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Money, R e a l I n t e r e s t R a t e s , and Output 

I n t e r e s t r a t e s have l ong o c c u p i e d a c e n t r a l r o l e i n t h e o r i e s of 

income d e t e r m i n a t i o n . T r a d i t i o n a l K e y n e s i a n t h e o r y has emphas ized the r o l e o f 

i n t e r e s t r a t e s f o r d e t e r m i n i n g the l e v e l o f agg rega te demand, p a r t i c u l a r l y f o r 

new c a p i t a l goods . More r e c e n t e q u i l i b r i u m t h e o r i e s have emphas ized the r o l e 

o f i n t e r e s t r a t e s on the d e s i r e d i n t e r t e m p o r a l a l l o c a t i o n of l a b o r s u p p l y . In 

the t h e o r i e s of Lucas (1972) and B a r r o (1976 , 1980) , f l u c t u a t i o n s a re p o r 

t r a y e d as stemming from the response of l a b o r s u p p l y to p e r c e i v e d temporary 

abnormal r a t e s of r e t u r n . In the model p r e s e n t e d i n Grossman-Weiss (1980) 

i n t e r e s t r a t e s a f f e c t ou tpu t because they h e l p to d i s t i n g u i s h r e l a t i v e from 

agg rega te p r o d u c t i v i t y shocks wh ich i n f l u e n c e each a g e n t ' s d e s i r e d l e v e l o f 

i n v e s t m e n t . 

Ano the r common theme of these d i s p a r a t e t h e o r i e s i s the c l o s e c o n 

n e c t i o n between monetary phenomena and i n t e r e s t r a t e s . In each t h e o r y the 

p r i n c i p a l channe l by wh ich changes i n the demand or s u p p l y of money a f f e c t s 

r e a l v a r i a b l e s i s by a l t e r i n g p e r c e p t i o n s of i n t e r t e m p o r a l terms of t r a d e . 

The K e y n e s i a n " l i q u i d i t y p r e f e r e n c e " t h e o r y p o s i t s tha t the l i n k between money 

and i n t e r e s t r a t e s i s d i r e c t and c a u s a l ; the nomina l i n t e r e s t r a t e must a d j u s t 

to e q u i l i b r a t e the demand f o r money w i t h the exogenous l y d e t e r m i n e d s u p p l y . 

Under the a d d i t i o n a l a s s u m p t i o n tha t the pa th of nom ina l p r i c e s i s g i v e n 

e x o g e n o u s l y , nomina l i n t e r e s t r a t e changes are changes i n the r e a l r a t e r e l e 

vant f o r a f i r m ' s i nves tmen t d e c i s i o n and hence o u t p u t . In the newer e q u i l i b 

r ium t h e o r i e s the c o n n e c t i o n between money and p e r c e i v e d r e a l i n t e r e s t r a t e s 

i s more s u b t l e . A key a s s u m p t i o n of the newer t h e o r i e s i s t ha t t h e r e a r e 

b a r r i e r s to i n f o r m a t i o n f l o w s and agen t s use obse rved nomina l p r i c e s i g n a l s as 

i m p e r f e c t summaries from Che r e s t of the w o r l d . These t h e o r i e s imp ly t h a t 

monetary phenomena may e f f e c t p e r c e p t i o n s of the r e a l r a t e o n l y to the e x t e n t 
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Chat such d i s t u r b a n c e s a re not d i r e c t l y p e r c e i v e d as s u c h , but a re c o n f u s e d 

w i t h r e a l changes . 

The e m p i r i c a l r e l a t i o n s h i p between money, nomina l i n t e r e s t r a t e s , 

and ou tpu t has r e c e n t l y been s t u d i e d by Sims (1979 , 1980 ) . U s i n g a f o u r 

v a r i a b l e a u t o r e g r e s s i v e sys tem (money, p r i c e s , o u t p u t , and a s h o r t - t e r m i n t e r 

es t r a t e ) , Sims found tha t upward i n n o v a t i o n s i n i n t e r e s t r a t e s were f o l l o w e d 

by a d e l i n e i n p r o d u c t i o n a f t e r a l a g of about s i x months, r e a c h i n g a minimum 

