f  3.090 over  an uncons t ra ined  , 48 lagged ( i n f l a t i o n  

r a t e )  r e g r e s s i o n .  These v a l u e s  appear  q u i t e  c l o s e  t o  Canadian 

r e s u l t s  i n  the  s i m i l a r  pe r i od ,  a s  t heo ry  would p r e d i c t .  

While the  Almon Lag method employed by Y and K y i e l d s  

u s e f u l  in fo rmat ion  abou t  t he  c o n s t a n t  te rm i n  e q u a t i o n  ( l l ) ,  an 

impor t an t  c o n s i d e r a t i o n  remains unexplored,  and t h i s  i s  t he  

r e l a t i v e  impact  which a  change i n  p a s t  p r i c e s  h a s  d i r e c t l y  upon 

nominal  i n t e r e s t  r a t e s .  For  example, i f  e x p e c t a t i o n s  a r e  f u l l y  

c ap tu r ed  in i n t e r e s t  r a t e s  we would e x p e c t  a  c o e f f i c i e n t  va lue  

o f  "c  = 1 . 0 0 "  i n  e q u a t i o n  ( 1 2 )  : 

( 1 2 )  Rnt = a + cP**t 
I 

where P**t  i s  t he  " b e s t  gues su  a t  t he  expec ted  r a t e  o f  i n f l a t i o n  

a t  t ime "tn.  If e x p e c t a t i o n s  a r e  conve r se ly  n o t  t r a n s l a t e d  i n t o  

nominal i n t e r e s t  r a t e s  a t  a l l ,  " cn  shou ld  have a  va lue  o f  ze ro .  i 

It might  be no t ed ,  a s  an a s i d e ,  t h a t  e q u a t i o n  ( 1 2 )  i s  simply 

e q u a t i o n  (1) w r i t t e n  i n  s t a t i s t i c a l  e s t i m a t i o n  form. 

In t h e  n e x t  s e c t i o n  o f  Part I, an e q u a t i o n  such a s  ( 1 2 )  

w i l l  be e s t i m a t e d .  Separa te  r uns  w i l l  be made, a s  be fore ,  f o r  

the  p e r i o d s  1955-1978, 1955-1968, and 1969-1978. 



1.3 I n d i r e c t  Almon Lags and Nominal I n t e r e s t  R a t e s  

Before  an  e q u a t i o n  such a s  ( 1 2 )  could  be e s t i m a t e d ,  a  

v a r i a b l e  P**t  was needed.  T h i s  " b e s t  g u e s s f f  as o f  t ime "t" a t  

t h e  e x p e c t e d  i n f l a t i o n  r a t e  shou ld  be g e n e r a t e d ,  a c c o r d i n g  t o  

t h e  one v a r i a b l e  model, from changes i n  p r e s e n t  and p a s t  p r i c e  

l e v e l s .  Given t h e  d e s i r a b l e  c h a r a c t e r i s t i c s  o f  Almon Lag 

determined c o e f f i c i e n t s  o u t l i n e d  e a r l i e r ,  a s u i t a b l e  method f o r  

o b t a i n i n g  an e s t i m a t e  o f  P**t  would seem t o  be v i a  r e g r e s s i n g  

p r e s e n t  i n f l a t i o n  r a t e s  upon p a s t  weighted r a t e s ,  and u s i n g  t h e  

lfP h a t "  v a l u e  ( c a l c u l a t e d  i n f l a t i o n  r a t e )  as P**t .  T h i s  was, i n  

f a c t ,  t h e  procedure  under taken .  

The r e s u l t s  o f  e s t i m a t i n g  e q u a t i o n  ( 1 2 )  a r e  shown i n  Char t  

X of t h e  Appendix. Table  I11 shows t h e  same r e s u l t s  a f t e r  t h e  

H i l d r e  th-Lu m o d i f i c a t i o n  was used,  a g a i n  t o  remove 

a u t o c o r r e l a t i o n .  The major  d i f f e r e n c e  between t h e s e  two e x h i b i t s  

i s  t h e  l a r g e  change i n  "c" v a l u e s  - from magni tudes  o f  g r e a t e r  

than  5.00 in C h a r t  X t o  approx imate ly  1.50 i n  Table 111. The 
I 

magni tudes  o f  f f c f f  i n  Table  I11 shou ld  be more r e l i a b l e  than  i n  
I 

Char t  X, however, s i n c e  t h e  t r a c k i n g u  o f  r e s i d u a l s  c a u s i n g  

a u t o c o r r e l a t i o n  may l e a d  t o  s e r i o u s  d i s t o r t i o n s  i n  a g iven  

sample, such  a s  a p p e a r s  i n  Char t  X. Once t h i s  " t r a c k i n g  has  

been c o r r e c t e d ,  a s  i n  Table  111, t h e  c o e f f i c i e n t  shou ld  assume a 

more a c c u r a t e  s t a t i s i c a l  e s t i m a t e  o f  t h e  t r u e  r e l a t i o n s h i p .  



T a b l e  I11 

R N t  = a + b P Q t  
(where P t  = d l P t  + d 2 P t - 1  . . . . . d 4 5 P t - 4 4 )  

1. 30 a = 4 . 7 2 0 ( 5 . 8 1 )  
Day b = l.lll(1.11) 

R2 = - 9 1 7  
P = .962 
D.W. = 1 .74  

2. 90 a = 4 .564 (4 .95 )  
Day b =  1 . 1 3 9 ( 1 . 3 1 )  

R2 = . 898  
P = . 971  
D.W. = 1.36 

3.  3  a = 4 .025(6 .32)  
mon b = 1 . 0 2 8 ( 1 . 0 9 )  
T.B. R2 = . 863  

P = - 9 4 9  
D.W. = 1 .60  

4. 6  a = 4 .225 (7 .79 )  
mon b = 2 .096 (2 .07 )  
T.B. R2 = . 863  

P = .932 
D.W. = 1 .63  

5. 1 - 3  a = 4 .527 (7 .42 )  
y e a r  b = 1 . 0 8 2 ( 1 . 4 3 )  

R2 = . 861  
P = - 9 5 9  
D.W. = 1 .58  

a = 6 .081 (6 .06 )  
b = 2 .524 (2 .10 )  
R2 = .go9 
P = .936 
D.W. = 1 .79  

a = 6 . 5 4 2 ( 6 . 3 3 )  
b = 2 .089 (1 .78 )  
R2 = .912 
P = . 943  
D.W. = 1 .74  

a = 7 . 2 1 1 ( . 0 0 0 )  
b = 1 . 0 4 9 ( 1 . 5 4 )  
R2 = . 967  
P = 1 .00  
D.W. = . 961  

a = 6 .628 (4 .36 )  
b = 1 . 2 7 1 ( 1 . 6 9 )  
R2 = . 961  
P = .984 
D.W. = 1 . 2 1  

a = 5 .869 (9 .22 )  
b = 2 . 3 7 1 ( 3 . 2 5 )  
R2 = .92O 
P =  .942 
D.W. = 1 .22  

( T a b l e  I11 con1 t n e x t  page) 

3 8  

a = 5 .442(6 .01)  
b = 1 .984 (2 .46 )  
R2 = .947 
P  = . 965  
D.W. = 1 . 7 9  

a = 5 . 5 3 5 ( . 0 0 0 )  
b = . 966(1 . ,71)  
R2 = . 955  
P = 1 .00  
D.W. = 1.32 

a = 5 .393 (5 .27 )  
b = 1 . 6 2 2 ( 2 . 6 7 )  
R2 = - 9 5 9  
P  = . 978  
D.W. = 1 .49  

a = 5 .154 (6 .20 )  
b = 1 .860 (3 .42 )  
R2 = .947 
P  = - 9 7 7  
D.W. = 1 .43  



Table 111 (con '  t )  

6. 3-5 a  = 4.912(4.78) a =  6.557(11.64) a  = 5.650(.000) 
y e a r  b = 1 . 0 5 2 ( 1 . 7 7 )  b = 1 . 7 5 9 ( 2 . 6 6 )  b = 1 . 3 3 1 ( 2 . 9 4 )  

R 2  = .872 R2 = .go9 R2 = .954 
P = -985  P = 939 . P = 1.00 
D.W. = 1.44 D.W. = 1.28 D.W. = 1.37 

where a  = c o n s t a n t  
b = s l o p e  c o e f f i c i e n t  
R2 = e x p l a i n e d  v a r i a t i o n  from r e s i d u a l s  
P = c o r r e l a t i o n  c o e f f i c i e n t  
D.W. = Durbin-Watson S t a t i s t i c  

A s  mentioned,  t h e  v a l u e  o f  l lc l l  shou ld  n o t  exceed 1 .00  i n  

t h e  l o n g  run. In fo rmat ion  t aken  from Table  111, then,  would seem 

t o  i n d i c a t e  c o n s i s t e n t  undershoo t ing  of  e x p e c t a t i o n s ,  o r  an 

i n a d e q u a t e  e x p e c t a t i o n s  v a r i a b l e  P** t. C o n s i s t e n t  undershoo t ing  

( i . e .  demanding, on average ,  a lower  i n f l a t i o n  premium t o  bond 

h o l d i n g  than i s  a c t u a l l y  p rov ided  ) over  as l o n g  a  p e r i o d  a s  

t w e n t y - t h r e e  y e a r s  seems h i g h l y  u n l i k e l y .  

A s o l u t i o n  t o  t h i s  problem might  w e l l  be  t h a t  p r i c e  change 

v a r i a b l e s  a l o n e  a r e  n o t  adequa te  i n  e x p l a i n i n g  how e x p e c t a t i o n s  

a r e  formed. If o t h e r  v a r i a b l e s  e n t e r  t h e  g e n e r a t i o n  o f  

e x p e c t a t i o n s  f u n c t i o n ,  t h e  v a r i a b l e  P**t  w i l l  n e v e r  be c o r r e c t l y  

e s t i m a t e d  - i t  may be e i t h e r  t o o  l a r g e  o r  t o o  smal l .  Combined 

w i t h  t h e  ev idence  p r e s e n t e d  i n  t h e  l a s t  s u b - s e c t i o n  of P a r t  I, 

t h a t  v a r i a b l e s  o t h e r  than  p r i c e  appear  m i s s i n g  ( i n c r e a s e d  



c o n s t a n t  v a l u e s  o v e r  t ime from t h e  Almon r e g r e s s i o n s ) ,  such an 

e x p l a n a t i o n  - - i . e .  t h a t  t h e  " s i n g l e  v a r i a b l e v  model i s  

i n a d e q u a t e  f o r  e x p l a i n i n g  g e n e r a t i o n  o f  e x p e c t a t i o n s  - - a p p e a r s  

promis ing .  In t h e  l a s t  s e c t i o n  o f  P a r t  I a v e r s i o n  o f  t h e  

m u l t i v a r i a b l e  a d a p t i v e  e x p e c t a t i o n s  model w i l l  be t e s t e d  f o r  

Canada. A s  w i l l  be seen ,  however, t h e  a d d i t i o n  o f  t ime s e r i e s  

v a r i a b l e s  o t h e r  than p r i c e  , ( a t  l e a s t  i n  t h e  c a s e s  t e s t e d ) ,  

does  n o t  succeed i n  removing t h e  p u z z l i n g  undershoo t ing  

phenomenon a l l u d e d  t o .  14 

I n  de fence  o f  t h e  one v a r i a b l e  a d a p t i v e  e x p e c t a t i o n s  model, 

however, i t  shou ld  be p o i n t e d  o u t  t h a t  t h a t  n o  v a l u e  o f  " c m  i n  

Table  I11 can be shown s i g n i f i c a n t l y  d i f f e r e n t  from 1 .00 w i t h  

95% c e r t a i n t y .  Thus, even though e a c h  c o e f f i c i e n t  b u t  one i s  

g r e a t e r  i n  magnitude than 1.00, i t  shou ld  n o t  be f o r g o t t e n  t h a t  

t h e  v a r i a b l e  P**t  may a c t u a l l y  be a l e g i t i m a t e  e s t i m a t e  o f  t h e  

e x p e c t a t i o n s  component o f  t h e  nominal  r a t e s  shown, b u t  due t o  

t h e  small number o f  samples ( 1 8 ) ,  v a l u e s  g r e a t e r  than  1.00 
I 

appeared .  The mean v a l u e  o f  "cl! might ,  i n  f a c t  be l e s s  than  1.00 1 

I 

- s t a t i s t i c a l l y  i t  i s  conce ivab le ,  though improbable.  

It might  a l s o  be mentioned t h a t  t h e  c o n s t a n t  term v a l u e s  o f  

l 4  Examinat ion o f  t h e  ?!rhov v a l u e s  i n  Table  I1 w i l l  a l s o  show 
t h e  m o d i f i c a t i o n  comes v e r y  n e a r  t o  f i r s t  d i f f e r e n c i n g ,  a t  which 
p o i n t  t h e  c o n s t a n t  term l o s e s  a l l  meaning. It may be t h a t  t h i s  
f a c t o r  a lone  i s  r e s p o n s i b l e  f o r  t h e  behav io r  o f  t h e  c o n s t a n t  
e s t i m a t e s  a f t e r  removal o f  a u t o c o r r e l a t i o n .  



Table  I11 a r e  l a r g e  by comparison w i t h  Table  11.15 T h i s  a l s o  

seems most l i k e l y  a t t r i b u t a b l e  t o  t h e  poor e x p l a n a t o r y  power o f  

t h e  s i n g l e  g e n e r a t e d  v a r i a b l e  P**t,  r a t h e r  than  t o  a d i f f e r e n t  

r e a l  r a t e  component o f  nominal  bond r a t e s  b e i n g  i n d i c a t e d  by 

comparison t o  Table  11. The e s t i m a t e s  a r e  n o t  d i f f e r e n t  enough, 

however, t o  i n d i c a t e  t h a t  measurement e r r o r  canno t  l o g i c a l l y  

a c c o u n t  f o r  t h e  d i f f e r e n c e s  between t h e  two Tab les .  

I.4 E m p i r i c a l  T e s t s  --- of  t h e  M u l t i v a r i a b l e  Adapt ive  E x p e c t a t i o n s  

Mode 1 

The f i n a l  t e s t  o f  t h e  Adaptive E x p e c t a t i o n s  h y p o t h e s i s  

which we w i l l  employ on t h e  s e l e c t e d  Canadian nominal  bond r a t e s  

i s  o f  t h e  l l m u l t i v a r i a b l e l ' ,  r a t h e r  than  l1 s i n g l e  v a r i a b l e 1 '  

v a r i e t y .  The d e s i r a b i l i t y  o f  t e s t i n g  such a  model f o l l o w s  from 

an o b s e r v a t i o n  n o t e d  i n  t h e  p r e c e d i n g  s e c t i o n  - -  i .e. t h a t  t h e  

llcll c o e f f i c i e n t  i n  e q u a t i o n  ( 1 2 ) ,  reproduced below a s  ( 1 2 a )  : 

(12a)  R N t  = a  + cP**t  + u t  

was found t o  have an unexpec ted ly  h i g h  va lue .  One e x p l a n a t i o n  

f o r  t h i s  f i n d i n g  could  be t h a t  t h e  v a r i a b l e  P**t  was 

1 " " W W " " . . " " " " " " " " W W  

1 5  T h i s  l'problem1l w i l l  be d e a l t  w i t h  i n  t h e  Conclus ions  s e c t i o n  
o f  t h e  paper ,  where a p l a u s i b l e  s o l u t i o n  f o l l o w s  a f t e r  i n c l u s i o n  
o f  t a x a t i o n  c o n s i d e r a t i o n s  p r e s e n t l y  o u t s i d e  t h e  model. 



s i g n i f i c a n t l y  biased due to  the non-inclusion of information 

which bond holders  do in  f a c t  use adapt ively,  but which i s  n o t  

t r ansmi t t ed  v i a  present  and pas t  i n f l a t i o n  r a t e s .  

It might be r eca l l ed  t h a t  P + + t  was s t a t i s t i c a l l y  derived 

from a  process described by equat ions (13)  and (13a) below: 

where P t  = % change i n  C.P . I .  from period 

!It-1" to ! I t "  

P + * t  = i n f l a t i o n a r y  expectat ion over 

period to  matur i ty  of bond 

= estimated unexplained e r r o r  a s  

of time "tU from O.L.S. 

regression 

= Almon weighted c o e f f i c i e n t  f o r  

va r i ab le  lagged "1" period 

In words, equation (13a) s t a t e s  t h a t  the bes t  guess a s  t o  

f u t u r e  i n f l a t i o n  comes, over time, from forming a  s ing le  

v a r i a b l e  est imate,  P*+t, which minimizes the e r r o r  between the 

p red ic ted  value of i n f l a t i o n ,  a s  of period "t-l", and t h a t  



observed in  period "tw. 

The c r u c i a l  assumption under the s ing le  va r i ab le  hypothesis 

i s ,  of course, t h a t  the e r r o r  term "ut"  cannot be made 

s i g n i f i c a n t l y  smaller  i n  a  cons i s t en t  fashion over time through 

the inclusion of added va r i ab les  i n t o  an equation such a s  ( 1 3 ) .  

If such a  decrease were i n  f a c t  poss ib le ,  a  b e t t e r  value of P**t 

could be determined through the addi t ion  of sa id  information - -  
which i s  p rec i se ly  the pos tu la te  of the Mu1 t i v a r i a b l e  Adaptive 

Expectations hypothesis. The f a c t  t h a t  the c o e f f i c i e n t  a t tached 

t o  P + f t  appeared t o  be s u r p r i s i n g l y  la rge ,  then, suggested t h a t  

a  b e t t e r  explanation of nominal i n t e r e s t  r a t e  movements might 

come from e x p l i c i t  considerat ion of va r i ab les  in  addi t ion  t o  

pas t  and present  r a t e s  of i n f l a t i o n .  

There would seem l i t t l e  argument t h a t ,  i n  the long run, 

i n f l a t i o n  i s  a  r e s u l t  of excess  money crea t ion  over and above 

increases  i n  the r e a l  growth of an economy. The s i n g l e  var iable  

adapt ive expecta t ions  model assumes t h a t  such a  r e l a t i o n s h i p  

holds i n  the very s h o r t  run a s  well  - -  i . e .  t h a t  no s i g n i f i c a n t  

l a g  e x i s t s  between excess money c rea t ion  and p r i ce  l e v e l  

adjustment. A s  such, the most accura te  i n f l a t i o n a r y  t rend i s  

t ransmi t ted  v i a  the i n f l a t i o n  r a t e  i t s e l f .  

If a l a g  in  the transmission of such information were, i n  

f a c t ,  t o  e x i s t  f o r  Canada, i t  would seem reasonable t o  assume i t  

t o  be a  very s h o r t  l ag ,  given present  communication methods, 

government d i sc losure  of money c rea t ion  s t a t i s t i c s ,  and the 
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r e n t s  a v a i l a b l e  t o  anyone o u t g u e s s i n g  t h e  market  (which would be 

assumed, under  a d a p t i v e  e x p e c t a t i o n s ,  t o  be r e l y i n g  upon a  

s i n g l e  v a r i a b l e  h y p o t h e s i s ) .  Perhaps  t h e  b e s t  argument cou ld  be 

made f o r  a  l a g  of one month b e f o r e  monetary and r e a l  growth 

shocks  impact  f u l l y  upon t h e  i n f l a t i o n  r a t e ,  s i n c e  a  one month 

d e l a y  e x i s t s  b e f o r e  " a c c u r a t e t 1  monthly d a t a  i s  p u b l i s h e d  by 

government f o r  a g i v e n  monthly p e r i o d .  U n t i l  t h a t  p o i n t ,  o n l y  

g u e s s i n g  a s  t o  government a c t i o n s  can t a k e  p l a c e ,  and one might  

e x p e c t  s i g n i f i c a n t  p o r t i o n s  o f  t h e  market  o n l y  t o  r e a c t  t o  

"hardlI i n f o r m a t i o n .  

To be s a f e r ,  however, i t  was assumed t h a t  some monetary 

and/or  r e a l  growth in fo rmat ion  i s  n o t  t r a n s m i t t e d  t o  p r i c e  l e v e l  

change f o r  a  p e r i o d  o f  up two months and l o n g e r .  The 

mu1 t i v a r i a b l e  h y p o t h e s i s  t e s t  took t h e  mathemat ica l  form, then ,  

o f  e q u a t i o n  ( 1 4 )  below: 

( 1 4 )  R N t  = a +  g l M * t +  g2M*t-1 + ... 
. . + grM*t-r-1 + Almon ( P t + n )  

where Mat = e x c e s s  money c r e a t i o n  over  r e a l  

growth between p e r i o d s  tlt-lll 

and "t" i n  p e r c e n t a g e  form 

Almon = d l P t  + d2Pt-1 + . . . . + dnPt-n-1 

( P t + n )  from e q u a t i o n  ( 1 3 )  



Two s e r i e s  were se lec ted  f o r  the monetary crea t ion  

va r i ab le ,  M 1  and M3, a s  defined in  the Data sec t ion  e a r l i e r ,  

P . l l .  Real growth was taken t o  be a  constant  f o r  a  given month, 

equal  t o  one t h i r d  the percentage growth in  G.N.E.  over the 

three  month reported period. 

Besides using two es t imates  of "M* tl\ separa te  equat ions 

were run including "M*t-l", "M*t-2" e t c ,  and then re-run 

excluding the f u r t h e s t  lagged "M*" term in the previous 

regression,  f o r  comparison of explained v a r i a t i o n  ( R 2 )  

s t a t i s t i c s .  Both M 1  and M3 runs yielded s i m i l a r  r e s u l t s ,  and a s  

such, only the M3 runs a re  l i s t e d ,  i n  the Appendix, a s  Charts X I  

and X I I .  The same r e s u l t s  a re  l i s t e d  a f t e r  the Cochrane- Orcut t  

procedure was employed t o  remove a s  much au tocor re la t ion  a s  

possible ,  i n  Tables I V  and V. In addi t ion ,  Table V I  l i s t s  the 

r e s u l t  of running "M*tn and "M*t-1" using M 1  r a t h e r  than M3 a s  a  

measure of monetary a c t i v i t y .  No r e s u l t s  a r e  presented f o r  

regress ions  including lagged "M*tvl terms more d i s t a n t  than 
1 

"t-I",  s ince  the conclusions a r i s i n g  from such runs a re  no 
I 

d i f f e r e n t  than can be deduced from Tables I V ,  V, and V I .  

In shor t ,  the f indings  presented i n  Tables I V ,  V, and V I  

give l i t t l e  i f  any credence to  the exis tence  of lagged 

information having a  no t i ceab le  impact upon nominal r a t e s  of 

i n t e r e s t ,  v i a  i n f l a t i o n a r y  expectat ions.  In a l l  cases  the lrM*tt 

c o e f f i c i e n t s  a r e  small ( a t  the l a r g e s t  ". 0111), suggesting on 



Table  I V  

Cochrane O r c u t t  : R N t  = 'a' + g l  M3*t + Almon ( P t ,  . . . P t - n )  
(1955 -78 

1) Day30t = 3.58 - .002M3*t + Almon ( P t ,  . . . P t  -n)  
(3 .80)  ( - - 7 2 4 )  

R2 = .95 rho  = ,915 D.W. = 1.83 

2 )  DaygOt = 3.35 - .004 M3*t + Almon ( P t ,  ... Pt -n )  
( 5 . 0 6 )  ( -1 .28)  

R2 = .96 rho  = ,918 D.W. = 1.73 

3 )  Mon3t = 2.60 - .003 M3*t + Almon ( P t , .  . . P t - n )  
(3 .08)  ( -1 .59)  

R2 = .97 rho  = .957 D.W. = 1.40 

4 )  ~ o n 6 t  = 2.93 - .003 M3*t t Almon ( P t ,  ... P t - n )  
(1 .99)  ( -1 .52)  

R2 = .97 rho  = .974 D.W. = 1.32 

5 )  Y e a r l t  = 3.80 - .006 M3*t + Almon ( P t , .  . . P t - n )  
(6 .13)  ( -2 .86)  

R2 = .96 rho  = .939 D.W. = 1.43 

6 )  Year3 t  = 4.27 - .002 M3*t + Almon ( P t , .  . . P t - n )  
(9.39)  ( -1 .29)  

R2 = .97 rho  = .930 D.W. = 1.43 

where M3*t = % i n c r e a s e  i n  M3 growth above % r ea l "  

growth from "t-1" t o  ! I t f t  



Table  V 

Cochrane O r c u t t  : R N t  = a + g l  M3*t + g2 M3*t-1 + Almon ( P )  
(1955-78)  

1 )  Day30 = 3.59 - .002 M3*t + .003  M3*t-1 + Almon ( P )  
( 3 . 8 1 )  ( - . 711)  ( - 7 8 6 )  

R2 =.94 rho  = .915 D.W. = 1.83  

2 )  Daygot = 3.35 - .004 M3*t + .002 M3*t-1 + Almon ( P )  
(5 .06 )  ( -1 .27 )  ( . 4 6 5 )  

R2 = .96 rho  = .917 D.W. = 1 .73  

3 )  Mon3t = 2.62 - .003  M3*t + .002 M3*t-1 + Almon ( P )  
( 3 . 1 2 )  ( -1 .58)  ( . 6 6 4 )  

R2 = .97 rho  = .957 D.W. = 1.40  

4 )  Mon6t = 3.04 - .003 M3*t + - 0 0 1  M3"-1 + Almon ( P )  
( 1 . 8 2 )  ( -1 .49)  ( 0 3 4 3 )  

R2 = .97  rho  = .975 D.W. = 1.32 

5 )  Yearlt = 3.80 - .006 M3*t - .000 M3*t-1 + Almon ( P )  
( 6 . 1 1 )  ( - 2 . 8 5 )  ( - . 019>  

R2 = .96  r h o  = .939 D.W. = 1.43  

6 )  Y e a r 3 t  = 4.27 - .002 M38t - .000 M3*t-1 + Almon ( P )  
(9 .38 )  ( -1 .28)  (-. 1 1 8 )  

R2 = .97  rho  = .930 D.W. = 1 . 4 3  

where M3*t-1 = % i n c r e a s e  i n  M3 above % i n c r e a s e  
in real g rowth  between p e r i o d s  
llt-2" and l l t "  

Almon ( P )  = d l P t  + d2Pt -1  + . ... d46Pt-45 



Table  V I  

Cochrane O r c u t t  : R N t  = a + g l  Ml*t + g2 Ml*t-1 + Almon ( P )  

1 )  Day30t = 3.55 + .010 Ml*t  - .016 Ml*t -1  + Almon ( P )  
(3 .67)  ( .673)  ( - 1 . 1 2 )  

H 2  = .94 rho  = .918 D.W. = 1.83 

2 )  DaygOt = 3.32 + .006 Ml*t  - .007 Ml*t-1 + Almon ( P )  
(4 .80)  ( - 4 5 7 )  ( - 5 3 3 )  

R 2  = .96 rho  = .921 D.W. 1.79 

3 )  Mon3t = 2.62 - .005 M l + t  - .001 Ml*t-1 + Almon ( P )  
(2 .85)  ( - .529)  ( - - 1 4 1 )  

R 2  = .97 rho  = .960 D.W. = 1.39 

4 )  ~ o n 6 t  = 3.16 - .005 Ml*t  - .007 Ml*t-1 + Almon ( P )  
(1 .86)  ( - .544)  ( -0732)  

R2 = .97 rho  = .977 D.W. = 1.36 

5 )  Y e a r l t  = 3.85 + .001 Ml*t  - .004 MI*%-1 + Almon ( P )  
(5 .37)  ( . I 3 7 1  ( -0397)  

R 2  = .96 rho  = .949 D.W. = 1.36 

6 )  Year3 t  = 4.28 - .000 Ml*t  + .001 M l + t - 1  + Almon ( P )  
(8 .83)  (-.OO6) ( - 1 9 1 )  

R 2  = .97 rho  = .933 D.W. = 1.41 

where Ml*t = % i n c r e a s e  i n  M 1  above % i n c r e a s e  

in r e a l  growth  between "t-1" and "t" 

Almon(P)= d l P t  + d 2 P t - 1  + . . . . d46Pt-45 



average a one percent increase i n  excess money c rea t ion  

t ransmi ts  an impact of l e s s  than 1/200 of a percent  d i r e c t l y  t o  

nominal bond r a t e s ,  and even then, in a negat ive  d i rec t ion .  

In only three  cases  out of e ighteen a r e  the c o e f f i c i e n t s  of 

"M*tW and w M l t - l w  s i g n i f i c a n t ,  and i n  no case i s  the c o e f f i c i e n t  

s i g n i f i c a n t  when associa ted  w i t h  l a g s  of more than one month. 

The "R2" s t a t i s t i c  (explained v a r i a t i o n )  i s  increased s l i g h t l y  

w i t h  the addi t ion  of e x t r a  explanatory va r i ab les  ( f o r  example, 

compare Tables I11 and I V ) ,  but such i s  v i r t u a l l y  always the 

case a s  more r i g h t  hand s ide  v a r i a b l e s  a r e  added, and the 

increase i s  modest a t  bes t .  

Perhaps most damaging t o  the assumptions of the 

mul t ivar iable  hypothesis i s  the sign of the lagged excess money 

va r i ab les .  They a r e  negat ive,  which would seem t o  suggest a 

temporary lowering of nominal r a t e s  following monetary 

expansion. This e f f e c t  i s  t h e o r e t i c a l l y  sens ib le  in  the s h o r t  

run, but should n o t  be included a s  p a r t  of the Fisher  Effec t ,  

which d e a l s  with a s i t u a t i o n  where a l l  markets have adjusted in  

r e a l  terms t o  a monetary shock. The small  s i z e  and general  
I 

i n s ign i f i cance  of the c o e f f i c i e n t s ,  however, suggests  t h a t  the 

success of  a pol icy designed t o  lower i n t e r e s t  r a t e s  

s i g n i f i c a n t l y  through monetary expansion was very modest, and 

shor t  l i v e d  over the period examined, i f  employed f o r  t h a t  

reason. 



As might be r eca l l ed ,  the major c r i t i c i s m  of the s ing le  

v a r i a b l e  hypothesis was t h a t ,  on average, i t  underpredicted the 

s i z e  of the i n f l a t i o n a r y  premium of nominal bond r a t e s ,  i f  

anything. The f ind ing  t h a t  a  mul t ivar iable  model would leave the 

predic t ion  unchanged, then, and in  addi t ion  would suggest a  very 

small  decrease in  nominal r a t e ,  does nothing t o  encourage the 

view t h a t  the mul t ivar iable  adaptive expecta t ions  model - -  a t  

l e a s t  in  the form t e s t e d  - -  y i e l d s  a  more c red ib le  est imate of 

the Fisher  Ef fec t .  

The evidence from Tables I V ,  V and V I  --  e s p e c i a l l y  the 

t i n y  and of ten  i n s i g n i f i c a n t  c o e f f i c i e n t  associa ted  w i t h  l1M*tl1 

- - would seem t o  ind ica te  t h a t  monetary information i s  

t r a n s l a t e d  quickly,  i f  n o t  immediately, i n t o  the i n f l a t i o n a r y  

component of  nominal bond r a t e s .  While such a  f inding  i s  of 

i n t e r e s t  t o  the adapt ive expecta t ions  model, the r e a l  impact of 

such a  s i t u a t i o n  (assuming i t  t o  be the case ) ,  f a l l s  on the 

hypothesis t o  be t e s t e d  in P a r t  11, " r a t i o n a l  expectationsll .  

Indeed, the  rapid incorporat ion of monetary information i n t o  

p r i ce  l e v e l  changes i s  a  c r i t i c a l  assumption t o  t h a t  theory. We 

w i l l  r e turn  t o  t h i s ,  and r e l a t e d  assumptions, in  Pa r t  11, but 

before leaving  the discussion of adapt ive expectat ions,  a  few 

genera l  remarks might be made in  c los ing .  



1.5. Summary of P a r t  I - - - -  

In t h i s  p a r t  of the paper, a spec t s  of the Adaptive 

Expectations hypothesis were t e s t e d  f o r  Canada. It was 

determined t h a t  a  l a g  of 47 months i n  p r i ce  l e v e l  changes was 

super ior  t o  shor te r  time horizons ( i n  c o n t r a s t  t o  the U.S. 

f ind ings  of Yohe and Karnosky) on grounds of s t a b i l i t y  of R2 and 

c o e f f i c i e n t  magnitudes, and by examination of "t" scores,  with 

r e spec t  t o  genera t ing  i n f l a t i o n a r y  expectat ions.  

Almon Lag est imated c o e f f i c i e n t s  were examined t o  ensure 

t h a t  weights se lec ted  conformed genera l ly  t o  theory. T h i s  was 

important s ince  the procedure weights the independent va r i ab les  

according t o  maximum explanatory power of the dependent 

va r i ab le ,  and as  such almost any weighting pa t t e rn  may emerge 

from the process.  It was determined, however, t h a t  i n  t h i s  case 

the generated c o e f f i c i e n t s  declined in  a  manner well  s u i t e d  t o  

theory. As a  r e s u l t  the technique was employed i n  cons t ra in ing  

the impact of p a s t  i n f l a t i o n  r a t e s  upon expecta t ions  generat ion.  

Constant values were est imated f o r  Canadian nominal 

i n t e r e s t  r a t e s ,  which under the adapt ive expecta t ions  model 

should correspond roughly t o  the " r e a l  r a t e n  component of sa id  

nominal r a t e s .  This of course assumes t h a t  r e a l  i n t e r e s t  r a t e s  

have remained constant  over time, a  s implifying assumption 

incorporated i n t o  t h i s  study. Estimates of Canadian r e a l  r a t e s  

of i n t e r e s t  were found t o  be c lose  t o  published American r e a l  



bond r a t e  f i n d i n g s .  

Evidence was found t h a t  t h e  r e a l  r a t e  o f  r e t u r n  t e n d s  t o  

i n c r e a s e  w i t h  t h e  l e n g t h  t o  m a t u r i t y  o f  t h e  a s s e t  - which one 

might  p r e d i c t  from theory ,  assuming t h a t  more l i q u i d  a s s e t s  a r e  

p r e f e r r e d  t o  l e s s  l i q u i d  a s s e t s .  

I n c o n c l u s i v e  ev idence  was found w i t h  r e s p e c t  t o  the  impact  

o f  e x p e c t a t i o n s  e n t e r i n g  nominal  i n t e r e s t  r a t e s  - i n  n o  c a s e  was 

an  e x p e c t a t i o n s  c o e f f i c i e n t  v a l u e  found s i g n i f i c a n t l y  d i f f e r e n t  

than  1.00, o r  p e r f e c t  a d a p t a t i o n ,  b u t  a t  t h e  same t ime e s t i m a t e s  

of t h i s  c o e f f i c i e n t  were c o n s i s t e n t l y  g r e a t e r  than  one. The l a c k  

o f  e s t i m a t e d  v a l u e s  l e s s  than  1.00 l e a d  t o  t h e  s t r o n g  s u s p i c i o n  

t h a t  t h e  g e n e r a t e d  v a r i a b l e ,  P s s t ,  d e r i v e d  s o l e l y  from p a s t  

p r i c e  l e v e l s  changes, was l e s s  than  s a t i s f a c t o r y ;  as such  a  new 

e x p e c t a t i o n s  h y p o t h e s i s ,  termed t h e  m u l t i v a r i a b l e  a d a p t i v e  

e x p e c t a t i o n s  h y p o t h e s i s ,  which took  e x p l i c i t  accoun t  o f  

i n f o r m a t i o n  b e s i d e s  p a s t  and p r e s e n t  i n f l a t i o n  r a t e s ,  was 

t e s t e d .  

It was de termined t h a t  t h e  p o s t u l a t e ,  o f  i n f o r m a t i o n  n o t  

a l r e a d y  i n c o r p o r a t e d  i n t o  p a s t  and p r e s e n t  i n f l a t i o n  r a t e s ,  b u t  

shap ing  e x p e c t a t i o n s  o f  i n f l a t i o n ,  was n o t  s t a t i s t i c a l l y  sound. 

Ra the r ,  i t  would seem t h a t  i n f o r m a t i o n  i s  r a p i d l y  t r a n s m i t t e d  

from t h e  monetary s e c t o r  t o  p r i c e  l e v e l  changes,  which i s  

c o n s i s t e n t  w i t h  t h e  s i n g l e  v a r i a b l e  h y p o t h e s i s .  

One s t a t i s t i c a l  p o i n t  might  a l s o  be made. Throughout P a r t  

I, t h e  phenomenon o f  a u t o c o r r e l a t i o n  p e r s i s t e d  when e s t i m a t e s  o f  



t h e  F i s h e r  E f f e c t  weare run.  Such a  problem i s  n o t  unusual  i n  

time s e r i e s  d a t a ,  b u t  t he  i n a b i l i t y  o f  e i t h e r  t he  Hi ldre th-Lu 

( H  -L)  o r  Cochrane-Orcutt  ( C - 0 )  t e chn iques  t o  remove s a i d  

a u t c o r r e l a t i o n  t o  a s a f e  e x t e n t  on s e v e r a l  occas ions ,  l e d  t o  a 

ques t i on  o f  why t h e  problem was so  severe .  I n  an a t t e m p t  t o  shed 

l i g h t  i n  t h i s  a r e a ,  t h e  Box-Jenkins ( u n i v a r i a t e )  technique16 was 

a p p l i e d  t o  r e s i d u a l s  from r e g r e s s i o n s  under taken,  as w e l l  a s  t o  

the  nominal r a t e s  o f  i n t e r e s t  themselves .  

Ana lys i s  o f  t h e  r e s i d u a l s  l e d  t o  n o  new answers.  The 

remaining a u t o c o r r e l a t i o n  a f t e r  H-L o r  C-0 was a p p l i e d ,  was 

p icked up by t h e  Box-Jenkins t echn ique ,  bu t  no  a u t o r e g r e s s i v e  

s t r u c t u r e  cou ld  be i d e n t i f i e d  whose c o n s t a n t  o r  moving average  

terms were s t a t i s t i c a l l y  s i g n i f i c a n t  from z e r o  a t  the  95% 

conf idence  i n t e r v a l  . 
Analys i s  o f  t he  a u t o r e g r e s s i v e  s t r u c t u r e s  o f  the  nominal  

bond r a t e s  themselves  proved i n t e r e s t i n g ,  however. Table V I I  

d i s p l a y s  t h e  b e s t  s t r u c t u r a l  a u t o r e g r e s s i v e  e q u a t i o n s  e s t i m a t e d  

f o r  e ach  bond r a t e O 1 7  The impor t an t  p o i n t  t o  n o t e  from Table V I I  I~ 

I1 
i s  t h a t  t he  e r r o r  s t r u c t u r e  f o r  a l l  nominal  bond r a t e s  e x c e p t  

t he  30 Day r a t e  i s  o f  t h e  moving average  v a r i e t y .  The 30 Day 

nominal  r a t e  i s  f i r s t  o r d e r  a u t o r e g r e s s i v e ,  ( A R ( l ) ) ,  s t r u c t u r e d ,  

l6  Box,G. and J enk in s ,  G. Time S e r i e s  Anal s i s  F o r e c a s t i n g  
Con t ro l ,  Holden-Day, San F ranc i s co ,  197 f+- 

The procedure  used was "ESTIMATEu from the  Econometric 
Software Package program. 



T a b l e  V I I  

R N t  S u b j e c t e d  t o  B o x - J e n k i n s  A n a l y s i s  

R2 = .947 Ch i  s q u a r e d  ( 1 2 )  = 26.2 (10  d. o f  f . )  
Chi s q u a r e d  ( 2 4 )  = 46 .3  (22  d. o f  f . )  

R2 = . 950  Chi  s q u a r e d  ( 1 2 )  = 27 .7  ( 1 0  d. o f  f . )  
Chi s q u a r e d  ( 2 4 )  = 52.4 (22  d. o f  f . )  

R2 = . 961  Chi s q u a r e d  ( 1 2 )  = 2 6 . 1  (10  d. o f  f . )  
Chi s q u a r e d  ( 2 4 )  = 49.5 (22  d. o f  f . )  

R2 = .974 Chi  s q u a r e d  ( 1 2 )  = 4.9 ( 1 0  d. o f  f . )  
Chi s q u a r e d  ( 2 4 )  = 2 1 . 3  (22  d. o f f . )  

5 )  Yearlt = . 000  + 2 Yearlt-1 - Y e a r l t - 2  + .612 e t -1  + e t  
( - 7 2 3 )  (78 .53  

R2 = . 965  Chi s q u a r e d  ( 1 2 )  = 15 .0  (10  d. o f  f . )  
Chi  s q u a r e d  ( 2 4 )  = 30 .8  (22 d. o f  f . )  

( T a b l e  V I I  con '  t n e x t  p a g e )  



Table  V I I  ( c o n ' t )  

R2 = .987 Chi  squared  ( 1 2 )  = 15 .1  ( 9  d. o f f . )  
Chi squared  ( 2 4 )  = 28.1 ( 2 1  d. o f  f . )  

where h y p o t h e s i s  r e j e c t i o n  ( o f  s i g n i f i c a n t  remaining 
a u t o c o r r e l a t i o n )  f a l l s  a t :  

Chi  squared  = 16.92 f o r  9  d. o f  f .  
Chi squared  = 33.92 f o r  2 2  d. o f  f .  

making i t  s t r o n g l y  a u t o r e g r e s s i v e  i n  a  form where ( u t  = r u (  t-1) 

+ e t  ) - -  i . e .  t h e  l l c l a s s i c n  assumed f i r s t  o r d e r  a u t o c o r r e l a t f o n  

s t r u c t u r e ,  where llrtl = rho,  and " e t "  i s  assumed d i s t r i b u t e d  w i t h  

mean z e r o  and f i n i t e  v a r i a n c e .  Not s u r p r i s i n g l y ,  then ,  t h e  

r e s i d u a l s  from such r e g r e s s i o n s  o f  t h e  30 Day r a t e  behaved w e l l  

i n  t h e  H i l d r e  t h -  Lu o r  Cochrane-Orcutt  t echn iques ,  which 
1 1  

I 

e s t i m a t e  "rlI and perform t h e  s u b t r a c t i o n  shown t o  o b t a i n  'et1l. 

Review o f  t h e  Tab les  i n  P a r t  I w i l l  show a  s a t i s f a c t o r y  

Durbin-Watson s t a t i s t i c  f o r  t h i s  r a t e  a f t e r  c o r r e c t i o n  f o r  f i r s t  

o r d e r  a u t o c o r r e l a t i o n ,  a s  would be expec ted .  

The remaining f i v e  nominal  i n t e r e s t  r a t e s ,  however, show a 

s t r u c t u r a l  a u t o r e g r e s s i v e  form c o n s i s t e n t  w i t h  M A ( 1 )  - a one 



pe r iod  moving average  e r r o r  p a t t e r n .  Such a  s t r u c t u r e  i m p l i e s  an 

i n f i n i t e l y  d e c l i n i n g  s e r i e s  i n  a u t o r e g r e s s i v e  format ,  a f t e r  

succe s s ive  "e t - i l l  ' s  ( i = 1 , 2 , 3 , .  . . ) a r e  s u b s t i t u t e d  f o r .  We w i l l  

d e a l  i n  dep th  w i t h  such a s u b s t i t u t i o n  i n  t he  f i n a l  s e c t i o n  o f  

P a r t  11, s o  i t  w i l l  n o t  be d i s c u s s e d  f u r t h e r  he re ,  e x c e p t  t o  

n o t e  t h a t  g iven  a  d e c l i n i n g  s e r i e s  e r r o r  s t r u c t u r e ,  t h e  

i n a b i l i t y  o f  t h e  Hi ld re th -Lu  and Cochrane-Orcutt  p rocedures  i s  

n o t  s u r p r i s i n g .  They e s t i m a t e  one term llrll which must 

approximate an i n f i n i t e  s e r i e s  o f  d e c l i n i n g  c o e f f i c i e n t s ,  and 

hence w i l l  n e v e r  f u l l y  c ap tu r e ,  and remove a u t o c o r r e l a t i o n  

i d e a l l y .  Again, t h e  Tab les  i n  P a r t  I r e f l e c t  t h i s  e s t i m a t i n g  

i n a b i l i t y  of t he  H-L and C-0 t e chn iques  by a low Durbin-Watson 

s t a t i s t i c  a f t e r  c o r r e c t i o n  ha s  been under taken.  

A t  t h e  t ime o f  w r i t i n g ,  a  m u l t i v a r i a t e  Box-Jenkins computer 

package - -  which would be u s e f u l  i n  d e a l i n g  wi th  such an 

a u t o c o r r e l a t i o n  s i t u a t i o n  - -  was n o t  a v a i l a b l e  f o r  use.  A s  such, 

d a t a  were a d j u s t e d  t o  remove f i r s t  o r d e r  a u t o c o r r e l a t i o n ,  and 

the  r e s u l t s  r epo r t ed .  One should  be aware, however, t h a t  t he  

swings i n  c o e f f i c i e n t  e s t i m a t e s  b e f o r e  and a f t e r  H-L o r  C-0 

p rocedures  were a p p l i e d ,  may be, i n  p a r t ,  a  r e f l e c t i o n  o f  t he  

unde r ly ing  a u t o c o r r e l a t i o n  s t r u c t u r e  i t s e l f .  