about 18 months l a t e r f o r pos twar U . S . d a t a . E q u a l l y s t r i k i n g i s the f a c t 

t h a t the i n c l u s i o n of i n t e r e s t r a t e s l e a d s to the r e j e c t i o n tha t the money 

s t o c k i s s t r o n g l y G r a n g e r - c a u s a l l y p r i o r f o r income. When i n t e r e s t r a t e s a r e 

o m i t t e d , monetary i n n o v a t i o n s e x p l a i n 37 p e r c e n t of the 48-month f o r e c a s t 

e r r o r v a r i a n c e f o r i n d u s t r i a l p r o d u c t i o n ; when i n t e r e s t r a t e s a re added t he 

p r o p o r t i o n f a l l s to 4 p e r c e n t . Sims c o n c l u d e s ( p . 2 5 3 ) , "some of the obse rved 

comovements of i n d u s t r i a l p r o d u c t i o n and money s t o c k a r e a t t r i b u t e d to common 

r e s p o n s e s to s u r p r i s e changes i n the i n t e r e s t r a t e . " A l t h o u g h the magn i tudes 

and t i m i n g of the response d i f f e r among the s e v e r a l samples s t u d i e d , the 

r e l a t i o n s h i p appears i n both prewar and pos twar U . S . da ta and pos twar F r e n c h , 

U . K . , and German d a t a . 

I n t h i s p a p e r , we a t tempt to reexamine the e m p i r i c a l r e l a t i o n s h i p 

between money, i n t e r e s t r a t e s , and ou tpu t i n pos twar month ly U . S . da ta empha

s i z i n g the d i s t i n c t i o n between movements i n expec ted (ex a n t e ) r e a l i n t e r e s t 

r a t e movements and movements i n e x p e c t e d i n f l a t i o n r a t e s . As Fama ( 1 9 7 5 ) , and 

Faraa and Gibbons (1980) have shown, a s u b s t a n t i a l p a r t o f the movements i n 

s h o r t - t e r m i n t e r e s t r a t e s , a t l e a s t over the pos twar U . S . e x p e r i e n c e , can be 

a t t r i b u t e d to changes i n expec ted i n f l a t i o n — ! / I n l i g h t of t h i s f i n d i n g , i t 

i s s u r p r i s i n g that i n t e r e s t r a t e i n n o v a t i o n s e x p l a i n so much of the v a r i a n c e 

of f o r e c a s t s of f u t u r e o u t p u t , s i n c e most t h e o r e t i c a l models of income d e t e r -
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i n i t i a t i on argue tha t e x p e c t e d r e a l r a t e s a r e p e r t i n e n t f o r c u r r e n t p e r i o d 

s u p p l y and demand d e c i s i o n s . 

The paper i s o r g a n i z e d as f o l l o w s : In S e c t i o n I we r e v i e w the b a s i c 

r e s u l t s of S i m s ' f o u r v a r i a b l e v e c t o r a u t o r e g r e s s i o n s on pos twar mon th l y U . S . 

d a t a . I n S e c t i o n I I we c o n s t r u c t p r o x i e s f o r the ex an te r e a l r a t e wh ich 

a l l o w us to s e p a r a t e the e f f e c t s of changes i n the expec ted r e a l r a t e f rom 

changes i n expec ted i n f l a t i o n . In one se t o f v e c t o r a u t o r e g r e s s i o n s we t r e a t 

the p r o j e c t i o n of f u t u r e p r i c e s on c u r r e n t l y a v a i l a b l e da ta u s i n g the Kalman 

f i l t e r t e c h n i q u e to be the p r i c e e x p e c t a t i o n s h e l d by a r e p r e s e n t a t i v e 

a g e n t . In a n o t h e r se t of v e c t o r a u t o r e g r e s s i o n s we a t t r i b u t e to a g e n t s ' p e r 

f e c t o n e - p e r i o d - a h e a d p r i c e p r e d i c t i o n s . We cannot unamb iguous ly a t t r i b u t e 

the e f f e c t s of nom ina l i n t e r e s t r a t e i n n o v a t i o n s documented i n the f i r s t 

s e c t i o n to e i t h e r expec ted i n f l a t i o n i n n o v a t i o n s a l o n e or to r e a l r a t e i n n o v a 