D. The F i s h e r  E f f e c t  Under R a t i o n a l  E x p e c t a t i o n s  Assumptions 

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

I n  t h i s  p a r t  o f  t h e  s tudy ,  models f a l l i n g  under  t h e  heading 

of " r a t i o n a l  e x p e c t a t i o n s l t  w i l l  be used t o  s t a t i s t i c a l l y  

g e n e r a t e  e s t i m a t e s  o f  t h e  i n f l a t i o n a r y  e x p e c t a t i o n s  component o f  

nominal  bond r a t e s ,  l l P + t r l  i n  e q u a t i o n  (1). The major  model o f  

P a r t  I1 w i l l  be d e t a i l e d  i n  t h e  n e x t  s e c t i o n  of t h e  paper ,  b u t  

b e f o r e  becoming immersed i n  s p e c i f i c s  i t  would seem pruden t  t o  

b r i e f l y  c l a r i f y  t h e  c r i t i c a l  d i f f e r e n c e s  between t h e  fami ly  o f  

models  known a s  r a t i o n a l  e x p e c t a t i o n s ,  and those  which a r e  

c l a s s i f i e d  under t h e  heading o f  a d a p t i v e  e x p e c t a t i o n s .  T h i s  

s e c t i o n  w i l l  a l s o  s e r v e  t o  o u t l i n e  the  more i m p o r t a n t  

a s sumpt ions  i n c o r p o r a t e d  i n t o  a l l  of t h e  models which we w i l l  be 
I 

t e s t i n g  i n  t h i s  p a r t .  ll 1 1 1 1  

I I 
R a t i o n a l  E x p e c t a t i o n s  models a r e  based upon t h e  i d e a  t h a t  a 

d e c i s i o n  maker a t  a g i v e n  p o i n t  i n  t ime "ttl w i l l  f o rmula te  an 

e s t i m a t e  abou t  t h e  behav io r  i n  a  v a r i a b l e  as o f  p e r i o d  l t t + l " ,  

based upon i n f o r m a t i o n  r e l e v a n t  t o  h i s  f u t u r e  d e c i s i o n  which i s  

a v a i l a b l e  a t  t ime l 1 t l 1 .  The d e c i s i o n  maker i s  l t r a t i o n a l l l ,  t hen ,  

i n  t h e  sense  o f  r e c o g n i z i n g  t h a t  t h e  occurence  o f  some e v e n t  

d u r i n g  p e r i o d  l t t l l ,  w i l l  l e a d  t o  a p r e d i c t a b l e  outcome i n  p e r i o d  



l l t + l t l  ( s u b j e c t ,  o f  course ,  t o  some p r o b a b i l i t y ,  s i n c e  t h e  f u t u r e  

i s  n e v e r  p e r f e c t l y  c e r t a i n ) .  I d e a l l y ,  a d e c i s i o n  maker would 

want t o  c o l l e c t  a l l  such p o s s i b l e  i n d i c a t o r s  o f  the  f u t u r e ,  b u t  

c o s t s  a s s o c i a t e d  wi th  t he  c o l l e c t i o n  and i n t e r p r e t a t i o n  o f  d a t a  

would d i c t a t e  t h a t  in fo rmat ion  be c o l l e c t e d  on ly  t o  t he  p o i n t  

where the  marg ina l  va lue  o f  c o l l e c t i o n  would e q u a l  expec ted  

marg ina l  va lue  o f  a  c o r r e c t  p r e d i c t i o n .  

Th i s  assumption d i f f e r s  s h a r p l y  from the  a d a p t i v e  

e x p e c t a t i o n s  method o f  examining l l t rendsl l  i n  p a s t  v a l u e s  o f  a  

v a r i a b l e  o r  v a r i a b l e s .  Cur ren t  i n fo rma t ion  i s  inc luded  under 

t h e s e  models on ly  i f  a l r e a d y  i nco rpo ra t ed  i n t o  t he  behav ior  o f  a  

key v a r i a b l e ,  and even then,  i t s  p r e d i c t i v e  power i s  d imin i shed  

g r e a t l y  when the  va lue  o f  t h e  key v a r i a b l e  i s  weighted by a 

c o e f f i c i e n t  l e s s  than  one. It i s  i n t e r e s t i n g  t o  n o t e ,  however, 

t h a t  i n  a  s i t u a t i o n  where no  in fo rmat ion  about  t he  f u t u r e  

e x i s t e d ,  ( o r  where t h e  c o l l e c t i o n  and/or  i n t e r p r e t a t i o n  o f  d a t a  

was so  expensive  t h a t  t he  c o s t  o f  even t h e  f i r s t  u n i t  o f  

in fo rmat ion  exceeded i t s  expec ted  marg ina l  v a l u e ) ,  a  r a t i o n a l  

person would i n c o r p o r a t e  no c u r r e n t  i n fo rma t ion  a p a r t  from 

t r e n d s  i n  t he  v a r i a b l e  o f  i n t e r e s t  - -  i n  o t h e r  words, r a t i o n a l  

e x p e c t a t i o n s  would become a d a p t i v e  e x p e c t a t i o n s .  

In an a t t emp t  t o  f u r t h e r  c l a r i f y  t h e  d i f f e r e n c e  between 

approaches  i n  t he  two t h e o r i e s ,  t h e  fo l l owing  example might  be 

o f f e r e d .  Suppose a b a s e b a l l  game i s  be ing  played under  c loudy 

s k i e s .  In t he  second i n n i n g  r a i n  beg ins  t o  f a l l  and t h e  game i s  



h a l t e d .  A d e c i s i o n  must be made as t o  w a i t i n g  and a t t e m p t i n g  t o  

f i n i s h  the  game o r  c a l l i n g  i t  o f f  comple te ly .  (Thus, a s  o f  t ime 

"t", a d e c i s i o n  must be made r e g a r d i n g  " t + l U  --  i n  t h i s  c a s e  " tn 

being e q u a l  t o  pe rhaps  one hour.)  Under a d a p t i v e  e x p e c t a t i o n s ,  

one would weight  t h e  f a c t  t h a t  i t  had n o t  r a i n e d  i n  any o f  t h e  

p r e v i o u s  f o r t y - e i g h t  hours ,  and a  d e c i s i o n  would be a r r i v e d  a t  

u s i n g  some w e i g h t i n g  scheme f o r  t h a t  i n f o r m a t i o n .  Under r a t i o n a l  

e x p e c t a t i o n s ,  one would want t o  know t h e  wind c o n d i t i o n s ,  t h e  

p r o b a b i l i t y  o f  c l e a r i n g  i n  t h e  a r e a  an hour a f t e r  the  r a i n  

s t a r t e d  ( b a s e d  on p a s t  o b s e r v a t i o n s )  o r  a  weather  f o r e c a s t ,  

which would i n c o r p o r a t e  a l l  such i n f o r m a t i o n .  1 8  

The d e c i s i o n  reached,  be i t  t o  w a i t  o r  postpone t h e  game 

w i l l  a lways have a  p r o b a b i l i t y  o f  b e i n g  t h e  c o r r e c t  o r  i n c o r r e c t  

one. It would seem r e a s o n a b l e  t o  assume, however, t h a t  i n  t h e  

m a j o r i t y  o f  c a s e s ,  t h e  d e c i s i o n  d i c t a t e d  by r a t i o n a l  

e x p e c t a t i o n s  would be t h a t  fo l lowed  by most d e c i s i o n  makers. 

Such r e a s o n i n g  i s  based upon t h e  l o g i c  t h a t  weather  can be 

p r e d i c t e d  f a i r l y  a c c u r a t e l y  one hour i n  advance based upon 

c u r r e n t  i n f o r m a t i o n  a b o u t  t h e  f u t u r e .  

The problem w i t h  p r e d i c t i n g  i n f l a t i o n  d u r i n g  p e r i o d  "t+l" 

from p e r i o d  " tw - -  which i s  t h e  n a t u r e  o f  t h e  F i s h e r  E f f e c t  - -  
i s  c l e a r l y  n o t  as s t r a i g h t f o r w a r d  a s  was t h e  b a s e b a l l  example. 
--"--""""""-"""""" 

l8 The weather  f o r e c a s t  i s  an example o f  an economy of s c a l e ,  
w i t h  r e g a r d  t o  c o l l e c t i n g ,  a n a l y z i n g  and d i s t r i b u t i n g  c u r r e n t  
i n f o r m a t i o n .  Such s e r v i c e s  a r e  a v a i l a b l e  i n  many p r e d i c t i o n  
a r e a s ,  i n c l u d i n g  o f  course ,  i n f l a t i o n a r y  f o r e c a s t i n g .  



For  one t h i n g ,  t h e  p e r i o d  o f  p r e d i c t i o n  (one month, i n  t h i s  

s t u d y )  d i c t a t e s  a lower  p r o b a b i l i t y  o f  b e i n g  c o r r e c t  than  a  

p e r i o d  ahead of  o n l y  an hour ,  a s  was t h e  e a r l i e r  case .  Secondly, 

one c a n n o t  l lseel '  i n f l a t i o n  coming o v e r  t h e  h o r i z o n  as e a s i l y  as 

c l o u d s  o r  s u n l i g h t .  Our measur ing  d e v i c e s  a r e  somewhat more 

s u s p e c t  i n  r e l a t i o n  t o  f u t u r e  i n f l a t i o n  than  weather .  T h i r d l y ,  

i t  i s  a r g u a b l e  whether  t h e  average  pe r son  u n d e r s t a n d s  how t o  

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

t h e  d e c i s i o n  makers1 a b i l i t y  t o  c o r r e c t l y  p e r c e i v e  t h e  r e l e v a n t  

i n f o r m a t i o n  t o  h i s  d e c i s i o n .  [One cou ld  a rgue ,  f o r  example, t h a t  

in  a  s i t u a t i o n  where n o  one u n d e r s t a n d s  why an e v e n t  o c c u r s ,  

t h a t  a d a p t i v e  e x p e c t a t i o n s  might  w e l l  be t h e  method employed 1 

when f o r e c a s t s  o f  a n o t h e r  such  e v e n t  o c c u r i n g  a r e  made. 1 I 

A s  a  means o f  d e a l i n g  w i t h  t h e s e  and o t h e r  p o t e n t i a l  I 

problems a r i s i n g  from t h e  r a t i o n a l  e x p e c t a t i o n s  approach,  two 

major  a s sumpt ions  w i l l  e x p l i c i t l y  be made abou t  t h e  Canadian 

economy when t e s t i n g  i s  under taken .  F i r s t ,  we w i l l  assume t h a t  
I 

i n f o r m a t i o n  abou t  t h e  a c t i v i t y  o f  government - - s p e c i f i c a l l y  i n  I 
I 

I t h e  money c r e a t i o n  a r e a s ,  i s  c u r r e n t ,  and r e p o r t e d  a c c u r a t e l y  

enough t h a t  d e c i s i o n  makers can c o l l e c t  such i n f o r m a t i o n  

c o n f i d e n t l y .  F u r t h e r ,  we w i l l  assume t h e  c o s t  o f  c o l l e c t i o n  i s  

n o t  p r o h i b i t i v e .  N e i t h e r  o f  t h e  above assumpt ions  seems 

u n r e a l i s t i c ,  b u t  w i t h o u t  them, t h e  t h e o r y  o f  r a t i o n a l  

e x p e c t a t i o n s  becomes s u s p e c t .  



Secondly, we w i l l  assume f o r  the purposes of t h i s  paper 

t h a t  enough dec is ion  makers understand the economy, t h a t  no 

cons i s t en t  misunderstanding of s i g n a l s  occurs. Thus, we assume 

t h a t  an increase i n  money crea t ion  over and above r e a l  growth in  

the economy w i l l  be viewed a s  an i n f l a t i o n a r y  pressure.  This i s  

s i m i l a r  t o  an assumption t h a t  markets c l e a r  instantaneously,  

inc luding  c a p i t a l  markets, o r  t h a t  p r i c e s  a r e  p e r f e c t l y  

f l e x i b l e .  Given the evidence of P a r t  I, ( t h a t  increases  in  

excess money crea t ion  over r e a l  growth l ed  t o  a v i r t u a l l y  

i n s i g n i f i c a n t  e f f e c t  upon bond r a t e s  outs ide  of the e f f e c t  upon 

cur ren t  i n f l a t i o n  r a t e s  themselves),  t h i s  assumption, too, seems 

n o t  t o  be a dangerous one. 

With these o v e r a l l  assumptions in  mind, we turn i n  the nex t  

sec t ion  t o  the s p e c i f i c  model employed where Canadian da ta  were 

t e s t ed .  

11 .2  The Rat ional  E x ~ e c t a t i o n s  Model 

The model t e s t e d  in  t h i s  sec t ion  of P a r t  I1 follows c lose ly  

from work published by Michael ~ u s s a l g  (Journal  of Monetary 

Economics, 1975). We begin by assuming a money demand funct ion 

'9 Mussa, Michael. op c i t .  Adaptive and Regressive Expectations 
i n  a Rat ional  Model of the I n f l a t i o n a ~ P r o c e s s .  
T -  -- 



employed by P h i l l i p  Cagan20 and o t h e r s :  

(15)  M D t  = Y t  + P t  - vP*t 

where MDt = l o g  of  money demanded a t  l l t "  

Y t  = l o g  of  r e a l  economic growth a s  

of  time " t 1 I  

P t  = l o g  of  p r i c e  l e v e l  a s  of  time " t l 1  

P * t  = expected r a t e  of  i n f l a t i o n  a s  o f  

time per iod litn 

v  = p a r t i a l  income e l a s t i c i t y  wi th  

r e s p e c t  t o  i n t e r e s t  r a t e s 2 1  

2 O  Cagan, P h i l l i p .  The Monetary Dynamics of Hype r in f l a t i on ,  i n  
M. Friedman ed.  l l ~ m i e s  i n  the  ~ u a n t i t y  Theory of MoneyT1, 
Un ive r s i t y  o f  Chicago Press ,  Chicago. 1956. 

21 The e l a s t i c i t y  may be der ived  from equa t ion  ( 1 5 ) :  

M D t  -vP*t 

Taking n a t u r a l  logar i thms  and d i f f e r e n t i a t i n g ,  and then 
d i v i d i n g  both s i d e s  by "d I n  P*tl1; and f i n a l l y  mu l t i p ly ing  and 
d i v i d i n g  the  H.H.S. by l1 M/P l1 and P  l l(dropping time 
s u b s c r i p t s  f o r  convenience) : 



Since i n f l a t i o n  i s  the expected percent  change in  pr ice  

l e v e l s  between fittt and "t+ll', and s ince  a t  a  given time l v t N  a 

c e r t a i n  information s e t  e x i s t s ,  we can wr i t e :  

where It = information s e t  a s  of time ' I t w  

E t  [ I  = expectated value opera tor  a s  

of  time " t l I  

Assuming markets c l e a r  continuously ( i . e .  money supplied = 

money demanded), and dropping the information s e t  symbol f o r  

convenience, s u b s t i t u t i o n  of (16)  i n t o  (15)  y ie lds :  , 

By manipulating (IT),  we obta in :  

Since an equation f o r  period "tW e x i s t s ,  i t  follows t h a t  

period llt+llf re la t ionsh ips  between p r i ce  l e v e l  and r i g h t  hand 

s ide  v a r i a b l e s  would be generated i d e n t i c a l l y :  

--"""""-"""""""""" 

21'(cont1d)where i ( ~ l f  represents  "percentage change". 



Assuming E t  E t+ l  = E t  : 

Using the  i d e n t i t y  e s t a b l i s h e d  i n  ( 1 8 ) ,  one can s u b t r a c t  

the  l e f t  s i d e  of  (18 )  from the  l e f t  hand s i d e  of  ( 2 0 ) ,  and the  

r i g h t  hand s i d e  of  (18)  from the  r i g h t  hand s i d e  of  ( 2 0 ) ;  and I 

keeping i n  mind t h a t  " E t  [ M t ]  = M t "  , and " E t  [ Y t l  = Y t " ,  we 1 

o b t a i n  : 

Updating (20 )  cont inuously  ( i . e .  f o r  " t + 2 " ,  " t+3" and so 

on) and s u b s t i t u t i n g  i n t o  the  r i g h t  most component of  ( 2 1 ) ,  " E t  

[ P t + l + i  - P t + i l n  ( i  = 1 ,2 , .  . .), we can ob ta in  an express ion  

s t r e t c h i n g  i n f i n i t e  pe r iods  i n t o  the  f u t u r e .  We assume, however, 

t h a t  a f t e r  some p o i n t  "t+rll the  weighted expec t a t i on  of f u t u r e  

i r icreases  i n  excess  money c r e a t i o n  over and above r e a l  growth 



" E t  [ (Mttr t l  - Mttr) - (Yttr t l  - Y t t r ) ] "  becomes i n s i g n i f i c a n t .  

A f t e r  such i n f i n i t e  s u b s t i t u t i o n  f o r  " E t  [ P t t l + i  - P t t i ] "  ( i  = 

1 , 2 , .  . . . . ), Equa t ion  ( 2 1  ) expands t o :  

oCI 

( 2 2 )  E t  [ P t t l  - P t ]  = l / l + v  E t  [ ( M t t j t l  
j.0 

Y t t j ) ]  ( v / v t l )  e x p  j 

Equat ion  ( 2 2 )  s t a t e s  t h a t  t h e  e x p e c t e d  p e r c e n t  change i n  

i n f l a t i o n  between p e r i o d s  "tl' and " t + l f l  i s  determined from a 

weighted average  o f  c u r r e n t  b e l i e f s  abou t  f u t u r e  i n c r e a s e s  i n  

money c r e a t e d  above r e a l  economic growth. The we igh t ing  term #I 
" ( l / l + v )  * ( v / v t l )  e x p  jn can be seen t o  d i m i n i s h  r a p i d l y  a s  " j l '  I I 

becomes l a r g e ,  s u g g e s t i n g  t h a t  o n l y  n e a r  f u t u r e  a c t i v i t i e s  i n  I l l  

e x c e s s  monetary c r e a t i o n  p l a y  an  i m p o r t a n t  r o l e  i n  e x p e c t a t i o n s  

f o r m a t i o n ;  i . e .  t h a t  " t t r f l  i s  n o t  a  d i s t a n t  f u t u r e  hor izon .  

To t h i s  p o i n t  n o t h i n g  h a s  been s a i d  w i t h  r e g a r d s  t o  how a  

d e c i s i o n  maker might  a r r i v e  a t  an e m p i r i c a l  e s t i m a t e  o f  " E t  
11 

[ P t + l  - P t ] " .  Indeed,  u n l e s s  something i s  known a b o u t  t h e  

p r o c e s s  by which " M t t l U  and "Yt+ ln  a r e  g e n e r a t e d ,  t h e  t h e o r y  i s  

o f  l i t t l e  p r a c t i c a l  importance.  F o r t u n a t e l y ,  knowledge i s  

a v a i l a b l e  a b o u t  b o t h  te rms;  flMt+lt '  i s  known t o  be a  f u n c t i o n  of 

t h e  monetary a u t h o r i t y ' s  d e c i s i o n  r e g a r d i n g  how l a r g e  t h e  money 

s u p p l y  shou ld  be a t  t ime t l t t lu,  and " Y t t l f l  can be shown (and 

w i l l  be shown l a t e r )  t o  f o l l o w  a d i s t i n c t ,  and t o  a  l a r g e  e x t e n t  



p r e d i c t a b l e ,  p a t h  through t ime.  

To fo l i ow  Mussa' s reason ing ,  an  e q u a t i o n  d e s c r i b i n g  

monetary growth might appear  as f o l l o w s :  

( 2 3 )  Mt+l - M t  = mt+l + A m t + l  - y e t  + e t + l  

where mt+l  = long  term monthly growth 

dec ided  upon by t h e  mon- 

e t a r y  a u t h o r i t y  

A mt+l  = change i n  l ong  term growth 

r a t e  as o f  t ime " t + l f 1 ,  

assumed t o  be d i s t r i b u t e d  

normal ly  w i t h  mean ze ro  

and f i n i t e  va r i ance  

y e t  = d e v i a t i o n  o f  a c t u a l  growth 

i n  the  money supp ly  from 

the  t a r g e t  " m t  + m t n ,  

p a r t i a l l y  compensated f o r  

i n  pe r i od  " t + l U  by a f r a c -  

t i o n  "y" 

e t + l  = random e r r o r  term a s  o f  

t ime " t + l n ,  d i s t r i b u t e d  

normal ly  w i t h  mean ze ro  

and f i n i t e  v a r i a n c e  



Equation ( 2 3 )  has  f o u r  major r i g h t  hand side components and 

each  de se rve s  comment. F i r s t ,  " m t t l u  r e p r e s e n t s  t he  long  term 

growth r a t e  decided upon by t h e  monetary a u t h o r i t y ,  and as such,  

cou ld  e q u a l  " m t  ". T h i s  long  term t a r g e t  growth r a t e  may o r  may 

n o t  be announced, bu t ,  as w i l l  be seen,  i t  can be i n f e r r e d  

s t a t i s t i c a l l y  from behav ior  o f  t h e  money s t o c k  ove r  t ime.  

Second, t he  term"lf;mt+lw r e p r e s e n t s  a  d e c i s i o n  as of pe r i od  " t + l u  

t o  a l t e r  t he  l ong  term growth r a t e  o f  t h e  money s t ock .  Th i s  term 

i s  n o t  e a s i l y  measured, s i n c e  i t  i s  i n d i s t i n g u i s h a b l e  from t h e  

l a s t  term " e t + l  " - -  both  o f  which a r e  assumed random normal 

v a r i a b l e s ,  w i t h  mean ze ro  and f i n i t e  va r i ance .  The remaining r 
term " e t  r e p r e s e n t s  t h e  e r r o r ,  known t o  t h e m o n e t a r y  ll 

I1 

a u t h o r i t y ,  i n  a ch i ev ing  the  d e s i r e d  growth r a t e  i n  pe r i od  "t" I 

( " m t  +hmtU) .  It i s  assumed under  t h i s  model t h a t  some p o r t i o n  o f  

t h i s  e r r o r ,  "y", i s  compensated f o r  by t he  monetary a u t h o r i t y  

d u r i n g  the  subsequent  pe r i od  " t+ l f l .  T h i s  term should  a l s o  be 

s t a t i s t i c a l l y  d e t e c t a b l e ,  even i f  unannounced. 
I 

:I 

An e q u a t i o n  f o r  "Y t+ lV  can s i m i l a r l y  be p o s t u l a t e d .  

Log i ca l l y ,  such  an e q u a t i o n  would seem t o  f i t  one o f  two forms:  

( 2 4 )  Yt+ l  - Y t  = b t + l  t u t + l  

( 2 5 )  Yt+ l  - Y t  = b t t l  t d u t  t u t + l  



Equat ion  (24  ) c h a r a c t e r i z e s  t h e  g e n e r a l  assumed behav io r  of 

r e a l  G.N.P.  growth - i . e .  a random walk o v e r  t ime a b o u t  a  

c o n s t a n t  growth t r e n d .  Equat ion  ( 2 5 ) ,  on t h e  o t h e r  hand, 

d i s p l a y s  c y c l i c a l  behav io r  i n  p e r c e n t a g e  i n c r e a s e s  i n  r e a l  

growth, where an e r r o r  i n  e x p e c t e d  growth t e n d s  t o  be 

c o n s i s t e n t l y  c a r r i e d  over  i n t o  f u t u r e  growth r a t e s ,  u n t i l  such  

t ime a s  f a c t o r s  o u t s i d e  t h e  e q u a t i o n  cause  a n e g a t i v e  u t  ", 

which then  p a s s e s  on i n t o  " Y t + l  " a s  a r e c e s s i o n a r y  i n f l u e n c e .  

A s  w i l l  be seen ,  monthly measures such  a s  t h e  I n d u s t r i a l  Index 

o f  P roduc t ion  and Real  Domestic P roduc t  d i s p l a y  behav io r  similar 

t o  ( 2 5 ) .  

Knowing t h e  hypo thes ized  s t r u c t u r e  o f  Mt+l " and " Y t t l  " 

a l l o w s  a  g r e a t  s i m p l i f i c a t i o n  o f  e q u a t i o n  ( 2 2 )  t o  be made. 

Assuming, a s  mentioned,  t h a t  beyond some f u t u r e  p e r i o d  ' t + r u ,  

t h e  impact  o f  f u t u r e  changes i n  monetary and r e a l  growth 

a c t i v i t y  a r e  i n c o n s e q u e n t i a l ,  t h e  f i n a l  term o f  i n t e r e s t  i n  
, 

e q u a t i o n  ( 2 2 )  becomes: 

S u b s t i t u t i n g  t h e  b e h a v i o r  o f  monetary and r e a l  growth 

hypo thes ized  i n  e q u a t i o n s  ( 2 3 )  and ( 2 4 ) ,  i n t o  ( 2 6 ) ,  l e a d s  t o :  



* ( v / v + l )  exp  r 

By assumption : 22 

which means t h e  f i n a l  term s o l v e s  t o  : 

I' A 
( 2 8 )  l / v + l  ( m t  - b t  ) * ( v / v + l )  e x p  r 

2 2  An a d d i t i o n a l  assumption might  have been added:  l1 Et [ b t + r + l ]  
= 0 ", b u t  t h e  term b t + r + l  was d e l e t e d  from e q u a t i o n  ( 2 7 )  due t o  
t h e  assumed c o n s t a n t  growth n a t u r e  o f  G.N.E. 



Applying express ion  (27 )  r e c u r s i v e l y  f o r  each o f  t he  

remaining r terms, and employing s i m i l a r  l o g i c  t h a t  a l l  

expected f u t u r e  va lues  of m t + i U ,  " e t + i V ,  and " u t + i n ,  (where i 

= 1,2,  . . ."r-1") would be equa l  t o  zero a t  time " tU,  the 

s o l u t i o n  t o  ( 2 2 )  appears  a s  fo l lows:  

00 

(29)  E t  [ P t t l  - P t ]  = l / v + l  E t  [ (  mt+l - 
jt0 

which f u r t h e r  s i m p l i f i e s  t o :  

A h A 
(30)  E t  [ P t + l  - P t ]  = ( m t  - ( l / v + l )  ~ e t )  - b t l  

Equation ( 3 0 )  r e p r e s e n t s  the  s t a t i s t i c a l  equa t ion  we w i l l  

employ when gene ra t ing  the  i n f l a t i o n a r y  e x p e c t a t i o n s  component 

of nominal bond r a t e s ,  i n  the  n e x t  s e c t i o n  o f  t h i s  study.  The 

reasoning under lying such an equa t ion  i s  s t r a igh t - fo rward :  the  

r a t i o n a l  dec i s ion  maker expec t s  i n f l a t i o n  Sn f u t u r e  t o  be a  

r e f l e c t i o n  of  governmentt s long term excess  monetary growth 

d e c i s i o n s  compensated by a c o r r e c t i o n  f a c t o r  i f  d e s i r e d  monetary 

growth was n o t  equa l  t o  average growth f o r  the  p re sen t  per iod.  
(r fi  f\ 

It should be no ted  t h a t  the  terms " m t v ,  " b t "  , and l lyett l  a r e  n o t  

n e c e s s a r i l y  known va lues ,  they r e p r e s e n t  the  dec i s ion  makers 

b e s t  e s t i m a t e  of  the  t r u e  parameter,  based upon exper ience 



and/or cu r ren t  information. 

11.3. Empirical  Est imates  as t o  the Behavior of Monetary and -- - 
Real Growth Rates --- Over The Period 1955 - 1978 - - -  

In the preceding sec t ion ,  equat ions such a s  ( 2 3 ) ,  ( 2 4 ) ,  and 

(25)  were suggested a s  possible  processes f o r  explaining the 

movements over time i n  the monetary and r e a l  growth s e c t o r s  of 

an economy. As a f i r s t  s t e p  towards t e s t i n g  the Fisher  Ef fec t  

f o r  Canada, two s e r i e s  of monetary aggregates  ( M I  and M3, 

s tandardly  def ined)  and three  ind ices  of r e a l  growth (G.N.E . ,  

Index of I n d u s t r i a l  Production and Real Domestic Product, a l l  a 
base year 1961) were subjected t o  the Box-Jenkins technique t o  11 

determine the autoregress ive  s t r u c t u r e  embodied in  each s e r i e s .  

Tables V I I I  and I X  p resent  the s t a t i s t i c a l  r e s u l t s  of those 

runs. A l l  da ta  were a r b i t r a r i l y  broken i n t o  separa te  sub-ser ies  

represent ing  pre-June 1, 1970 and post-June 1, 1970. It was 

decided t h a t  the Canadian monetary a u t h o r i t y '  s  decis ion t o  I 

I 

change from a f ixed  t o  f l o a t i n g  d o l l a r  a s  of  t h a t  date  was 

s i g n i f i c a n t  enough t o  warrant separa te  ana lys i s ,  and from 

examination of the c o e f f i c i e n t s  on both the constant  and moving 

average terms, such a decis ion appears va l id .  It might be noted 

t h a t  r e s u l t s  f o r  the G.N.E.  index a r e  n o t  l i s t e d .  No s i g n i f i c a n t  

break was found in  t h i s  s e r i e s  before and a f t e r  June 1, 1970; 

the autoregress ive  s t r u c t u r e  of the index over the e n t i r e  period 



1955 - 1978 appeared  as f o l l o w s :  

Since  G.N.E.  d a t a  i s  p u b l i s h e d  i n  q u a r t e r l y  form, 

c o n v e r t i n g  "Yt+l  - Y t n  i n t o  monthly e s t i m a t e s  was accomplished 
A 

by assuming a  c o n s t a n t  monthly t r e n d  i n  growth, "b t" ,  e q u a l  t o  

one t h i r d  t h a t  of t h e  c o n s t a n t  q u a r t e r l y  growth e s t i m a t e ,  1.834 
h 

p e r c e n t ,  o r  " b t  = .612". 

A s  Table  V I I I  shows, t h e  s e l e c t e d  monetary a g g r e g a t e s  

behaved in  a f a s h i o n  ve ry  s i m i l a r  t o  t h a t  p r e d i c t e d  by Mussa l s  

t h e o r y .  "M3" f o r  example, e x h i b i t e d  a  s t r o n g  c o n s t a n t  growth 

component o v e r  t h e  two t ime s e r i e s  examined, as w e l l  as a  one 

p e r i o d  a d j u s t m e n t  term, where "yV = .423 and .289 f o r  t h e  p e r i o d s  

1955- l970(5)  and 1 9 7 0 ( 6 )  -1978 r e s p e c t i v e l y .  The Chi-square 

s t a t i s t i c s  i n d i c a t e  t h a t  d u r i n g  t h e  p r e v i o u s  twelve month 

p e r i o d ,  a l m o s t  n o  s i g n i f i c a n t  a u t o c o r r e l a t i o n  remains 

unexp la ined  by t h e  e q u a t i o n  l i s t e d .  

The monetary a g g r e g a t e  " M l n ,  however, e x h i b i t e d  behav io r  

l e s s  w e l l  p r e d i c t e d .  For  the  p e r i o d  1955-1970(5) ,  a  s t r o n g  

c o n s t a n t  and one p e r i o d  l a g  c o r r e c t i o n  component were i s o l a t e d ,  

b u t  a two p e r i o d  l agged  e r r o r  term whose c o e f f i c i e n t  v a l u e  was 

p o s i t i v e  and s i g n i f i c a n t l y  d i f f e r e n t  from ze ro ,  was a l s o  found 

t o  be p r e s e n t .  With r e s p e c t  t o  t h e  l a t t e r  M 1  sub-per iod ,  

1970(6)-1978,  two l agged  e r r o r  te rms were a g a i n  found t o  be 



T a b l e  V I I I  

A u t o r e g r e s s i v e  S t r u c t u r e  o f  Moneta ry  A g g r e g a t e s  

R2 = . l o 9  Chi  s q u a r e d  ( 1 2 )  = 101 .6  ( 9  d. o f  f )  
Chi  s q u a r e d  ( 2 4 )  = 193 .4  ( 2 1  d. o f  f )  

2 )  1 9 7 0 ( 6 )  - -  1978  : 

R2 = .069 Ch i  s q u a r e d  ( 1 2 )  = 28 .8  ( 9  d. o f  f . )  
Chi  s q u a r e d  ( 2 4 )  = 46.6 ( 2 1  d. of f . )  

%M3t = . 568  - . 423  e t -1  + e t  
( 6 . 6 9 )  ( -6 .29 )  

R2 = . I 3 9  Chi  s q u a r e d  ( 1 2 )  = 15 .4  ( 1 0  d. o f  f . )  
Chi s q u a r e d  ( 2 4 )  = 37.6 (22  d. o f f . )  

R2 = .056 Chi  s q u a r e d  ( 1 2 )  = 28.4 ( 1 0  d. o f  f )  
Chi s q u a r e d  ( 2 4 )  = 45.6 (22  d. o f  f )  



Table I X  

A u t o r e g r e s s i v e  S t r u c t u r e  o f  Growth I n d i c e s  

R2 = .255 Chi squared  ( 1 2 )  = 117.5  (9  d. o f  f . )  
Chi squared  ( 2 4 )  = 229.4 ( 2 1  d. o f  f . )  

R2 = .259 Chi squared  ( 1 2 )  = 66.7 ( 9  d. of f . )  
Chi squared  ( 2 4 )  = 157.2 ( 2 1  d. o f  f . )  

R2 = .415 Chi squared  ( 1 2 )  = 90.6 (10 d. o f  f . )  
Chi squared  ( 2 4 )  = 157.2 (22 d. o f  f . )  

(Table  I X  con' t n e x t  page)  



Table  I X  ( c o n q  t )  

R2 = .404 Chi  squared  ( 1 2 )  = 79.0 (10 d. o f  f . )  
Chi squared  ( 2 4 )  = 139.1 (22 d. o f  f . )  

where % I I P  = p e r c e n t  change i n  I n d u s t r i a l  Index o f  
P roduc t ion  between p e r i o d s  "t" and "t-1" 

%RDP = p e r c e n t  change i n  Real  Domestic Product  
between p e r i o d s  "t" and "t-1" 

I1 
p r e s e n t  and a s s o c i a t e d  w i t h  c o e f f i c i e n t s  s i g n i f i c a n t l y  d i f f e r e n t  I 

from ze ro .  In  t h i s  i n s t a n c e ,  however, bo th  c o e f f i c i e n t s  were 

p o s i t i v e ,  and n o t  n e g a t i v e  as was expec ted . .  F u r t h e r ,  t h e  

Chi-square  t e s t  i n  t h e  1955-1970(5)  s e r i e s  showed t h a t  l a r g e  I 

amounts o f  a u t o c o r r e l a t i o n  remained even a f t e r  e x p l i c i t  I 
1 1  

c o n s i d e r a t i o n  was made o f  t h e  second e r r o r  term.23 

The p resence  o f  p o s i t i v e  l agged  e r r o r  components i n  a  

monetary a g g r e g a t e  r a i s e s  a  t h e o r e  t i c a l  problem. These te rms 
""""""I""""""""""" 

23 The p resence  o f  a u t o c o r r e l a t i o n  i n d i c a t e d  t h e  need of f i r s t  
o r  even second d i f f e r e n c i n g  b e f o r e  " s t r i c t n  s t a t i o n a r i t y  cou ld  
be ach ieved .  A s  w i l l  a l s o  be t h e  c a s e  l a t e r ,  however, t h e  
s t r u c t u r e  " Mt+l - M t  " was deemed d e s i r a b l e  enough t h a t  some 
remaining a u t o c o r r e l a t i o n  cou ld  be t r a d e d  o f f  a g a i n s t  t h e  added 
b e n e f i t  o f  hav ing  t h e  e s t i m a t e  i n  p e r c e n t a g e  change form. 



would seem t o  s u g g e s t  a c y c l i c a l  n a t u r e  t o  money c r e a t i o n ,  where 

unexpected growth i n  t h e  money supp ly  l e d  t o  even l a r g e r  f u t u r e  

growth, r a t h e r  than  a  l l c u t t i n g  backf1 by t h e  monetary 

a u t h o r i t i e s .  Such v a r i a t i o n  might  be r e l a t e d  t o  t h e  movements o f  

Canada 's  f l o a t i n g  d o l l a r  o v e r  t h e  p e r i o d  1970(6)-1978,  b u t  a  

s a t i s f a c t o r y  t h e o r e t i c a l  s o l u t i o n  i s  d i f f i c u l t  t o  fo rmula te .  

R e g a r d l e s s  o f  t h e  t h e o r e t i c a l  problems sugges ted  by t h e  

l a t t e r  behav io r  o f  t h e  M 1  s e r i e s ,  one v e r y  i m p o r t a n t  p o i n t  

emerges from Table  V I I I  - e a c h  d a t a  s e r i e s  fo l lowed  a c o n s i s t e n t  

and s t a t i s t i c a l l y  s t a b l e  p a t t e r n  th rough  t ime,  over  t h e  p e r i o d  

examined. A r a t i o n a l  d e c i s i o n  maker a s  o f  t ime l 1 t l 1 ,  then ,  cou ld  

conce ivab ly  have a r r i v e d  a t  an e s t i m a t e  as t o  the  longterm 

growth component and a u t o r e g r e s s i v e  s t r u c t u r e  o f  e a c h  monetary 

s e r i e s ,  l e a d i n g  t o  a  f u r t h e r  e s t i m a t e  r e g a r d i n g  l1 E t  [ Mt+l ]11 , 
u s i n g  o n l y  c u r r e n t  i n f o r m a t i o n  a t  t ime " t l l .  T h i s  i s  n o t  t o  

s u g g e s t  t h e  e s t i m a t e s  would be e x a c t  f o r  any p e r i o d ,  but ,  over  

t ime,  such  b e h a v i o r a l  r e l a t i o n s h i p s  would e n a b l e  t h e  a n a l y s t  a  

b e t t e r  p r o b a b i l i t y  f o r  a  c o r r e c t  g u e s s  abou t  a v a r i a b l e 1  s v a l u e  

a s  o f  t ime l 1 t l 1 ,  t han  any a v e r a g i n g  p r o c e s s  would be expec ted  t o .  

Hence, t h e  b e h a v i o r  o f  monetary growth i n  Canada would be 

compat ib le  w i t h  t h e  r a t i o n a l  e x p e c t a t i o n s  model as s e t  o u t  t o  

t h i s  p o i n t  i n  P a r t  I1 o f  t h e  paper .  

A s  Table  I X  shows, t h e  r e a l  growth components o f  t h e  

economy, o v e r  t h e  p e r i o d  examined, a l s o  r e a c t e d  in  a  

p r e d i c t a b l e ,  moving average  f a s h i o n .  A l l  s e r i e s  e x h i b i t e d  a  



p o s i t i v e  c o n s t a n t  growth t r e n d  and a t  l e a s t  one s i g n i f i c a n t  

moving average  c o e f f i c i e n t  term. In t h e  c a s e  o f  r e a l  growth 

i n d i c e s ,  t h e  s i g n  o f  t h e  moving average  term was p o s t u l a t e d  a s  

b e i n g  p o s i t i v e ,  c o n s i s t e n t  w i t h  o b s e r v a t i o n s  o f  b u s i n e s s  c y c l e s .  

In t h i s  m a t t e r ,  e s t i m a t e d  e q u a t i o n s  f o r  r e a l  growth conformed 

w e l l  w i t h  t h e o r y .  The o n l y  s t a t i s t i c a l  problem i n  Table  I X  i s  

i n d i c a t e d  by t h e  Chi-square  s t a t i s t i c ,  i n d i c a t i n g  i n  a l l  c a s e s  

shown t h a t  some a u t o c o r r e l a t i o n  remained unaccounted f o r  by  t h e  

s t r u c t u r e  t e s t e d .  However, t h e  e q u a t i o n s  shown a r e  compat ib le  

w i t h  t h e  f o r m u l a t i o n  Y t + l  - Y t  ", and a s  such, a r e  i n  a  

d e s i r a b l e  s t r u c t u r e  f o r  t e s t i n g .  

A s  shown, t h e r e f o r e ,  two monetary a g g r e g a t e s ,  M 1  and M3, 

and t h r e e  r e a l  growth i n d i c e s  G.N.E. ,  I n d u s t r i a l  Index o f  

P roduc t ion ,  and Real  Domestic P roduc t ,  e x h i b i t  c h a r a c t e r i s t i c s  

o v e r  t ime which a r e  condusive t o  e s t i m a t i n g  e x c e s s  monetary 

growth i n  p e r i o d  " t + l n ,  s u b j e c t  t o  some p r o b a b i l i t y  o f  e r r o r . 2 4  

A problem now p r e s e n t s  i t s e l f  i n  d e t e r m i n i n g  which o f  t h e  s i x  

p o t e n t i a l  combinat ions  o f  M 1 ,  M3, G.N.E. ,  I. I . P . ,  o r  R.D.P.,  a  

r a t i o n a l  d e c i s i o n  maker would s e l e c t  f o r  e s t i m a t i n g  f u t u r e  

e x c e s s  monetary c r e a t i o n  - -  e a c h  c o u l d  a c t  a s  a s u i t a b l e  
~ " - w w ~ ~ ~ - - - w w ~ ~ - - -  * The p r o b a b i l i t y  o f  a  c o r r e c t  e s t i m a t e  i n  p e r i o d  l l t + l l l  shou ld  
g r e a t l y  i n c r e a s e  under such c i rcumstances ,  compared w i t h  an 
e s t i m a t e  based s o l e l y  upon p a s t  l l t r e n d s l l .  The p a s t  s u c c e s s  of 
t h e  a d a p t i v e  e x p e c t a t i o n s  h y p o t h e s i s  i n  t h i s  r e s p e c t  would seem 
somewhat p u z z l i n g ,  t h e r e f o r e ,  b u t  as w i l l  be shown l a t e r ,  t h e  
e r r o r  s t r u c t u r e  o f  i n f l a t i o n  r a t e s  a l l o w s  comparable accuracy  t o  
be d e r i v e d  from e i t h e r  t h e  a d a p t i v e  o r  r a t i o n a l  e x p e c t a t i o n s  
approaches .  



c a n d i d a t e  when t e s t i n g  the  F i s h e r  E f f e c t  i n  a  r a t i o n a l  

e x p e c t a t i o n s  model such  as Mussa s u g g e s t s .  The c r i t e r i o n  dec ided  

upon, however, was t h e  p a s t  s u c c e s s  r a t e  o f  e a c h  p r e d i c t o r ,  
\ 

v i s - a - v i s  observed i n f l a t i o n  i n  p e r i o d  " t + l V .  

11.4. E m p i r i c a l  T e s t s  o f  t h e  F i s h e r  E f f e c t  Under R a t i o n a l  --- 

E x p e c t a t i o n s  Assumptions: The - Mussa Model 

Before  t h e  t e s t i n g  o f  an e q u a t i o n  s i m i l a r  t o  ( 1 2 )  in  P a r t  I 

c o u l d  be under taken ,  an e s t i m a t e  was r e q u i r e d  f o r  t h e  e x p r e s s i o n  
h A A 

" m t  - ( l / l + v )  y e t  - b t n .  A s  mentioned i n  t h e  p r e v i o u s  

s u b - s e c t i o n ,  two monetary a g g r e g a t e s  were found t o  g e n e r a t e  
A A 

s t a b l e  v a l u e s  o f  " m t  and " y e t  ", and t h r e e  r e a l  growth 
I\ A 

s e r i e s  o f f e r e d  p o t e n t i a l  te rms " b t  " and " d u t  ". 
A s  a  p r e l i m i n a r y  measure, e a c h  o f  t h e  s i x  combinat ions25 

s u g g e s t e d  by t h e s e  f i n d i n g s  was r e g r e s s e d  a g a i n s t  t h e  a c t u a l  

r a t e  o f  i n f l a t i o n  one p e r i o d  i n  f u t u r e ,  t o  de termine  which 

e s t i m a t o r s  performed b e s t  i n  p r e d i c t i n g  i n f l a t i o n .  The 

r e g r e s s i o n s  took t h e  form: 

"""""""""1"1"""""" h A h 

25, The s i x  con$binations a l l u d e %  t o  a :  1) M 1  - G . N . E  2 )  M 1  - 
I.I&. ; , 3 )  M 1  - R.%.P. ; 4 )  M3 - G.N.E . ;  5 )  $3 - 1.q:~. ; and 
6 ) .  M3 - R.D.P. 