t i o n s a l o n e . However , t h e r e i s s t r o n g e v i d e n c e to sugges t t h a t upward i n n o v a 

t i o n s i n expec ted i n f l a t i o n have a d e p r e s s i n g e f f e c t on f u t u r e ou tpu t wh ich i s 

not r e a d i l y e x p l a i n e d by demand d r i v e n models of o u t p u t . In l i g h t of these 

d e s c r i p t i v e s t a t i s t i c a l r e s u l t s , we go on to t e s t a number of s p e c i f i c h y p o t h 

eses c o n c e r n i n g money, r e a l r a t e s , and ou tpu t wh ich a re sugges ted by p a r t i c u 

l a r s t r u c t u r a l m o d e l s . We f i r s t examine the i n f l u e n c e of o u t p u t , money, and 

p r i c e s on the ex an te r e a l s h o r t r a t e . S p e c i f i c a l l y , we t e s t whether c u r r e n t 

and pas t money and p r i c e s have any a d d i t i o n a l p r e d i c t i v e con ten t f o r f u t u r e 

expec ted r e a l r a t e s g i v e n c u r r e n t r e a l r a t e s . We cannot r e j e c t the h y p o t h e s i s 

tha t the r e a l r a t e i s exogenous . T h i s f i n d i n g c a s t s s t r o n g doubt on the 

money, r e a l i n t e r e s t l i n k i m p l i e d by e i t h e r K e y n e s i a n IS -LM a n a l y s i s and the 

i n f o r m a t i o n a l l y based e q u i l i b r i u m mode l s . Because the r e a l r a t e i s unob

s e r v e d , the h y p o t h e s i s tha t the r e a l r a t e i s exogenous to money and p r i c e s 

t akes the form of n o n l i n e a r c r o s s - e q u a t i o n r e s t r i c t i o n on a v e c t o r a u t o r e -
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g r e s s i v e system wh ich i s e s t i m a t e d by a maximum l i k e l i h o o d method. We then go 

on to t e s t a number of hypo theses c o n c e r n i n g the r e l a t i o n s h i p between i n t e r e s t 

r a t e s and o u t p u t . These t e s t s a re d e s i g n e d to pass on the v a l i d i t y of a l t e r 

n a t i v e t h e o r i e s of the t r a n s m i s s i o n mechanism between f i n a n c i a l v a r i a b l e s and 

r e a l v a r i a b l e s . In p a r t i c u l a r , we a r e i n t e r e s t e d i n r e e x a m i n i n g the e v i d e n c e 

t h a t changes i n money s u p p l y have r e a l e f f e c t s on o u t p u t . Our most i n t e r 

e s t i n g f i n d i n g of t h i s s e c t i o n i s tha t we cannot r e j e c t the h y p o t h e s i s t h a t 

income i s governed o n l y by i t s own h i s t o r y and the h i s t o r y of nomina l i n t e r e s t 

r a t e i n n o v a t i o n s . S i n c e nom ina l i n t e r e s t r a t e i n n o v a t i o n s a r e , by d e f i n i t i o n , 

o r t h o g o n a l to pas t money i n n o v a t i o n s , t h i s f i n d i n g i m p l i e s tha t the d a t a i s 

c o n s i s t e n t w i t h s t r u c t u r a l models i n wh ich t h e r e i s no feedback from pas t 

money to o u t p u t , but i s g e n e r a l l y i n c o n s i s t e n t w i t h both I S - L M a n a l y s i s and 

most i n t e r t e m p o r a l v e r s i o n s of the e q u i l i b r i u m m o d e l s . In S e c t i o n IV an 

a l t e r n a t i v e s t r u c t u r a l model i s o u t l i n e d wh ich i s c o n s i s t e n t w i t h the d a t a . 

T h i s model has the c e n t r a l f e a t u r e t h a t changes i n money s u p p l y do not a f f e c t 

o u t p u t . The f i f t h s e c t i o n i s the c o n c l u s i o n . 