A /r. f i  
where M = M 1  and M3 r e s p e c t i v e l y  

A A /- 4- 

Y = G.N.E . ,  I . I . P .  and R.D.P. 

s e p a r a t e l y  

e l t + l  = random e r r o r  term i n  p e r i o d  l l t+ l l l ,  

assumed t o  be d i s t r i b u t e d  normal ly  

w i t h  mean z e r o  and f i n i t e  v a r i a n c e  

One would assume t h a t  t h e  e s t i m a t o r  which b e s t  p r e d i c t e d  

i n f l a t i o n  o v e r  t ime shou ld  be t h a t  chosen by r a t i o n a l  d e c i s i o n  

makers a s  t h e  most d e s i r a b l e  i n d i c a t o r  o f  f u t u r e  i n f l a t i o n .  

The r e s u l t s  o f  t h e s e  s i x  r u n s  a r e  l i s t e d  i n  Table  X, and 

Table  X I  a f t e r  removal of  a u t o c o r r e l a t i o n .  A s  i s  c l e a r  from 

t h e s e  Tab les ,  Equa t ions  ( 5 )  and ( 6 )  employing f u t u r e  e s t i m a t e s  I# 

o f  M3 and M 1  pe rcen tage  growth minus e x p e c t e d  growth i n  r e a l  

domest ic  p roduc t ,  do n o t  p r e d i c t  i n f l a t i o n  w e l l .  The 

c o e f f i c i e n t s  a t t a c h e d  t o  t h e  p r e d i c t i o n  term, i n  f a c t ,  do n o t  
I 

prove s t a t i s t i c a l l y  d i f f e r e n t  from ze ro .  I 

On t h e  o t h e r  hand, f u t u r e  e s t i m a t e s  o f  p e r c e n t  M3 growth 11 

minus t h e  e x p e c t e d  r e a l  growth term g e n e r a t e d  by G.N.E. d a t a ,  

shown as Equat ion  ( I ) ,  performed w e l l  i n  r e l a t i o n  t o  t h o s e  

t e s t e d .  A f t e r  a u t o c o r r e l a t i o n  was removed, f o r  example, t h e  

c o e f f i c i e n t  co r respond ing  t o  t h e  p r e d i c t i o n  term i n  e q u a t i ~ n  1, 

Table  X I ,  proved some seven t i m e s  g r e a t e r  than  t h e  n e x t  l a r g e s t  



T a b l e  X 

A A 
OLSQ : % C P I t  = a + b ( M - G r o w t h )  

A A 
2 )  % c P I t  = .322 + . l o 8  MlEXt + e t  7 1  MlEX = f (M1 - Y )  

(13 .84  ( 3 . 8 4 )  
R2 = . 0 5 0  D.W. = 1 . 2 4  

A /2 
3 )  % c P I t  = .337 + .O34 M3EXt + e t  7 1  M3EX = f (M3 - I I P )  

( 1 4 . 6 7 )  ( 3 . 1 2 )  
R2 = . 0 3 3  D.W. = 1 . 1 0  

n fi  
4 % C P I t  = . 342  + - 0 2 8  MlEXt + e t  7 1  MlEX = f (M1 - I I P )  

( 1 4 . 9 8 )  (2.89)  
R2 = .O29 D.W. = 1 . 0 9  

A h 
5 )  % C P I t  = . 414  + . 006  M3EXt + e t  8 7  M3EX = f(M3 - RDP) 

(15 .82  ( 1 . 7 1 )  
R2 = . 0 1 4  D.W. = 1 . 0 9  

A /\ 
6 )  % C P I t  = . 412  + . 006  MlEXt + e t  11 MlEX = ~ ( M I - R D P )  

R2 = . 012  D.W. = 1 . 0 6  

w h e r e  EXt = e x c e s s  m o n e t a r y  c r e a t i o n  p r e d i c t e d  as o f  
p e r i o d  llt-1" f om a u k o r e g r e s s i v e  s t r u c t u r e  
shown as  f (  +i - Growth)  



T a b l e  X I  

A R 
C o r c :  % C P I t  = a + b ( M  - Growth) + e t  

A A 
1) % C P I t  = .279 + . I 4 7  M3EXt + e t  7 7  M3EXt = f(M3 - Y) 

( 6 . 9 7 )  ( 2 . 8 5 )  
R2 = . 2 3  Rho = . 382  D.W. = 2.07 

A 
2 )  % C P I t  = . 339  + .006 MlEXt + e t  7 7  MlEX = f ( M 1  - Y )  

( 8 . 6 8 )  ( . 2 4 7 )  
R2 = . 2 3  Rho = . 476  D.W. = 2 .15  

A A 
3 )  % C P I t  = . 339  + .022 M3EXt + e t  7 7  M3EX = f(M3 - I I P )  

( 9 . 0 7 )  ( 2 . 0 8 )  
R2 = . 2 3  Rho = . 456  D.W. = 2.14 

A A 
4 )  % C P I ~  = . 340  + - 0 1 5  M l E X t  + e t  7 7  MlEX = f ( M 1  - I I P )  

( 8 . 9 3 )  ( 1 . 7 2 )  
R2 = . 2 3  Rho = . 469  D.W. = 2.16 

A f i  
5 )  % C P I t  = . 413  + . 006  M3EXt + e t  7 7  M3EX = f (M3 - R D P )  

( 9 . 68 )  ( 2 . 0 7 )  
R2 = . 22  Rho = . 455  D.W. = 2 .14  

A A 
6 )  % C P I t  = . 409  + . 006  M l E X t  + e t  7 7  MlEX =f(Ml-RDP) 

( 9 . 3 4 )  ( 1 . 8 7 )  
R2 = . 2 3  Rho = . 4 7 1  D.W. = 2.10 

where EXt = pred ic t ed  e x c e s s  m o n e t a r y  c r e a t i o n  
as of  t i m e  l l t - l l 1  



predic t ion  c o e f f i c i e n t  ( . I 4 7  vs. . 0 2 2 ) .  Table X a l s o  suggests 

t h a t  in  Equation ( 2 ) ,  expected percentage increases  in  M 1  

minus expected growth i n  G.N.E. f a r e d  r e l a t i v e l y  well  in  

t e s t i n g .  In the process of removing f i r s t  order  

au tocor re la t ion  v i a  the Cochrane-Orcutt technique, however, a  

su rp r i s ing  drop occured i n  both the magnitude and s igni f icance  

of the predic t ion  term ( i . e .  . I08 in Table X, t o  .006 in  Table 

X I ) .  

Another poin t  i s  worth no t ing  about Tables X and X I .  

Generally, a s  one scans equat ions (1) t o  ( 6 )  v e r t i c a l l y ,  two 

t rends  seem evident ,  1) equat ions employing M3 es t imates  

outperform those incorporat ing M 1  p redic ted  values;  and 2 ) 

expected growth in  G.N.E. outperforms the Index of I n d u s t r i a l  

Production and Real Domestic Product ind ices  a s  i n d i c a t o r s  of 

f u t u r e  i n f l a t i o n .  Performance, i n  t h i s  ins tance  r e f e r s  t o  the 

measured s i z e  and s igni f icance  of predic t ion  c o e f f i c i e n t s ,  

and, before f i r s t  d i f ferencing ,  explained v a r i a t i o n  ( R2 ) in  

p red ic t ing  fu tu re  inf lat ion. /26 I t  should be reasonable t o  

assume, therefore ,  t h a t  a  r a t i o n a l  dec is ion  maker, seeking the 

b e s t  information about i n f l a t i o n  i n  period l l t  + 1 1 1 ,  would be 

2 6  I n t e r e s t i n g l y ,  r e l a t i v e  success in  predic t ion ,  a t t r ' i bu tab le  
t o  the es t imate  of r e a l  growth component, appears inve r se ly  
propor t ional  t o  the s e n s i t i v i t y  of the output measure 
represented by each index. Monthly R.D. P. var ied  more than 
I . I . P .  ( i . e .  variance of % R.D.P. = 96.96; variance of % 
I . I . P .  = 18-57)  and both predicted poorly compared with a  
cons tant  expected G.N.E.  monthly growth t rend.  

I'll 
Ill 



most i n t e r e s t e d  i n  the  behavior  of M 1  and M3, over  and above 

the expec ted  c o n s t a n t  growth r a t e  i n  G.N.E. .  

For  t h e  remainder o f  t h i s  s tudy ,  t h e r e f o r e ,  f i n d i n g s  a r e  

n o t  r e p o r t e d  when based upon t he  assumption t h a t  a  r a t i o n a l  

d e c i s i o n  maker would choose t o  r e l y  on e s t i m a t e s  gene ra t ed  

from 1.1. P. o r  R.D. P. when forming i n f l a t i o n a r y  e x p e c t a t i o n s .  

27 
A 

Having decided upon t he  most d e s i r a b l e  e s t i m a t e s  o f  'mt" ,  
A fi 

l f b t " ,  and " y e t n ,  based upon t he  c r i t e r i a  on i n f l a t i o n a r y  

p r e d i c t i o n  r e c o r d s  over  t ime,  on ly  one f u r t h e r  d e t a i l  r e q u i r e d  

a t t e n  t i o n  be fo r e  t e s t i n g  cou ld  be under taken - - s p e c i f i c a l l y ,  

t h e  choosing o f  an e s t i m a t e  o f  " v  " i n  Equat ion ( 3 0 ) .  It was 

decided t h a t  r a t h e r  than assuming one va lue  f o r  t h i s  

parameter ,  ( t h e  income e l a s t i c i t y  o f  money ho ld ing  du r ing  

i n f l a t i o n ) ,  r easonab le  bounds f o r  p o s s i b l e  " v  " va lue s  should  

be e s t a b l i s h e d ,  and t e s t s  o f  Equat ion ( 3 0 )  be c a r r i e d  o u t  

between t h e s e  p robab le  Ifend p o i n t s n .  

The va lue  o f  If  v  " should,  a  p r i o r i ,  be g r e a t e r  than o r  

e q u a l  t o  ze ro ,  s i n c e  income e l a s t i c i t i e s  a r e  n o t  assumed 

n e g a t i v e  f o r  normal goods, i n c l u d i n g  money. A s  such, 'I v  = 0  " 
was t e s t e d  as t h e  lower bound. With r e s p e c t  t o  an upper bound, 

t h e  va lue  o f  "v = 2 was s e l e c t e d ,  f o l l o w i n g  r ea son ing  t h a t  
- - w - - ~ - - " " - - - " - - " "  

2 7  T e s t i n g  was c a r r i e d  ou t  u s ing  " b t V  v a l u e s  gene ra t ed  v i a  
t he se  "second be s t "  growth s e r i e s ,  however, as a  check, bu t  
were found t o  be ve ry  e r r a t i c  due t o  t he  v o l a t i l i t y  o f  t he  
I . I . P .  and R.D.P. components o f  " E t  [ P t + l  - P t  1". 



t h e  t r u e  va lue  o f  such an income e l a s t i c i t y  would most l i k e l y  

f a l l  i n  the  i n e l a s t i c ,  o r  a t  most,  u n i t  e l a s t i c i t y  region.28 

A s  such,  t h e  p r o b a b i l i t y  o f  committ ing a Type I s t a t i s t i c a l  

e r r o r  ( i . e . )  t h e  t r u e  pa ramete r  v a l u e  o f  " v  ", f a l l i n g  beyond 

t h e  bound e s t a b l i s h e d  as t h e  upper end p o i n t  i n  t h e  sample was 

deemed s u f f i c i e n t l y  s m a l l ,  f o r  "v =211. 

Having s p e c i f i e d  t h e  method f o r  e s t i m a t i n g  P * t  = E t  

[ P t + l  - P t ] " ,  an e q u a t i o n  such  a s  ( 3 3 )  was t e ~ t e d : ~ g  

( 3 3 )  R N t  = a + b l P % t  + e t  

and t h e  r e s u l t s  l i s t e d  i n  T a b l e s  X I 1  and Table  X I I I ,  where 
A A 

Table  X I 1  shows t h e  r e s u l t s  o f  g e n e r a t i n g  " m t u  and " y e t "  from 

the  M 1  s e r i e s ,  and Table X I 1 1  from t h e  M3 s e r i e s .  

Perhaps t h e  most i m p o r t a n t  t e s t  s t a t i s t i c  r e p o r t e d  i n  
I 

T a b l e s  X I 1  and X I 1 1  i s  t h e  Durbin-Watson s t a t i s t i c ,  which once 

a g a i n  i n d i c a t e d  s t r o n g  a u t o c o r r e l a t i o n  i n  t h e  r e g r e s s i o n  

2 8  R e a l i s t i c a l l y ,  t h e  magnitude o f  "vU shou ld  be ve ry  c l o s e  t o  ,I 

zero .  R e c a l l i n g  t h e  two components o f  ffvfl a r e :  1) d ( M/P) / d ll 

P * t  and t h i s  i s  m u l t i p l i e d  by 2 )  ( P a t  ) / (M/P) , t h e  p roduc t  
shou ld  be a  s m a l l  f r a c t i o n  i f  o n l y  because  ( 2  ) i s  a  small 
number . 
29 The " h a t v  v a l u e s  used i n  t h e  run 1955-1978 were -compiled 
from p r e -  and pos t - June  1, 1970 runs ,  s i n c e  under  r a t i o n a l  
e x p e c t a t i o n s  an  assumption i s  made t h a t  a  r a t i o n a l  d e c i s i o n  
maker would n o t  use  t h e  same i n f l a t i o n a r y  e s t i m a t i o n  procedure  
under  s i g n i f i c a n t l y  d i f f e r e n t  i n f o r m a t i o n  s e t s  - -  i . e .  t h e  
knowledge t h a t  c u r r e n c y  h a s  been a l lowed  t o  f l o a t  i n  va lue  
r a t h e  r than remain pegged. 



r e s u l t s .  F i r s t  o r d e r  a u t o c o r r e l a t i o n  wa,s removed v i a  t h e  

Cochrane - 0 r c u t t  t echn ique ,  and t h e  modi f i ed  e q u a t i o n s  

p r e s e n t e d  l a t e r  i n  t h e  paper ,  b u t  b e f o r e  l e a v i n g  Tab les  X I 1  

and X I I I ,  two p o i n t s  shou ld  be made. 

F i r s t ,  w i t h  r e s p e c t  t o  t h e  a u t o c o r r e l a t i o n  n o t e d ,  i t  

might  be r e c a l l e d  t h a t  such a  c h a r a c t e r i s t i c  i s  b e l i e v e d  n o t  

t o  l e a d  t o  b i a s  i n  e s t i m a t e d  c o e f f i c i e n t s  o v e r  l a r g e  samples.  

While t h e  p r e s e n t  examinat ion  c e r t a i n l y  does  n o t  c o n s t i t u t e  a  

l a r g e  sample c a s e ,  and b i a s  may w e l l  be a  problem, t h e r e  

should  be n o  c o n s i s t e n t  e r r o r  e x p e c t e d  i n  t h e  v a l u e s  o f  l1 a  l1 

and " b l l l  a s  r e p o r t e d .  What i s  a n t i c i p a t e d ,  however, i s  t h a t  

t h e  11R2" and l 1 t "  s t a t i s t i c s  a r e  b i a s e d  upwards by t h e  

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

T h i s  l e a d s  t o  an i n t e r e s t i n g  p o s s i b i l i t y  sugges ted  by 

T a b l e s  X I 1  and X I I I .  A s  was t h e  c a s e  i n  P a r t  I, t h e  e s t i m a t e d  

c o e f f i c i e n t  lt b l "  i n  e q u a t i o n  (33)  should  always f a l l  between 

z e r o  ( n o  a n t i c i p a t e d  i n f l a t i o n  compensated f o r  by t h e  nominal  

bond r a t e )  and one ( p e r f e c t  compensat ion) .  The l1 b l "  v a l u e s  

from T a b l e s  X I 1  and X I 1 1  a r e  shown t o  be a lmos t  always 

s i g n i f i c a n t l y  l a r g e r  than  one, b u t  i t  shou ld  be n o t e d  t h a t  t h e  

" t l 1  s t a t i s t i c s  a r e  s u s p e c t ,  due t o  t h e  above mentioned problem 

of  a u t o c o r r e l a t i o n .  If t h e  t r u e  l t t "  v a l u e  were t o  be lower  

than  e s t i m a t e d ,  i t  i s  p o s s i b l e  the  b l u  c o e f f i c i e n t ,  i n  



Table  XI1 

A 
OLSQ : R N t  = a + bP* t  + e t  fi P g t  = M 1  - Y 

R N t  V = O  V = l  V = 2  

1. Day a = 5.59 (37 .05 )  a = 5.25 (33 .42 )  a = 5.11  (32 .02 )  
3 0 t  b = - 9 7 1  ( 5 . 9 3 )  b = 1.77 (8 .09 )  b = 2.10 ( 8 . 8 6 )  

R2 = . I 3 6  R2 = .227 R2 = , 260  
D.W. = .234 D.W. = .232 D.W. = . I 8 0  

2. Day a = 5.55 (43 .19)  a = 5.25 (40 .52 )  a = 5.14 (39 .51 )  
g o t  b = 1.08 ( 7 . 0 4 )  b = 1.93 (9 .69 )  b = 2.26 (10 .65)  

R2 = . I 5 5  R2 = .257 R2 = .295 
D.W. = .247 D.W. = .239 D.W. = . I 8 2  

3. Mon a = 4.56 (37 .03 )  a = 4.30 (34 .39)  a = 4.20 (33 .39)  
3 t  b = 1.02 (6 .86 )  b = 1 .81  ( 9.28)  b  = 2.12 (10 .12)  

R2 = . I 4 3  R2 = .235 R2 = -267  
D.W. = .221  D.W. = .204 D.W. = . I 4 8  

I 

4. Mon a = 5.20 (39 .83 )  a = 4.95 (36 .03 )  a = 4.85 (34 .57 )  
6 t  b = .783  ( 5 . 4 3 )  b =  1.40 ( 7 . 9 1 )  b = 1 .65  ( 7 . 8 1 )  I I 

R2 = . I 1 3  R2 = . I 8 4  R2 = .2O9 
D.W. = - 1 9 1  D.W. = . I 7 9  D.W. = . I 3 6  

5. Year a = 5.11  (50 .38)  a = 4.85 (48 .57 )  a = 4.75 (47 .98)  I 

I t  b = .990 ( 8 . 0 1 )  b =  1 .78  ( 1 1 . 4 1 )  b =  2.09 (12 .72 )  
R2 = . I 8 6  R2 = .317 R2 = .365 
D.W. = .290 D.W. = .292 D.W. = .218 

6. Year a = 5.46 (55 .79)  a = 5.18 (54 .89)  a = 5.06 (54 .85)  
3 t  b = 1 .01  (8 .46 )  b = 1.84  (12 .47)  b = 2.17 (14 .15)  

R2 = .203 R2 = .356 R2 = .416 
D.W. = .319 D.W. = .342 D.W. = .259 



T a b l e  XI11 

A 
OLSQ = R N ~  = a + bP* t  + e t  n ~ * t  = M3 - Y 

1955 - 1978  

R N t  v = O  v =  1 v = 2  

1. Day a = 5 .09  (25 .07 )  a = 5.03 ( 3 0 . 3 6 )  a = 5 .01  (30.18) 
3 0 t  b = 1 .82  ( 6 . 3 7 )  b = 2.46 ( 9 . 3 3 )  b = 2 .51  (9 .47 )  

R2 = . 152  R2 = . 278  R2 = .284 
D.W. = .232 D.W. = . l o 9  D.W. = . 096  

2.  Day a = 5 .14  ( 3 1 . 6 1 )  a = 5.07 ( 3 7 . 9 2 )  a = 5.04 ( 3 7 . 8 1 )  
g o t  b = 1 . 8 1  ( 7 . 3 8 )  b = 2 .63  (11 .28 )  b = 2.68 (11 .46 )  

R2 = . I 6 6  R2 = .317 R2 = .324 
D.W. = - 2 5 2  D.W. = . l o 8  D.W. = .094 

3. Mon a = 4.28 (27 .07 )  a = 4.18 ( 3 1 . 9 1 )  a = 4.16 ( 3 1 . 8 1 )  
3 t  b = 1 .58  ( 6 . 5 9 )  b = 2 . 4 2  ( 1 0 . 4 2 )  b =  2.48 ( 1 0 . 6 4 )  

R2 = . I 3 4  R2 = - 2 7 8  R2 = .286 
D.W. = - 1 7 8  D.W. = .07Q D.W. = .060 

4. Mon a =  4.93 ( 2 7 . 6 0 )  a =  4.81 ( 3 2 . 2 0 )  a =  4.79 ( 3 2 . 0 4 )  I, 

6 t  b = 1 .27  ( 5 . 0 0 )  b = 1 . 9 2  ( 7 . 9 4 )  b = 1 .97  ( 8 . 1 3 )  
I 

R2 = . 097  R2 = - 2 1 2  R2 = - 2 2 0  
D.W. = . I 4 2  D.W. = .076 D.W. = .067 

5. Year a = 4.81 (37 .27 )  a = 4.72 ( 4 6 . 2 0 )  a = 4.70 (46 .29 )  I 

I t  b = 1 .59  ( 8 . 1 0 )  b = 2.40 ( 1 3 . 2 4 )  b = 2.46 ( 1 3 . 5 9 )  
R2 = .189 R2 = . 383  R2 = . 396  
D.W. = .257 D.W. = . I 1 3  D.W. = - 0 9 5  

6. Year a = 5.07 ( 4 2 . 1 1 )  a = 5 .01  ( 5 3 . 8 0 )  a = 4.99 (53 .99 )  
3 t  b = 1 .75  ( 9 . 5 7 )  b = 2.52 ( 1 5 . 2 3 )  b = 2.57 ( 1 5 . 6 2 )  

R2 = . 245  R2 = , 4 5 1  R2 = .464 
D.W. = .322 D.W. = - 1 1 7  D.W. = .094 



a c t u a l  f a c t  would prove n o t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  a t  the 

95% c e r t a i n t y  l e v e l ,  from one. 

Secondly, the pa t t e rn  i n  c o e f f i c i e n t  values of both 'laf1 an d 

" b l n  when ''vll i s  increased from zero t o  one, and from one t o  two 

i s  of  i n t e r e s t .  Since the l1 a  l1 value c o n s i s t e n t l y  f a l l s ,  a s  

expected, and the l l b l l l  value c o n s i s t e n t l y  r i s e s ,  a l s o  a s  would 

be predic ted  from the r e l a t i o n s h i p  shown in  equation ( 3 3 )  a s  " v  

l1 i s  increased,  the "end point1' method appears c redib le .  
, 

Depending upon one ' s  b e l i e f  a s  t o  the t rue  l1 v  l1 value, 

therefore ,  an es t imate  may be drawn i n  r e l a t i o n  t o  the 

monotonically increas ing  behavior of the l1 b l  l1 coef f i c i en t ,  and 

decreasing behavior of the l1 a  1 1 ,  o r  constant  term, over the 

range l1 0C,v<2 l l .  

As mentioned, removal of f i r s t  order  au tocor re la t ion  was 

undertaken f o r  equation (33) ,  and these r e s u l t s  a re  presented in  
A 

Tables X I V  and XV - again where Table X I V  corresponds t o  l l m t  'I 
I 

I 

/r 
and l lb t l '  e s t imates  derived from M1, and Table XV, t o  the same 

1 1  

parameters, but es t imated from M3. Changes in  both constant  and 

c o e f f i c i e n t  magnitudes be tween the two previous Tables and the I 

cur ren t  r e s u l t s  a r e  most no t i ceab le .  Table XV, i n  f a c t ,  even 

d i sp lays  negat ive  l lb l  l1 c o e f f i c i e n t  values - -  suggesting t h a t  

expected inc reases  in  excess monetary growth leads  on average t o  

a  f a l l  i n  nominal bond r a t e s .  In almost a l l  cases,  the 

c o e f f i c i e n t s  der ived in Tables X I V  and XV cannot be shown 

s i g n i f i c a n t l y  d i f f e r e n t  from zero a t  the 95% probab i l i ty  l e v e l ,  
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Table XV 

A A 
CORC: R N t  = a + bP*t  + e t  Y ~ * t  = M3 - Y 

RN t 
1. Day 

3 0 t  

2. Day 
g o t  

3. Mon 
3 t  

4. Mon 
6  t 

5. Year 
1 t 

6. Year 
3  t 

v = o  v =  1 v = 2  
a = 7.30(4 .19)  a = 7.32(4 .17)  a = 7.24(4 .22)  
b = - .190(-2.39)  b = - .253(- .778) b = - .152(- .619) 
R2 = .950 R 2  = .948 R 2  = .948 
D.W. = 1.75 D.W. = 1.73 D.W. = 1.73 
P = .982 P = .982 P = .982 

a = 7.51(5 .18)  a = 7.58(5 .24)  a = 7.49(5 .29)  
b = - .136(-2.19)  b = - .312(-1.05)  b = - .210(- .936) 
R 2  = .954 R 2  = .954 R2 = .954 
D.W. = 1.66 D.W. = 1.64 D.W. = 1.64 
P = .981 P = .983 P = -982 

a = 7.98(4 .09)  a = 7.64(4 .49)  a = 7.55(4.54)  
b = - .065(-1.37) b = - .146(- .633) b = -.O82(-.471) 
R 2  = .971 R2 = .971 R2 = .971 
D.W. = 1.38 D.W. = 1.35 D.W. = 1.35 
P = .990 P = .989 P = -989 

a = 8 .51(2 .68)  a = 8.27(2 .92)  a = 8.16(2 .94)  
b = - .131(-2.15)  b = -.202(-. 796)  b = - ,131( - -699)  
R2 = .961 R2 = .960 R 2  = .960 
D.W. = 1.49 D.W. = 1.46 D.W. = 1.46 
P = 0993 P = .992 P = .992 

a = 7.98(5.17)  a = 7.72(5 .76)  a = 7.67(5.77)  
b = - .038(- .329) b = - .216(- .977) b = - .159(- .955) 
R 2  = - 9 7 1  R 2  = -962 R2 = .962 
D.W. = 1.40 D.W. = 1.39 D.W. = 1.36 
P = .988 P = .987 P = .987 

a = 7.97(5 .60)  a = 7.72(6 .35)  a = 7.71(6 .29)  
b = - .013(- -329)  b = -. 136(- .727)  b = - .084(- .600) 
R 2  = .971 R2 = .971 R 2  = .971 
D.W. = 1.44 D.W. = 1.43 D.W. = 1.43 
P = .989 P = .988 P = .988 



and the  e s t i m a t e d  c o n s t a n t  component of nominal  bond r a t e s  r i s e s  

i n  a l l  c a s e s  far  above any seemingly l o g i c a l  l e v e l  ( i . e .  "a = 

7.00" is  t h e  lowes t  e s t i m a t e  o f  r e a l  r e t u r n  from Table XV over  

the  pe r i od  1955-1978). 

It might  be no t ed ,  a s  w e l l ,  t h a t  t he  ?' rhot1 value chosen by 

t h e  Cochrane O r c u t t  t echn ique  i s  ex t r eme ly  c l o s e  t o  one i n  a l l  

c a se s .  T h i s  might  h e l p  t o  e x p l a i n  t h e  q u e s t i o n a b l e  e s t i m a t e s  o f  

c o n s t a n t  va lue s .  Even w i t h  such l a r g e  f l rhof '  v a lue s ,  however, t h e  

m a j o r i t y  o f  r e g r e s s i o n  r e s u l t s  s t i l l  e x h i b i t  Durbin Watson 

s t a t i s t i c s  less t h a t  t h e  '11.65t1 s a f e t y  margin. A s  such, many 

e s t i m a t e s  o f  IfR2" and " t 1 I  v a l u e s  i n  Tab les  X I V  and XV remain 

s u s p e c t  even a f t e r  the  Cochrane-Orcutt  procedure  was app l i ed .  

The r e s u l t s  o f  t e s t i n g  Equa t i on (33 ) ,  then,  would seem t r u l y  

i n c o n c l u s i v e .  On t h e  one hand, Mussa 's  model appea r s  t o  gene ra t e  

t h e o r e t i c a l l y  l o g i c a l  r e s u l t s  a s  evidenced i n  Tab les  X I 1  and 

X I I I .  Severe a u t o c o r r e l a t i o n  was no t ed  as a  p o t e n t i a l  problem, 

however. On the  o t h e r  hand, Mussat s theory ,  a t  l e a s t  a s  t e s t e d  I 
111 

here ,  gene ra t ed  n e a r  nonsense r e s u l t s  when t he  Cochrane-Orcutt  I 

t echn ique  was a p p l i e d .  Most d i s t u r b i n g ,  however, i s  t h e  d rop  i n  l~ 

'? b l u  va lues ,  from g r e a t e r  than  one, t o  n e a r  z e ro  ( and even 

below z e r o  i n  Table XV) .  The fftll s t a t i s t i c s  a l s o  undergo s eve re  

d rops  i n  va lue  - -  f a l l s  by a f a c t o r  o f  t e n  o r  more a r e  n o t  

uncommon i n  t h e s e  Tables .  

C l e a r l y  any d e c i s i o n s  r ega rd ing  t he  F i s h e r  E f f e c t  and 

r a t i o n a l  e x p e c t a t i o n s ,  based upon t h e  p r ev ious  t e s t s ,  would be 



most dangerous.  F o r t u n a t e l y ,  however, t h e  assumpt ions  o f  

r a t i o n a l  e x p e c t a t i o n s  l e a d  t o  a  v a r i a t i o n  on Mussa's model and 

a l l ow  a d d i t i o n a l  t e s t i n g  of  t h e  r e l a t i o n s h i p  be tween 

i n f l a t i o n a r y  e x p e c t a t i o n s  and Canadian bond r a t e s .  

11.5 An A l t e r n a t e  R a t i o n a l  E x p e c t a t i o n s  Model -- 

Mussat s model assumed a  d e c i s i o n  maker would c o n s i s t e n t l y  
A 

e x p e c t  f u t u r e  i n f l a t i o n  t o  correspond t o  an e s t i m a t e  o f  lt m t  - 
/'J 6 

y e t  - b t  l t .  In t h i s  s e c t i o n  we w i l l  expand ou r  assumption as t o  

r a t i o n a l i t y  somewhat, and o b t a i n  a  d i f f e r e n t  e s t i m a t e  o f  t h e  

nominal  bond r a t e  component llP*tll. A s  w i l l  be shown, t he  

s t a t i s t i c a l  r e s u l t s  gene ra t ed  by such an e s t i m a t o r  w i l l  appear  

c o n s i s t e n t  i n  many ways t o  the  f i n d i n g s  r e s u l t i n g  from the  

e s t i m a t e s  o f  Equation ( 1 2 )  i n  P a r t  I. 

The a d d i t i o n a l  assumption e x p l i c i t l y  made i n  t h i s  s e c t i o n  

o f  t h e  s t u d y  i s  t h a t  a  r a t i o n a l  d e c i s i o n  maker w i l l ,  ove r  t ime,  

i n c o r p o r a t e  i n t o  h i s  i n fo rma t ion  s e t  knowledge o f  p a s t  'I 
I 

p r e d i c t i o n  succe s se s  and f a i l u r e s .  If, f o r  example, a d e c i s i o n  ll 

maker knows wi th  a  95% p r o b a b i l i t y  t h a t  h i s  p a s t  e s t i m a t e s  o f  

i n f l a t i o n  when gene ra t ed  by a  s p e c i f i c  procedure ,  were 

c o n s i s t e n t l y  twice  as l a r g e  a s  t h a t  a c t u a l l y  observed,  i t  would 

seem s e n s i b l e  t o  assume t h a t  h i s  c u r r e n t  e s t i m a t e  o f  e x p e c t a t i o n  

o f  i n f l a t i o n ,  l1 P*t l '  would be a d j u s t e d  t o  accoun t  f o r  t h e  known 

b f a s  o f  p a s t  p r e d i c t i o n s .  



It would n o t  be d i f f i c u l t  t o  a s c e r t a i n  such  a  s u c c e s s  r a t e  

o v e r  p a s t  p r e d i c t i o n s  - -  indeed T a b l e s  V I I I  and I X  employed j u s t  

such a  t e s t  o f  t h e  e f f e c t i v e n e s s  o f  c e r t a i n  p r e d i c t o r s  i n  

e s t i m a t i n g  f u t u r e  i n f l a t i o n  r a t e s .  Over t i m e ,  t h e r e f o r e ,  we w i l l  

assume a  r a t i o n a l  person would use two k i n d s  o f  in fo rmat ion  when 

g e n e r a t i n g  v a r i a b l e  " P + t n .  F i r s t ,  he would i n c o r p o r a t e  knowledge 

as t o  the  behav io r  of  monetary and r e a l  growth a g g r e g a t e s  a t  

t ime "tl' a s  Mussa argued.  Secondly, however, he would temper any 

e s t i m a t e  a r r i v e d  a t  w i t h  knowledge o f  any c o n s i s t e n t  ( i . e .  

s t a t i s t i c a l l y  s i g n i f i c a n t )  d e v i a t i o n  i n  t h e  p r e d i c t i o n  

c o e f f i c i e n t ' s  v a l u e  from t h e  assumed v a l u e  o f  l lb=l" ,  from Table 

X I .  

The b e s t  e s t i m a t e  o f  i n f l a t i o n ,  i n c o r p o r a t i n g  knowledge o f  

p a s t  s u c c e s s  r a t e s  cou ld  be m a t h e m a t i c a l l y  r e p r e s e n t e d  i n  two 

s t e p s  below: 

where [ 1 = expec ted  e x c e s s  money 

c r e a t i o n  beyond r e a l  growth 

i n  p e r i o d  "t + 1" 



A 
C P I t  = ca lcu la ted  percent  change 

in C P I  which minimizes the 

sum of squared e r r o r  in  

O.L.S. regression.  

Equation (34)  generates  an es t imate  of i n f l a t i o n  i n  the 

manner hypothesized by  Mussa. Equation ( 3 5 )  tempers the var iable  

IfP*tn w i t h  a  f r a c t i o n  of some magnitude, "b211, determined v i a  an 

O.L. S. regression between a c t u a l  percentage changes i n  C. P. I. on 

the r i g h t  hand s ide ,  and the predic ted  i n f l a t i o n a r y  values on 

the l e f t  hand side.30 

This  I1rnodified1l est imate,  then, cons i s t en t  with a l l  

assumptions of r a t i o n a l i t y ,  could be t e s t e d  aga ins t  movements in  

Canadian nominal bond r a t e s :  

I 
'I 

Such a  procedure was ca r r i ed  out ,  and the r e s u l t s  l i s t e d  in  1 1  

Chart X I 1 1  of the Appendix. The same r e s u l t s  a r e  shown i n  Table 

X V I  a f t e r  the removal of f i r s t  order  au tocor re la t ion  v i a  the 

modified Hildre th-Lu procedure. 

W " 1 " " W . . " " " " " " " " " " "  

30 The "hatf1 values se lec ted  were taken fron an O.L.S. 
regress ion  a f t e r  modified v i a  H-L t o  remove f i r s t  order  
au tocorre la t ion .  



Once a g a i n ,  t h e  'lrhon va lue  s e l e c t e d  t o  remove 

a u t o c o r r e l a t i o n  proved troublesome.  The e s t i m a t e s  o f  t h e  

c o n s t a n t  r e a l  r a t e  o f  r e t u r n  a r e  g r e a t e r  than  would seem 

reasonab le ,  and s e v e r a l  "tl' s t a t i s t i c s  appear  as ".000", due t o  

t h e  s e l e c t i o n  o f  " rho  = l . O O f l  v a l u e s .  

The " c  " c o e f f i c i e n t s ,  however, f rom Table X V I  prove 

i n t e r e s t i n g .  Although i n s i g n i f i c a n t  when "rho1' i s  l e s s  than  

1.00, t h e y  f a l l  between v a l u e s  o f  l l O . O O 1 l  and "1.00" a s  would be 

e x p e c t e d  from c o e f f i c i e n t s  a s s o c i a t e d  w i t h  t h e  i n f l a t i o n a r y  

component o f  nominal  bond r a t e s .  I n  t h e  c a s e s  where 'I rho was 

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

w e l l ,  f a l l i n g  i n  an area. between ".2001' and "1. 00", and showing 

s i g n i f i c a n t  "t" va lues .  31 The v a r i a b i l i t y  a s s o c i a t e d  w i t h  O.L. S. 

and d i f f e r e n c e d  r e s u l t s  th roughou t  t h e  s t u d y  s e r v e s  as a 

c a u t i o n ,  however, a s  t o  the  v a l i d i t y  o f  assuming t h e  t r u e  

c o e f f i c i e n t  l t c v  i s  a c c u r a t e l y  r e p r e s e n t e d  by e s t i m a t e s  i n  Table  

X V I .  A s  may be seen  between Char t  X I 1 1  and t h e  c u r r e n t  Table ,  
I 

t h e  magnitude and s i g n i f i c a n c e  o f  l' c " terms, once a g a i n  1111 
1111 

depends d r a m a t i c a l l y  upon whether  a  p r o c e s s  t o  remove ' 1 1  

a u t o c o r r e l a t i o n  h a s  been a p p l i e d  o r  n o t .  

...,..----..---------- 
3 l  While t h e  l V t "  s t a t i s t i c s  proved u n r e l i a b l e  th roughou t  much o f  
Table  X V I ,  t h e  s e l e c t i o n  o f  a rho = 1.00 l1 v a l u e  shou ld  n o t  
cause  bias i n  c o e f f i c i e n t  e s t i m a t i o n  ( assuming, o f  course ,  t h a t  
t h e  e r r o r  s t r u c t u r e  may be approximated by a f i r s t  o r d e r  
a u t o r e g r e s s i v e  e s t i m a t e .  ) 



Tab le  X V I  

1. Day 3 0 t  a1 = 6.30 ( 5 . 0 5 )  a 2  = 6.55 ( 4 . 4 9 )  
b l  = .083 ( . 469)  b2 = .I11 ( . 5 8 1 )  
R2 = .946 R2 = .947 
D.W. = 1.72 D.W. = 1.70 
P = a977 P = - 9 8 1  

2. Day 9Ot a1 = 5.97 (4 .08 )  a 2  = 6.80 ( . 0 0 0 )  
b l  = . I 0 7  ( . 7 3 1 )  b2 = . I 6 8  (1 .08 )  
R2 = ,944  R2 = .942 
D.W.= 1 .57 D.W. = 1 .53  
P = .984 P = 1.000 * 

3. Mon 3 t  

4. Mon 6 t  

5. Year I t  

a1 = 5.13 ( . 0 0 0 )  a2  = 5.75 ( . O O O )  
b l  = -. 0005 ( .000)  b2 = .050 c.425) 
R2 = .956 R2 = .954 
D.W. = 1.28  D.W. = 1.24 
P = 1 . 0 0 0  * P = 1.000 * 

a1 = 6.17 (4 .17)  a2 = 7.91 ( . 0 0 0 )  
b l  = . I 4 8  ( 1 . 1 3 )  b2 = . I 9 7  (2 .37 )  11, 
R2 = .957 R2 = .952 U 

li 
D.W. = 1.46 D.W. = 1.40 
P = .986 P = 1 . 0 0 0  * 

a1 = 5.11 ( . 0 0 0 )  a 2  = 6.13 ( . 0 0 0 )  
a2  = .260 ( 2 . 5 2 )  b2 = .267 (2 .37 )  
R2 = .948 R2 = .941 
D.W. = 1.34 D.W. = 1.26 
P = 1.000 * P = 1 . 0 0 0  * 

( T a b l e  X V I  c o n ' t  n e x t  page) 



Table XVI (con'  t )  

6. Year 3 t  a 1  = 5.57 ( .000) 
b l  = .222 (2.49) 
R 2  = .957 
D.W. = 1 . 4 1  
P = 1 .000  * 

11.6. - A Ra t iona l  Expec ta t ions  Approach - t o  

Expla in ing  H i s t o r i c a l  Success - of Adaptive 

Expec ta t ions  

A s  a  f i n a l  exce rc i se  involv ing  r a t i o n a l  expec t a t i ons  and 

nominal r a t e s  o f  i n t e r e s t ,  an exp lana t ion  w i l l  be put  forward as 

t o  the  h i s t o r i c  success  of  the  adap t ive  e x p e c t a t i o n s  approach i n  

gene ra t ing  i n f l a t i o n a r y  e x p e c t a t i o n s  prox ies .  A s  w i l l  be shown, k 

I!l 
t he  i n f l a t i o n  r a t e  has h i s t o r i c a l l y  behaved i n  a manner such 11  

t h a t  the  r a t i o n a l  e x p e c t a t i o n s  and adapt ive  e x p e c t a t i o n s  

approaches become i n d i s t i n g u i s h a b l e  s t a t i s t i c a l l y  -- and as 

such, a  r a t i o n a l  person, u s ing  c u r r e n t  informat ion,  could be 

expected,  over  l a r g e  samples, t o  a r r i v e  a t  a very s i m i l a r  

expected i n f l a t i o n  r a t e  i n  per iod l 1  t t 1 t o  someone us ing  a 

weighted average of  p a s t  r a t e s  o f  i n f l a t i o n .  



To see why such might be the case,  l e t  us a s s m e  t h a t  a 

r a t i o n a l  decis ion maker e x i s t s ,  and understands the general  

nature of the r e l a t i o n s h i p  between f u t u r e  monetary and r e a l  

growth, and i n f l a t i o n  i n  period l l t + l l l .  Assume, however, t h a t  the 

da ta  on monetary and r e a l  growth i s  n o t  cur rent ,  trustworthy o r  

r egu la r ly  a v a i l a b l e  t o  the dec is ion  maker. Ins tead ,  assume he 

has access  only t o  the outcome of p a s t  monetary dec is ions  and 

r e a l  growth - -  pas t  and present  r a t e s  of i n f l a t i o n .  

Since an autoregress ive  component i s  thought t o  e x i s t  in  a t  

l e a s t  one major determinant of i n f l a t i o n  - -  s p e c i f i c a l l y  the 

money supply process, t o  follow Mussals reasoning - -  i t  might be 

sens ib le  t o  subjec t  the i n f l a t i o n  r a t e  i t s e l f  t o  a n a l y s i s  f o r  an 

autoregressive s t r u c t u r e .  In e f f e c t ,  any autoregress ive  f e a t u r e s  

of the i n f l a t i o n  r a t e  should be nothing more than a  l1shadowl1 of 

the autoregress ive  s t r u c t u r e  believed t o  e x i s t  with respect  t o  

the process of excess  money c rea t ion .  A r a t i o n a l  decis ion maker, 

therefore ,  could make fu tu re  p red ic t ions  based upon observed 

outcomes ( i . e .  i n f l a t i o n  r a t e s ) ,  without ever  being aware of the : 

ill1 

s t r u c t u r e  of the process ( o r ,  i n  f a c t ,  even the process i t s e l f )  ; I  

giving r i s e  t o  t h a t  outcome ( i . e .  excess  money c r e a t i o n ) .  

Such a n a l ~ r s i s  of  p a s t  Canadian i n f l a t i o n  r a t e s  was 

undertaken, and the r e s u l t s  l i s t e d  in  Table X V I I .  As before,  the 

d a t a  was broken i n t o  pre- and pos t -  1970(6) subperiods, s ince a  

r a t i o n a l  decis ion maker would be assumed t o  r e a l i z e  t h a t  a  

s i g n i f i c a n t  change i n  monetary a c t i v i t y  (again ,  due t o  the 



d e c i s i o n  t o  r e l e a s e  t h e  "peggedff Canadian d o l l a r )  cou ld  have a  

n o t i c e a b l e  impact  upon i n f l a t i o n .  A s  w e l l ,  a  s i n g l e  run f o r  t h e  

p e r i o d  1955-1978 was made and i s  shown as e q u a t i o n  ( I ) ,  Table  

X V I I .  