I. Rev iew of E a r l i e r Work 

U s i n g a m u l t i v a r i a t e , l i n e a r t ime s e r i e s mode l , Sims (1979 , 1980) 

showed tha t nom ina l i n t e r e s t i n n o v a t i o n s e x p l a i n a s u b s t a n t i a l f r a c t i o n of 

v a r i a n c e i n i n d u s t r i a l p r o d u c t i o n . F u r t h e r m o r e , the i n c l u s i o n of i n t e r e s t 

r a t e s d e c r e a s e s s i g n i f i c a n t l y the f r a c t i o n of v a r i a n c e i n i n d u s t r i a l p r o d u c 

t i o n a t t r i b u t e d to i n n o v a t i o n s i n nom ina l money s u p p l y . 

Tab le I shows the d e c o m p o s i t i o n of v a r i a n c e of i n d u s t r i a l p r o d u c t i o n 

i n both a t h r e e v a r i a b l e ( i n d u s t r i a l p r o d u c t i o n , I P ; money s t o c k , FM1B; and 

consumer p r i c e s l e s s s h e l t e r , PU106; and a f o u r v a r i a b l e ( p l u s nom ina l i n t e r 

e s t on 3-month T r e a s u r y b i l l s , FYGM3) v e c t o r a u t o r e g r e s s i o n at v a r i o u s t ime 

h o r i z o n s . In both systems the d a t a i s i n l o g s and i s month ly f o r the p e r i o d 

1949:1 to 1 9 8 0 : 9 . Twelve l a g s of each v a r i a b l e were e s t i m a t e d . 
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In the th ree v a r i a b l e s y s t e m , the t e s t o f the h y p o t h e s i s tha t a l l 

twe lve l a g s of money have z e r o c o e f f i c i e n t s i n the ou tpu t e q u a t i o n may be 

r e j e c t e d a t the c o n v e n t i o n a l 5 p e r c e n t l e v e l ( the F - t e s t has a m a r g i n a l s i g 

n i f i c a n c e l e v e l of . 0 2 3 ) , but t h i s i s not t r u e i n the f o u r v a r i a b l e sys tem 

( m a r g i n a l s i g n i f i c a n c e of . 0 9 8 ) . As can be seen i n Tab le I, the dominance o f 

i n t e r e s t r a t e i n n o v a t i o n s over money i n n o v a t i o n s becomes s t r o n g e r as the t ime 

h o r i z o n f o r p r e d i c t i n g ou tpu t l e n g t h e n s . T h i s a c c o r d s w i t h S i m s ' f i n d i n g t h a t 

the response of ou tpu t to i n t e r e s t r a t e i n n o v a t i o n s i s e s s e n t i a l l y f l a t f o r 

about s i x months, f o l l o w e d by a smooth d e c l i n e r e a c h i n g a minimum of about 18 

months l a t e r . 

As a f u r t h e r check of the r o b u s t n e s s of t h i s n o m i n a l i n t e r e s t r a t e — 

2 / 

ou tpu t l i n k , — the f o u r v a r i a b l e sys tem was r e e s t i m a t e d s e p a r a t e l y f o r the two 

p e r i o d s 1955:1 to 1971:12 and 1972:1 to 1 9 8 0 : 9 . F o r t h i s compa r i son o n l y 

th ree l a g s of each v a r i a b l e were i n c l u d e d . T h i s f u r t h e r r e s t r i c t i o n i s m o t i 

va ted by the d e s i r e to per fo rm h y p o t h e s i s t e s t s d e s c r i b e d i n the nex t s e c t i o n 

i n wh ich l ong l a g l e n g t h s a re c o m p u t a t i o n a l l y u n w i e l d y . A l t h o u g h a l i k e l i h o o d 

r a t i o t e s t of the h y p o t h e s i s tha t l a g s f o u r th rough s i x of a l l v a r i a b l e s have 

ze ro c o e f f i c i e n t s i n each of the f o u r e q u a t i o n s i s r e j e c t e d ( m a r g i n a l s i g n i f i 

cance l e v e l i s . 0 2 8 ) , i n o u t - o f - s a m p l e f o r e c a s t i n g ( r e e s t i m a t i n g each p e r i o d 

from 1971:12 to 1 9 8 0 : 8 ) , the t h r e e l a g sys tem a c t u a l l y pe r fo rms b e t t e r f o r 

most c h o i c e s , o f v a r i a b l e s and t ime h o r i z o n s . I n a l i k e l i h o o d r a t i o t e s t the 

h y p o t h e s i s of s i x l a g s v e r s u s 12 l a g s i s not r e j e c t e d ( m a r g i n a l s i g n i f i c a n c e 