Perhaps  t h e  most s i g n i f i c a n t  r e s u l t  from Table  X V I I  i s  t h e  

b e h a v i o r  o f  t h e  Chi-Squared s t a t i s t i c  between t h e  1955-1978 run 

and t h e  1955-1970(5)  and 1970(6)-1978 runs .  Equat ion  ( 3 )  

c a p t u r e s  a l l  s i g n i f i c a n t  a u t o c o r r e l a t i o n ,  even t o  a  l a g  o f  36 

p e r i o d s .  Equat ion  ( 2 )  i s  n o t  q u i t e  as s u c c e s s f u l  i n  c a p t u r i n g  

a u t o c o r r e l a t i o n ,  b u t  t h e  Chi-Squared s t a t i s t i c  f o r  a  12 month 

l a g  i s  n o t  dangerous ly  beyond t h e  s a f e t y  margin.  C e r t a i n l y  by 

comparison t o  e q u a t i o n  (l), a break  a t  June 1, 1970 a l l o w s  e a c h  

s u b - s e r i e s  t o  g r e a t l y  improve upon t h e  e x p l a n a t i o n  o f  t h e  

a u t o c o r r e l a t i o n  s t r u c t u r e .  A s  a  r e s u l t  o f  t h i s  improvement, t h e  

e q u a t i o n s  ( 2 )  and ( 3 )  become o f  prime i n t e r e s t  wi th  r e s p e c t  t o  

i n f l a t i o n .  I n t e r e s t i n g l y ,  t h e  s i g n  o f  t h e  moving average  

c o e f f i c i e n t  changes from n e g a t i v e ,  a s  t h e o r y  would p r e d i c t ,  i n  

e q u a t i o n  ( I ) ,  t o  p o s i t i v e  i n  e q u a t i o n s  ( 2 )  and ( 3 ) .  
Ill 

For  s i m p l i c i t y  w e  w i l l  employ e q u a t i o n  ( 3 ) ,  Table  X V I I ,  III 

(whose c o n s t a n t  term i s  i n s i g n i f i c a n t ,  and w i l l  be i g n o r e d ) ,  t o  

i l l u s t r a t e  why t h e  Adaptive E x p e c t a t i o n s  h y p o t h e s i s  e x p l a i n s  

i n f l a t i o n a r y  b e h a v i o r  w e l l ,  b u t  e q u a t i o n s  (1) o r  ( 2 )  could  a l s o  

have been used.  For  t h e  p r e s e n t ,  we w i l l  a l s o  d e f i n e  X t  = ( P t  - 
P t - 1 ) ;  X t  e q u a l s  t h e  f i r s t  d i f f e r e n c e  o f  p e r c e n t a g e  growth i n  

i n f l a t i o n .  Employing t h e s e  s i m p l i f i c a t i o n s ,  e q u a t i o n  ( 3 )  from 



Table  X V I I  

A u t o r e g r e s s i v e  S t r u c t u r e  o f  t h e  Consumer P r i c e  Index 

Ch i  squared  ( 1 2 )  = 182.7 (10 d. o f  f . )  
Chi squared  ( 2 4 )  = 304.8 ( 2 2  d. o f  f . )  

Chi  squared  ( 1 2 )  = 33.4 
Chi squared  ( 2 4 )  = 51.7 

Chi squared  ( 1 2 )  = 11.9 
Chi  squared  ( 2 4 )  = 17.6 

where % C P I t  = p e r c e n t  change i n  CPI  from p e r i o d  ' I t - 1 "  

t o  p e r i o d  'ltN 
and r e j e c t i o n  bounds f o r  h y p o t h e s i s  t h a t  s i g n i f i c a n t  

a u t o c o r r e l a t i o n  remains  a r e  : 
Chi squared  = 33.9 ( 2 2  d. o f  f . )  



Table  X V I I  may be w r i t t e n :  

o r :  

S i n c e  we have s t a t i s t i c a l l y  e s t i m a t e d  a  s t a b l e  s t r u c t u r a l  

e q u a t i o n  such a s  ( 3 8 )  above, we can backda te  b o t h  s i d e s  o f  t h e  

e q u a t i o n  t o  s o l v e  f o r  !let-111: 

S u b s t i t u t i n g  e q u a t i o n  ( 3 9 )  i n t o  ( 3 7 ) :  

I 

Repeated backda t ing  a l l o w s  s u b s t i t u t i o n s  f o r  ' let-i l l  (i = II 

1 , 2 ,  n ,  where t h e  i n f l u e n c e  o f  t h e  lln+l th l l  term i s  

a r b i t r a r i l y  s e t  e q u a l  t o  ze ro .  The r e s u l t i n g  e q u a t i o n  d e r i v e d  

under r a t i o n a l  e x p e c t a i o n s  assumpt ions ,  t h e r e f o r e ,  a p p e a r s :  



Equa t ion  ( 4 1  ) s t a t e s  t h a t  r a t i o n a l  e x p e c t a t i o n s  assumpt ions  

lead t o  a  f o r e c a s t  as o f  p e r i o d  "tV based on a  d e c l i n i n g  

weighted combinat ion o f  p a s t  v a l u e s  o f  i n f l a t i o n a r y  i n c r e a s e s  

o v e r  some p a s t  t ime h o r i z o n  "nu p e r i o d s  i n t o  t h e  p a s t .  When " X t l l  

a r e  r e - s u b s t i t u t e d  f o r  i n  te rms o f  " P t " ,  Equa t ion  ( 4 1 )  becomes: 

Due t o  t h e  n a t u r e  o f  t h e  a u t o r e g r e s s i v e  s t r u c t u r e  of 

i n f l a t i o n ,  t h e r e f o r e ,  -- t e c h n i c a l l y  known as "one term moving I 

a v e r a g e n  - -  t h e  a d a p t i v e  e x p e c t a t i o n s  h y p o t h e s i s  embodies t h e  

e s s e n t i a l  c h a r a c t e r i s t i c s  o f  a r a t i o n a l  e x p e c t a t i o n s  f o r e c a s t .  

Although t h e  hypo theses  a r e  d r a m a t i c a l l y  d i f f e r e n t ,  t h e  b e s t  

i n f l a t i o n a r y  g u e s s  a s  t o  p e r i o d  " t + l w ,  whether  beg inn ing  from an 

a d a p t i v e  e x p e c t a t i o n s  framework, o r  t h e  assumpt ions  u n d e r l y i n g  

r a  t'ion a 1  e x p e c t a t i o n s ,  a p p e a r  grounded upon i d e n t i c a l  



procedures .  It shou ld  n o t  be s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  

p u b l i s h e d  s t u d i e s  i n  t h e  p a s t  have o b t a i n e d  good s t a t i s t i c a l  

p r e d i c t i o n s  o f  i n f l a t i o n  based upon a d a p t i v e  e x p e c t a t i o n s  

t e c h n i q u e s  - -  i n  f a c t  t h e  approach cou ld  f i t  e q u a l l y  w e l l  under  

the  heading o f  r a t i o n a l  e x p e c t a t i o n s .  

S ince  t h e  we igh t ing  p a t t e r n  emerging from e q u a t i o n  ( 4 2 )  

d i f f e r e d  from t h a t  used under t h e  Almon Lag p rocedure  i n  P a r t  I, 

one would e x p e c t  a d i f f e r e n t  v a l u e  o f  11P*19 t o  be g e n e r a t e d  than  

was t h e  c a s e  e a r l i e r  i n  the  s tudy .  A s  such,  e q u a t i o n  ( 1 2 ) ,  

( s e c t i o n  I. 2 ) ,  reproduced below: 

( 4 3 )  R N t  = a  + cP*t  

was t e s t e d  f o r  t h e  newly c r e a t e d  v a r i a b l e  l1P*tl1. 

R e s u l t s  o f  t h i s  t e s t  a r e  l i s t e d  in  Char t  X I V  and,  a f t e r  

removal o f  f i r s t  o r d e r  a u t o c o r r e l a t i o n ,  i n  Table  X V I I I .  It i s  

i n t e r e s t i n g  t o  n o t e  the  s imilar i t ies  i n  b o t h  e s t i m a t e d  c o n s t a n t  

and c o e f f i c i e n t  t e rms  between C h a r t s  X I V  and X ,  and Tab les  X V I I I  

and 111, where v a r i a b l e s  P * t  were c r e a t e d  from d i f f e r e n t  

we igh t ing  c o e f f i c i e n t s  b e i n g  a p p l i e d  t o  t h e  same l agged  p r i c e  

l e v e l  changes. 

Perhaps  t h e  o n l y  i m p o r t a n t  d i f f e r e n c e  between Tab les  X V I I I  

and I11 i s  t h e  o b s e r v a t i o n  t h a t  i n  t h e  l a t t e r  case ,  t h e  



T a b l e  XVIII 

CORC:  R N t  = a + b(CP1HATt) + e t  
1 9 5 5  -1978 

( where CPIHAT were t a k e n  from 1 9 5 5  - 1 9 7 0 ,  
1970-1978 r u n s  ) 

(1) Day 3 0 t  = 5.77 + 2 . 0 1  CPIHATt + e t  
( 5 . 0 3 )  ( 2 . 0 5 )  

R2 = . 9 5  Rho = . 970  D.W. = 1 . 7 6  

( 2 )  Day 9Ot = 5.96 + 2 . 1 3  CPIHATt + e t  
( 6 . 1 5 )  ( 2 . 4 0 )  

R 2  = . 9 5  Rho = - 9 7 1  D.W. = 1 . 6 6  

( 3 )  Mon 3 t  = 6.09 + 1 . 4 1  CPIHATt + e t  
( 5 . 1 1  ( 2 . 0 2 )  

R2 = . 9 7  Rho = . 3 8 5  D.W. = L O  37 

( 4 )  M o n 6 t  = 6.14 + 1 . 5 8 C P I H A T t  + e t  
( 3 . 7 8 )  ( 2 . 0 5 )  

R2 = . 9 6  Rho = . 9 8 7  D.W. = 1 . 4 7  

( 5 )  Year I t  = 5 .45  + 2 .59  CPIHATt + e t  
( 7 . 8 2  ( 4 . 7 1 )  

R2 = . 9 7  Rho = - 9 7 4  D.W. = 1 . 3 8  

( 6 )  Year 3 t  = 5 .91  + 2 . 0 4 C P I H A T t  + e t  
( 9 . 0 3  ( 3 . 7 1 )  

R2 = . 9 7  Rho = . 9 7 7  D.W. = 1 . 4 4  



c o e f f i c i e n t  a s s o c i a t e d  wi th  l lP+f t  i s  i n  no case  s i g n i f i c a n t l y  

d i f f e r e n t  from a value of l l l . O O O 1 s  a t  95% p r o b a b i l i t y  l e v e l s .  One 

of Table X V I I I 1 s  c o e f f i c i e n t s ,  on the  o t h e r  hand - -  t h a t  

a s s o c i a t e d  wi th  the  1-3 yea r  average bond r a t e  (equa t ion  5 )  --  
proves s t a t i s t i c a l l y  d i f f e r e n t  from "1. O O O l l .  

A s  was the  case  i n  P a r t  I, ( s e c t i o n  I . ,  a  s t r o n g  

susp ic ion  l i n g e r s  t h a t ,  even though i t  i s  s t a t i s t i c a l l y  poss ib l e  

t h a t  the  t r u e  value of  f i v e  of  the  c o e f f i c i e n t s  es t imated  i n  

Table X V I I I  e q u a l s  l l l . O O O 1 l ,  and sampling e r r o r  accounts  f o r  the  

l1bl1 g r e a t e r  than one recordings ,  t he  c o n s i s t e n t  appearance of 

v a l u e s  g r e a t e r  than "1. 00011 sugges t s  t h a t  the  s t r u c t u r e  of  

equa t ion  ( 4 3 )  --  o r  equa t ion  (12 )  i n  Part I - -  over ly  r e s t r i c t s  

t he  behavior  o f  v a r i a b l e  l1P+tl1.  

11.7 Summary --- of P a r t  I1 

T e s t s  of the  F i s h e r  E f f e c t  and Canadian nominal bond r a t e s  

were c a r r i e d  o u t  i n  Part I1 under the  assumption t h a t  Ra t iona l  

Expec ta t ions  p o s t u l a t e s  were i n  e f f e c t  du r ing  the  per iod  

1955 -1978. S p e c i f i c a l l y ,  bond ho lde r s  were assumed i n  t h i s  p a r t  

t o  unders tand the  process  of  i n f l a t i o n ,  and have acces s  t o  d a t a  

n e c e s s a r y  f o r  the  gene ra t ion  of  i n f l a t i o n a r y  p r e d i c t i o n s .  The 

d a t a  were a l s o  assumed inexpensive and a c c u r a t e  enough t h a t  the  

b e n e f i t  o f  improved i n f l a t i o n a r y  p r e d i c t i v e  power equa l l ed  the  

c o s t  o f  d a t a  c o l l e c t i o n  and i n t e r p r e t a t i o n  a t  the  margin. 



The Mussa model f o r  generat ing "P*tV1 ( ~ t  [ P t + l  - P t l ) ,  was 

presented,  and assumptions made a s  t o  the t h e o r e t i c a l  s t r u c t u r e  

underlying monetary c rea t ion  and r e a l  components of i n f l a t i o n .  

Two s e r i e s  of  monetary aggregates,  M 1  and M3, were analyzed 

using the  Box-Jenkins procedure, leading  t o  a  s t a t i s t i c a l  

e s t ima te  of the  autoregress ive  components of each s e r i e s .  Three 

i n d i c e s  f o r  r e a l  growth - -  G.N.E . ,  I. I . P . ,  and R.D.P.,  base year 

1961 --  were s i m i l a r l y  analyzed using the Box-Jenkins technique, 

and each was found t o  embody a s t a b l e  au toregress ive  s t r u c t u r e  

over time. 

The s e l e c t i o n  of the most e f f i c i e n t  monetary and r e a l  

growth information,  (which a  r a t i o n a l  decis ion maker would wish 

t o  use when es t ima t ing  fu tu re  i n f l a t i o n ) ,  was decided upon using 

the h i s t o r i c a l  success r a t e  of each p red ic to r  a s  of period litn, 

and the a c t u a l  r a t e s  of i n f l a t i o n  observed i n  period l l t + l f l .  

O.L.S. r eg ress ion  showed t h a t  the expected value a t  litn of M 1  

and M3 minus one- th i rd  the constant  expected q u a r t e r l y  growth 

r a t e  i n  G.N.E . ,  y ie lded the bes t  s t a t i s t i c a l  f i t  f o r  i n f l a t i o n  

during period " t + l l 1 .  Nominal bond r a t e s  were therefore  t e s t e d  

a g a i n s t  " E t  [ M l t + l  - G.N.E . t+ l  1 l 1  and l1 E t  [ M3t+l - 
G.N.E.  t+l I n  a s  r i g h t  hand s ide  va r i ab les ,  again assuming the 

r e a l  r a t e  of i n t e r e s t  t o  be constant  over the period 1955-1978. 

Separate  regress ions  were run assuming d i f f e r e n t  values of 

11 v~ , t he  p a r t i a l  income e l a s t i c i t y  w i t h  respect  t o  i n t e r e s t .  End 

po in t s  o f  llv = 0 "  and "v = 2 "  were chosen, and a run of "v = 1" 

1 0 6  



r e p o r t e d ,  a l t h o u t h  t h e  t r u e  v a l u e  o f  "vV was deemed ve ry  c l o s e  

to zero .  

The e f f e c t i v e n e s s  o f  t h e s e  I1P*" measures was d i f f i c u l t  t o  

a s c e r t a i n  due t o  a u t o c o r r e l a t i o n  removal problems. From 0. L. S. 

r e g r e s s i o n ,  t h e  c o e f f i c i e n t s  a s s o c i a t e d  w i t h  l1P*t" were 

g e n e r a l l y  s i g n i f i c a n t l y  d i f f e r e n t  from "1. 00011, b u t  t h e  "t" 

s t a t i s t i c s  s u p p o r t i n g  t h a t  c o n c l u s i o n  were b e l i e v e d  b i a s e d  

upwards due t o  a u t o c o r r e l a t i o n ,  When t h e  H-L o r  C-0 t e c n i q u e s  

were used t o  remove f i r s t  o r d e r  a u t o c o r r e l a t i o n ,  however, 

c o e f f i c i e n t  v a l u e s  dropped d r a m a t i c a l l y ,  and i n  t h e  " E t  [ M3t t l  

- G. N.E. ttl 1" case ,  changed s i g n ,  becoming n e g a t i v e .  The 

problem was due t o  a I1rhol1 va lue  be ing  s e l e c t e d  ve ry  n e a r  one i n  

e a c h  c a s e .  

Due t o  t h e  i n c o n c l u s i v e n e s s  o f  t e s t i n g  t h e  Mussa model as 

p r e s e n t e d ,  t h e  working d e f i n i t i o n  o f  r a t i o n a l i t y  was expanded, 

and knowledge o f  p a s t  s u c c e s s e s  i n  p r e d i c t i n g  i n f l a t i o n  was 

assumed i n c o r p o r a t e d  i n t o  the  i n f o r m a t i o n  s e t  as o f  t ime ' l t l 1 .  

The e x p e c t e d  v a l u e s  a r i s i n g  from Mussa l s  model were weighted,  
A 

then ,  by a  c o e f f i c i e n t  'lz" , producing a  p r e d i c t i o n  term "CPI1l 
A A 

e q u a l  t o  11b2 * E t  [ M - Y ] l l .  

T h i s  new p r e d i c t o r  f o r  i n f l a t i o n  was r e g r e s s e d  a g a i n s t  

nominal  bond r a t e s  and t h e  e s t i m a t e s  o f  c o n s t a n t  and l1P*t1I 

c o e f f i c i e n t s  ana lyzed .  It was n o t e d  t h a t  t h o s e  e s t i m a t e s  

corresponded c l o s e l y  w i t h  e s t i m a t e s  o b t a i n e d  i n  P a r t  I o f  t h e  

s tudy .  Removal of a u t o c o r r e l a t i o n  a g a i n  proved troublesome - -  



"rho1' v a l u e s  were s e t  c l o s e  o r  e q u a l  t o  one - -  and as a  r e s u l t  

the  c o n s t a n t  term r o s e  t o  unaccep tab ly  l a r g e  e s t i m a t e s  (on 

t h e o r e t i c a l  grounds)  of  t h e  r e a l  r a t e s  o f  r e t u r n .  The "b" 

c o e f f i c i e n t s  tended t o  f a l l  between "0.000" and "1.000" a s  would 

be e x p e c t e d  But t h e  magni tudes  o f  t h e  c o e f f i c i e n t s  were much 

lower  i n  v a l u e  than found i n  e a r l i e r  p a r t s  o f  t h e  s t u d y ,  and 

o f t e n  proved s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

A s  a f i n a l  t e s t  o f  t h e  r a t i o n a l  e x p e c t a t i o n s  theory ,  an 

assumption was made t h a t  a  r a t i o n a l  d e c i s i o n  maker would chose 

t o  examine observed i n f l a t i o n  r a t e s ,  due t o  u n c e r t a i n t y  a b o u t  

t h e  p r o c e s s e s  u n d e r l y i n g  t h e  c r e a t i o n  o f  money and/or  r e a l  

growth. It was p o s t u l a t e d  t h a t  any a u t o r e g r e s s i v e  moving average  

component o f  i n f l a t i o n  would mere ly  f o l l o w  from the  e f f e c t  o f  

e a r l i e r ,  a u t o r e g r e s s i v e  movements i n  t h e  money c r e a t i o n  p rocess .  

A s t a b l e  moving average  s t r u c u t r e  was e s t i m a t e d  f o r  p a s t  r a t e s  

o f  i n f l a t i o n  v i a  Box-Jenkins.  

It was shown t h a t  th rough  s u b s t i t u t i o n ,  t h e  r a t i o n a l  

e x p e c t a t i o n s  model could  be s e t  i n  te rms o f  an a d a p t i v e  

e x p e c t a t i o n s  framework, which s u g g e s t e d  a  s o l u t i o n  t o  t h e  

q u e s t i o n  o f  why e a r l i e r  a d a p t i v e  e x p e c t a t i o n s  models p r e d i c t e d  

i n f l a t i o n  w e l l .  The new " P * t U  v a r i a b l e  g e n e r a t e d  v i a  t h e  

a u t o r e g r e s s i v e  s t r u c t u r e  - - d i f f e r e n t  from "P*tl '  de termined 

e a r l i e r  due t o  a s l i g h t l y  d i f f e r e n t  w e i g h t i n g  scheme - -  was 

r e g r e s s e d  upon nominal  bond r a t e s .  After removal of 

a u t o c o r r e l a t i o n ,  t h e  "cl' c o e f f i c i e n t s  were found t o  be n o t  



s i g n i f i c a n t l y  d i f f e r e n t  from one in  f i v e  of s i x  cases,  but 

g r e a t e r  than one i n  magnitude in  a l l  cases,  a s  was t rue  of the 

l1P%t1l c o e f f i c i e n t  es t imated when adapt ive expecta t ions  

assumptions were employed. A s  was the case e a r l i e r  i n  Par t  I, 

doubt was ra i sed  a s  t o  the l ike l ihood  of bond holders  

c o n s i s t e n t l y  being compensated f o r  more i n f l a t i o n a r y  l o s s e s  than 

they would expect o r  demand - -  the conclusion following from l'c 

g r e a t e r  than 1.00" f indings .  

As w i l l  be argued in  the Conclusions sec t ion  which follows, 

however, the cons i s t en t  overestimation of " P * t l ?  c o e f f i c i e n t s  i s  

qu i t e  compatible with theory, but e x p l i c i t  account must f i r s t  be 

taken of a  b i a s  a s  ye t  n o t  compensated f o r  in  t h i s  paper. 



E. Conclusions 

Throughout the paper, e s t ima tes  of the two nominal bond 

r a t e  components, R R t  ( t h e  r e a l  r a t e  of r e t u r n )  and P*t ( t h e  

compensation f o r  the expected r a t e  of i n f l a t i o n )  were sought. 

Since the r e a l  r a t e  was assumed constant ,  the major emphasis of 

the study concerned generat ing a l t e r n a t e  values of P a t ,  and 

es t imat ing  equat ions of the form: 

( 4 4 )  R N t  = a + b P * t  

Estimates of the r e a l  r a t e  of r e tu rn  var ied  but when 

excluding r e s u l t s  found a f t e r  the H-L o r  C - 0  modification was 

appl ied and "rho" values were chosen very c lose  t o  "1.00" - -  
since the cons tant  term ceases t o  correspond t o  an est imate of 

the r e a l  r a t e  of i n t e r e s t  under such a s i t u a t i o n  - - t h e  

magnitudes of the var ious terms centered in  an a rea  between 

"3.00" and "4.00" percent annually. For example, e i g h t  such 

terms a re  l i s t e d  in  Table X I X ,  s e l ec ted  from Tables and Charts 

throughout the study. With the exception of Columns ( 3 )  and ( 4 ) ,  

represent ing  the e s t ima tes  drawn from running the Mussa model's 

" E t  [ P  t+l - P t ] "  a s  " P + t V ,  the variance of generated r e a l  r a t e s  

f o r  a given bond i s  n o t  l a rge .  



Tab le  XIX 

Summary o f  "a1' E s t i m a t e s  

TABLE I1 IV XI1 XI11 CHART XI11 XIV 
IX 

1. Day 30 3.41 3.58 5.59 5.09 3.32 3.59 3.29 

The magnitude o f  t h e s e  r e a l  r a t e  e s t i m a t e s  a p p e a r s  

u n u s u a l l y  h igh ,  however. In p a s t  t i m e s  o f  z e r o  expec ted  

i n f l a t i o n ,  ( a n d  hence nominal  r a t e s  e q u a l l i n g  r e a l  " r a t e s  o f  

r e t u r n ) ,  t h e  market  d i d  n o t  g e n e r a t e  i n t e r e s t  r a t e s  above t h r e e  

p e r c e n t  f o r  bonds o f  similar r i s k  o r  m a t u r i t i e s  t o  t h o s e  shown. 

In f a c t ,  t h e  nominal  r a t e s  were g e n e r a l l y  found i n  t h e  

neighborhood o f  between two and t h r e e  p e r c e n t  a n n u a l l y .  



The e s t i m a t e d  va lue  of t he  "b" c o e f f i c i e n t  i n  Equation ( 4 4 )  

a l s o  appeared upward b iased  from t h i s  s tudy.  Some very  l a r g e  

e s t i m a t e s  o f  t h e  Pit c o e f f i c i e n t  from 0.L.S. r e g r e s s i o n s  can be 

d i s r ega rded ,  however, a s  almost  c e r t a i n l y  be ing  b iased ,  due t o  

a u t o c o r r e l a t i o n  i n  the  smal l  sample case .  ( f o r  example s ee  

Cha r t s  X ad  X I V ,  where c a l c u l a t e d  "btt te rms exceed "6.00" w i t h  

g r e a t  r e g u l a r i t y .  ) 

Some e s t i m a t e s  of the  "bn  c o e f f i c i e n t  were a l s o  found, 

which, a f t e r  the  H-L o r  C - 0  m o d i f i c a t i o n s  were a p p l i e d  seem 

unusua l l y  low and proved s t a t i s t i c a l l y  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from ze ro  ( i . e .  Tab les  X I V ,  XV, and X V I )  and a s  such 

would n o t  seem r e p r e s e n t a t i v e  of t h e  o v e r a l l  s tudy.  However, 

a r i s i n g  from bo th  t he  a d a p t i v e  e x p e c t a t i o n s ,  and modif ied  Mussa 

model approaches,  s e v e r a l  " b U  e s t i m a t e s  were gene ra t ed  wi th  very  

s i m i l a r  magnitudes proving s i g n i f i c a n t l y  d i f f e r e n t  than z e r o  

wi th  95% p r o b a b i l i t y .  Some of t h e s e  v a l u e s  a r e  shown i n  Table 

XX, aga in  compiled from Tab les  and Cha r t s  throughout  t h e  s tudy.  

A s  was a l l u d e d  t o  i n  t he  Summary s e c t i o n s  o f  P a r t s  I and 

11, "b > 1" v a l u e s  a r e  t h e o r e t i c a l l y  most u n l i k e l y  over  a  pe r i od  

as l o n g  as twenty t h r e e  yea r s .  Coupled w i t h  t he  obse rva t i on  t h a t  

r e a l  r a t e  e s t i m a t e s  appear  unusua l l y  h i g h  as we l l ,  t h e  most 

l o g i c a l  conc lus ion  would seem t o  be  t h a t  some c r i t i c a l  b i a s  

f a c t o r  has  n o t  been t aken  account  o f  s a t i s f a c t o r a l l y  i n  any of' 

t h e  r e g r e s s i o n  e q u a t i o n s  o u t l i n e d .  



Table  XX 

Summary o f  libw E s t i m a t e s  

TABLE I11 X I 1  X I 1 1  X V I I I  XIIa 

1. Day 3 0 t  1.984 - 9 7 1  1.82 2.01 1.77 

2. Day g o t  1.636 1.08 1 . 8 1  2.13 1 - 9 3  

3. Mon 3 t  -966 1.02 1.58 1 .41  1.81 

4. Mon 6 t  1.622 .783 1.27 1 .58  1.40 

5. Year I t  

6. Year 3 t  1.331 1.010 1 .75  2.04 1.84 

One such f a c t o r  exc luded  from t h i s  s t u d y  was t h e  e f f e c t  o f  

t a x a t i o n  upon t h e  behav io r  o f  nominal  bond r a t e s .  A s  work b y  

Michael  arb^^^ has sugges ted ,  such  an e f f e c t  w i l l  l e a d  t o  the 

o v e r  e s t i m a t i o n  o f  t h e  t r u e  v a l u e s  o f  " R R t I 1  and t h e  t r u e  "b" 

c o e f f i c i e n t  we sha l l  d e s i g n a t e  a s  "B". A s  w i l l  be shown, when 

a c c o u n t  i s  e x p l i c i t l y  t aken  o f  t a x a t i o n  e f f e c t s ,  "a1' v a l u e s  f a l l  

32 Darby, Michael  R. The F i n a n c i a l  and Tax E f f e c t s  of  Monetar - 
P o l i c y  on I n t e r e s t  Ra tes ,  Economic h q u i r y , ~ u n e 5 T .  d 



we11 within the expected neighborhood (annual r a t e s  of about 

2 . 5 % )  and llB1l c o e f f i c i e n t s  f a l l  i n  magnitude very near  a  value 

of  one. 

Since taxa t ion  i s  appl ied t o  nominal r e t u r n s  from bond 

holding, both the r e a l  r a t e  of r e tu rn  and the compensation f o r  

expected i n f l a t i o n  a r e  a f fec ted .  The re tu rn  a  bond holder 

receives,  then, can be shown a s :  

(45)  R N t  (1 - T )  = R R t  + P*t 

o r :  (46)  R N t  = (1 / 1 - T )  R R t  + 

where T = marginal tax  r a t e .  

When es t imat ing  the c o e f f i c i e n t s  "an and !lb1? in t h i s  study, 

no account was taken of the f a c t  t h a t  l o g i c a l l y  ltall and "bll 

should represent  the following r e l a t i o n s h i p s  : 

or :  R R t  = a  ( 1 - T )  

o r :  



where B = t r u e  c o e f f i c i e n t  a s s o c i a t e d  w i t h  P * t  

What i s  b e i n g  sugges ted ,  then ,  i s  t h a t  bond h o l d e r s  a r e  

aware of t a x a t i o n ,  and f u r t h e r ,  t h a t  b e f o r e  u n d e r t a k i n g  c u r r e n t  

inves tment  t h e y  demand compensation f o r  s a i d  l o s s e s  o f  income 

v i a  t a x a t i o n .  If t h e  r e a l  r a t e  component i s  e s t a b l i s h e d  where 

t h e  market  c l e a r s  ( i - e .  supp ly  o f  inves tment  f u n d s  demand f o r  

funds ,  c o n d i t i o n a l  upon d i f f e r e n t  i n t e r n a l  r a t e s  o f  d i s c o u n t ) ,  

t h e  r e a l  r a t e  demanded should  i n c l u d e  compensat ion f o r  t a x  

l o s s e s .  S i m i l a r l y ,  a  person demanding compensat ion f o r  i n f l a t i o n  

w i l l  e x p e c t  such  a premium t o  be i n  e f f e c t  a f t e r  t a x e s  and n o t  

b e f o r e ,  o r  t h e  compensation would n o t  t r u l y  keep t h e  bond h o l d e r  

i n s u l a t e d  from i n f l a t i o n .  

The magnitude o f  llTll i n  Equa t ions  ( 4 7 )  and ( 4 8 )  may be 

taken as b e i n g  be tween l l .  20 l1 and l l .  50 11, f o r  Canada, depending 

upon t h e  income r e c e i v e d ,  and t h e  bond h o l d e r t  s o t h e r  income.33 

Assuming some mid p o i n t ,  however, of 11.3511 as r e p r e s e n t a t i v e  of 

t h e  t a x  f a c e d  by t h e  l1averagel1 bond h o l d e r ,  E q u a t i o n s  ( 4 7 )  and 

(48)  would become, f o r  example: 

( 4 9 )  R R t  = . 6 5 ( a )  

" ~ 1 - ~ " ~ - ~ " 1 " w w " - " w  

33 These f i g u r e s  were c a l c u l a t e d  from t h e  t a x e s  payable  p e r  
income b r a c k e t .  Source:  1979 Canadian Tax -- Guide. 



In o ther  words, when account i s  taken of taxa t ion ,  the 

e s t ima tes  of  ?'af1 and " b f l  no longer  appear inappropriate .  The 

f i g u r e s  l i s t e d  in  Tables X I X  and XX, a f t e r  a d j u s t i n g f o r  

taxa t ion  e f f e c t s ,  i n d i c a t e  values of the r e a l  r a t e  of re turn  

being near  2 .5% annually, and in  no case shown i s  I1B" 

s i g n i f i c a n t l y  d i f f e r e n t  from "1. 00011 - -  the e s t ima tes  genera l ly  

f a l l  below, but very close t o  t h a t  number. 

The major f indings  of t h i s  study may be summed up, 

therefore ,  i n t o  one sentence - -  every ind ica t ion  i s  t h a t  bond 

holders  do indeed understand the process o f ,  and demand 

compensation f o r ,  i n f l a t i o n .  T h i s  conclusion i s  n o t  s u r p r i s i n g  

- -  in  f a c t ,  i f  anything e l s e  were the case one would l i k e l y  

become suspicious.  None the less ,  a t  a  time when governments 

continue t o  generate  expecta t ions  of i n f l a t i o n  by  monetary 

ac t ions ,  while a t  the same time publ ic ly  promising a  fu tu re  

lowering of i n t e r e s t  r a t e s ,  the poin t  i s  c e r t a i n l y  f a r  from an 

i r r e l e v a n t  one. 
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Chart I 

Yohe and Karnosky Regression' Coef f i c i en t s  

Ordinary Least Squares: 1961 - 1969 

sum = 7.603 
Constant = 2.542 r N  

R2= 591 

36 lags 
1.0: Sum 6602  Sum = 8.914 

Constant -- 3 243 r n ~  Constonc = 2.340 rnS 
R7= 0 527 R2= ,620 

Sum = 9.238 
Constonl= 2.283 rnf 

#= ,630 

-.5 - 



Chart II 

Yohe and Karnosky Regression Coef f i c i en t s  

Almon Lag Coeff ic ients :  1961 - 1969 

Short-Term Interest Rates 

Sun = ,952 
1%1-1w Conatant = 2 411 

117 = 901 

/--- 

/) -\ 
-\ 

Sum = ,334 

-.02 1952-1960 Constant= 2.445 
12=.255 

m . 0 4  1 I I I I I I I I I 1 I 

'Coefficients 
+ .06 

Long-Term Interest Rates 

+ .O4 Sun = J32 

Sum = ,102 
1952-1966 Conahnt = 3 261 

-.02 R2=.164 



C h a r t  I11 

30 Day Finance Co. P a p e r  Rate 

Olsq c o e f f i c i e n t s :  1961 - 1969 



Char t  I V  

90 Day Finance Co. Paper Rate 

Olsq c o e f f i c i e n t s :  1961 - 1969 

24 lag 36 lag 47 143 



Chart  V 

3 Month Treasury B i l l  Rate 

Olsq c o e f f i c i e n t s :  1961 - 1969 

I 24 lag 36 lag 47 lag 



C h a r t  V I  

6 Month Treasury B i l l  Rate 

O l s q  c o e f f i c i e n t s :  1961 - 1969 

24 lag 36 lag 47 lag 



Chart V I I  

1 - 3 Year Average B ~ n d  Rate 

Olsq coefficients:  1961 - 1969 



Chart V I I I  

3 - 5 Year Average Bond Rate 

Olsq c o e f f i c i e n t s :  1961 - 1969 

24 lag 36 lag 47 1% 



C h a r t  I X  
O L S Q :  R N t  = a + A l m o n  ( P t ,  . . . P t - n )  

1. 30 a = 2 .284 (16 .97 )  a = 4 .196 (11 .40 )  a = 3.316 ( 2 4 . 2 4 )  
day R2 = , 8 6 7  R2 = . 535  R2 = .747 

D.W. = . 581  D.W. = . 213  D.W. = . 209  
N O B S  = 1 0 8  N O B S  = 117  N O B S  = 225 

2. 90 a = 2 .480 (12 .77 )  a = 4.51 ( 1 2 . 3 4 )  a = 3 .676 (27 .59 )  
day R2 = .660 R2 = .52 5 R2 = - 7 1 2  

D.W. = .272 D.W. = . 203  D.W. = . I 8 4  
N O B S  = 1 2 3  N O B S  = 117  N O B S  = 240 

3.  3  a = 2 .222 (11 .87 )  a = 2 . 7 3 2 ( 8 . 3 6 )  a = 2 .883 (24 .18 )  
M o n  R2 = .602 R2 = .620 R2 = .730 

D.W. = . 321  D.W. = .079 D.W. = . I 2 6  
N O B S  = 1 2 3  N O B S  = 1 1 7  N O B S  = 240 ' 

4. 6  a = 2 .531 (14 .33 )  a = 2 .947 (9 .34 )  a = 3 .158 (26 .27 )  
M o n  R2 = .655 R2 = .622 R2 = . 728  . . 

D.W. = .409 D.W. = . l o 5  D.W. = . I 5 0  
N O B S  = 1 1 6  N O B S  = 1 1 7  N O B S  = 233  

5. 1 - 3  a ' =  2 .965 (22 .30 )  a = 4 .695 (19 .67 )  a = 3 .764 (40 .20 )  
Y e a r  R2 = .602 R2 = .520 R2 = .752 

D.W. = .397 D.W. = . I 9 5  D.W. = . I 8 1  
N O B S  = 1 2 3  N O B S  = 117  N O B S  = 240 

6. 3-5 a = 3 .384 (30 .90 )  a = 5.346 
Y e a r  R2 = .737 R2 = .540 

D.W. = .362 D.W. = . 227  D.W. = . I 6 8  
N O B S  = 1 2 3  N O B S  = 1 1 7  N O B S  = 240 

* 1960-68 in  case of  30 day, 1956-68 f o r  90 day,  and 
1959-68  f o r  6  m o n .  

N o t e :  N O B S  = N u m b e r  of  O b s e r v a t i o n s  

126  



Chart X 

OLSQ: R N t  = a + b P 8 t  + e t  

1. 30 a = 1.87(10.62)  a = 3 . 7 7 0 ( 9 - 9 1 )  a = 2.926(18.86)  
day b = 12.42(16.35)  b  = 6.55(10.01)  b = 7.958(23.03)  

R2 = .716 R 2  = .465 R2 = .704 
D.W. = .660 D.W. = . I 9 4  D.W. = .226 

2.  90 a = 2.75(13.51)  a = 4.038(10.69)  a = 3.357(22.88)  
day b = 10.07(11.15)  b = 6.432(9 .89)  b = 7.544(22.45)  

R 2  = .507 R2 = .459 R2 = .678 
D.W. = .324 D.W. = . I 8 8  D.W. = .206 

3. 3  a = 2.550(12.553) a = 3.009(8 .017)  a = 2.78(19.43)  
Mon b =  7 .796(8 .67)  b = 6.392(9 .89)  b = 6.77(20.61)  

R 2  = ,383 R 2  = .459 R 2  = .641 
D.W. = .297 D.W. = .083 D.W. = . I 3 9  

4. 6  a = 2.779(13.15)  a = 3.183(8 .94)  a = 3.012(21.10)  
Mon b = 7.684(8.29)  b E 6 . 3 4 2 ( 1 0 . 3 5 )  b =  6.634(20.55)  

R2 = .376 R 2  = .482 R 2  = .646 
D.W. = .284 D.W. = . l o 3  D.W. = . I52  

5. 1-3  a = 3.18(21.06)  a = 4.793(19.18)  a = 3.641(34.31)  
Year b =  7.198(10.78)  b =  4.046(9.40)  b = 5.826(23.98)  

R2 = .490 R2 = .435 R 2  = .707 
D.W. = .370 D.W. = . I 5 5  D.W. = . I 9 3  

6. 3-5 a =  3 .58(29.42)  a = 5.519(25.417) a = 4.058141.76) 
Year b  = 6.853(12.73)  b = 3.435(9.19)  b = 5.671(25.48)  

R 2  = .573 R 2  = .423 R 2  = .732 
D.W. = .408 D.W. = . I 7 2  D.W. = . I 8 6  



Chart  X I  

PDL: R N t  = a + bEXt + ~ l r n o n ( P t ,  P t - 1 ,  ... P t - n )  
1955-78  

(1) Day 3 0 t  = 3 . 8 8  - . 014  M 3 R t  + Alrnon(Pt ,  P t - 1 ,  .. . P t m n )  
( 2 0 . 3 0 )  ( - 1 . 6 8 )  

R2 = . 6 9  D.W. = . 230  

( 2 )  Day g o t  = 3.74 - - 0 1 8  M3Rt + Alrnon(Pt ,  P t - 1 ,  ... P t - n )  
( 2 7 . 4 9 )  ( - 2 . 3 3 )  

R2 = . 7 6  D.W. = . 227  

( 3 )  Mon 3 t  = 2 .96  - . 024  M3Rt  + Alrnon(Pt ,  P t - 1 ,  ... ~ t - n )  
( 2 4 . 5 1 )  ( - 3 . 1 9 )  

( 4 )  Mon 6 t  = 3 .20  - . 0 2 0  M3Rt + ~ l r n o n ( P t ,  P t - 1 ,  ... P t - n )  
( 1 9 . 7 7 )  ( - 2 . 6 7 )  

R2 = . 72  D.W. = . I 5 5  
( 5 )  Year I t  = 3.80 - . 022  M3Rt + Almon(Pt ,  P t - 1 , .  . . P t a n )  

( 3 9 . 4 8 )  ( - 3 . 6 8 )  

R2 = . 7 7  D.W. = . 2 3 5  

( 6 )  Year 3 t  = 4.18 - . 012  M3Rt  + Alrnon(Pt ,  P t - l , ; . . P t - n )  
( 4 9 . 4 2 )  ( - 2 . 2 5 )  

R2 = . 8 0  D.W. = . I 9 6  



Chart  X I 1  

PDL: R N t  = a + bEXt + cEXt-1 + A l r n o n ( ~ t ,  ... ~ t - 1 )  
1 9 5 5  - I978  

(1) Day 3 0 t  = 3 .88  - . 014  M 3 R t  - . 001  M3Rt-1 + Almon(Pt ,  ... P t - n )  
( 20 .19 )  ( - 1 . 6 8 )  ( - . I 2 5 1  

R2 = . 69  D.W. = - 2 3 2  

( 2 )  Day g o t  = 3 .75  - . 019  M3Rt - . 005  M3Rt-1 + Almon(Pt , .  . . P t - n )  
( 2 7 . 3 0 )  ( - 2 . 3 6 )  ( - 4 5 3 )  

R2 = . 76  D.W. = . 233  

( 3 )  Mon 3 t  = 2 .97  .024  M3Rt  - . 028  M 3 R t - 1  + Almon(Pt , .  . . ~ t - n )  
( 2 4 . 9 6 )  ( - 3 . 2 7 )  ( - 1 . 25 )  

R2 = . 7 5  D.W. = . 2 1 1  

( 4 )  Mon 6 t  = 3.22 - . 021  M 3 R t  - .012 M3Rt-1 + Almon(P t , .  . . P t c n )  
( 1 9 . 8 2 )  ( - 2 . 7 6 )  ( - 1 . 18 )  

R2 = . 7 3  D.W. = . I 8 3  

( 5 )  Year I t  = 3.80 - - . 006  M3Rt-1 + Almon(Pt ,  ... P t - n )  
e o 2 2  M3Rt (-. 789 )  ( 3 9 . 4 0 )  ( -3 .73  

( 6 )  Year 3 t  = 4.18 - , 0 1 2  M 3 R t  - .004 M3Rt-1 + Almon(Pt ,  ... P t - n )  
( 4 9 . 2 4 )  ( - 2 . 2 8 )  (m.517) 

R2 = . 80  D.W. = . I 9 9  



Chart XI11 

OLSQ: 1) R N t  = a1 + b l C P I t  + e t  
2 )  R N t  = a2 + b 2 C P I t  + e t  

R N t  

1. Day 3 0 t  a1 = 3.78 (14 .13)  
b l  = 6.14 (9 .38)  
R 2  = .283 
D.W. = .473 

2. Day 9Ot a1 = 3.87 (16 .92)  
b l  = 5.92 (10 .17)  
R 2  = .276 
D.W. = -456 

3. Mon 3 t  

4. Mon 6 t  

- 
D.W. = .380 

D.W. = .405 

5. Yea r ' l t  a1 = 3.69 (20 .51)  
b l  = 5.14 ( 1 1 . 1 2 )  
R2 = .306 
D.W. = .472 

6. Year 3 t  a1 = 4.08 (23 .32)  
b l  = 4.99 (11 .10)  
R 2  = .305 
D.W. = .464 

n C P I ~  = r ( ~ l t  - ~ t >  
f C P I t  = f(M3t - Y t )  

( 2  

a2 = 3.59 (12 .77)  

a2 = 3.54 (14 .07)  
b2 = 5.57 (9 .04)  
R2 = .259 
D.W. = .370 

a2 = 3.52 (18 .51)  
b2 = 5.71 (11 .68)  
R 2  = .324 
D.W. = .491 

a2 = 3.89 (21 .43)  
b2 = 5.61 ( 1 2 . 0 1 )  
R2 = .337 
D.W. = .514 



Chart X I V  

CORC: Rnt = a +  b(CP1HATt) + e t  
1 9 5 5  -1978 

(where CPIHAT were taken from 1955-1970 ,  
1970-1978  r u n s  ) 

( 1 9 . 4 4 )  ( 1 9 . 3 3 )  
R2 = . 6 2  D.W. = . I 5 4  

( 2 )  D a y g O t  = 3 .49  + 6 . 9 0 C P I H A T t  + e t  
( 2 5 . 4 1 )  ( 2 1 . 8 5 )  

R2 = 
( 3 )  Mon 3 t  = 2 . 6 1  + 6 . 7 3 C P I H A T t  + e t  

( 1 9 . 8 0 )  ( 2 1 . 8 6 )  
R2 = . 6 3  D.W. = . 092  

( 4 )  Mon 6 t  = 3.22 + 6 . 0 0 C p I H ~ T t  + e t  
( 2 1 . 1 1 )  ( 1 8 . 3 6 )  

R2 = . 5 9  D.W. = . I 1 0  

( 5 )  Year I t  = 3 .45  + 5 .86  CPIHATt + e t  
(32 .32  

R2 = . 6 6  
( 2 3 . 5 1 )  

D.W. = . I 1 4  

( 6 )  Y e a r 3 t  = 3 .83  + 5 . 7 4 c P I H ~ T t  + e t  
( 3 8 . 5 2 )  ( 2 4 . 7 7 )  

R2 = . 6 8  D.W. = . I 0 0  
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