. 0 5 0 5 ) . The th ree l a g system shows most c l e a r l y t h a t the i n t e r e s t r a t e ou tpu t 

r e l a t i o n s h i p i s remarkab l y s t a b l e ove r t i m e . In F i g u r e I, the moving ave rage 

response of each of the f o u r v a r i a b l e s to an i n n o v a t i o n i n nomina l i n t e r e s t 

r a t e s i s p r e s e n t e d f o r each p e r i o d . In F i g u r e I I , the r e s p o n s e of i n d u s t r i a l 

p r o d u c t i o n to an i n n o v a t i o n In each of the f o u r v a r i a b l e s i s shown. In bo th 
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p e r i o d s , income d e c l i n e s i n response to i n t e r e s t r a t e i n n o v a t i o n s . T h i s 

response i s much q u i c k e r i n the more r e c e n t p e r i o d ; t h e r e i s no d i s c e r n a b l e 

l a g and the response i s s t r o n g e s t a t the 12-month h o r i z o n . In the e a r l i e r 

p e r i o d , a s i x - m o n t h l a g i s e v i d e n t and the maximum impact i s a t the 24-month 

h o r i z o n . In bo th p e r i o d s , i n t e r e s t r a t e i n n o v a t i o n s a r e f o l l o w e d by i n c r e a s e d 

i n f l a t i o n and a d e c r e a s e i n nomina l b a l a n c e s . I n both p e r i o d s , bo th i n t e r e s t 

r a t e s and ou tpu t respond to t h e i r own i n n o v a t i o n s w i t h a c h a r a c t e r i s t i c "hump 

shape" moving a v e r a g e . 

A l t h o u g h a Chow t e s t o f s t r u c t u r a l s t a b i l i t y of c o e f f i c i e n t s i s 

o v e r w h e l m i n g l y r e j e c t e d ( C h i - S q u a r e t e s t w i t h 52 degrees of f reedom • 1 1 2 . 6 5 , 

m a r g i n a l s i g n i f i c a n c e < 10 ) , the q u a l i t a t i v e p r o p e r t i e s of the i m p u l s e 

responses look r emarkab l y s i m i l a r . T h i s s i m i l a r i t y s h o u l d g i v e pause to t hose 

who argue t h a t the p reponderance of " s u p p l y s h o c k s " i n the more r e c e n t p e r i o d 

has r a d i c a l l y a l t e r e d the dynamic i n t e r a c t i o n s between money, p r i c e s , i n t e r e s t 

r a t e s , and o u t p u t . 

I I . I n t e r e s t Ra tes and O u t p u t — R e a l or Nomina l? 

The response o f ou tpu t to i n n o v a t i o n s i n nomina l i n t e r e s t r a t e s i s 

s u r p r i s i n g i f most v a r i a t i o n s i n nom ina l i n t e r e s t r a t e s stem from changes i n 

a n t i c i p a t e d i n f l a t i o n . In t h i s s e c t i o n we a t tempt to f o r m u l a t e p r o x i e s f o r 

the ex an te r e a l r a t e to get a b e t t e r i d e a of whether the nomina l i n t e r e s t 

r a t e i n n o v a t i o n s i s o l a t e d i n the p r e c e d i n g s e c t i o n r e p r e s e n t i n n o v a t i o n s i n 

the r e a l r a t e , or i n n o v a t i o n s i n e x p e c t e d i n f l a t i o n . 

The f i r s t p roxy f o r the e x p e c t e d r e a l r a t e was d e r i v e d by p r o j e c t i n g 

the l og of p r i c e s at t+1 on a c o n s t a n t and c u r r e n t and two l a g s of da ta a t 

t ime t u s i n g a c o n s t a n t c o e f f i c i e n t Kalman f i l t e r t e c h n i q u e . T h i s p r o c e d u r e 

i s e q u i v a l e n t to r e e s t i m a t i n g an OLS r e g r e s s i o n each p e r i o d . The r e s u l t i n g 

month ly e x p e c t e d i n f l a t i o n , E ( P t + 1 | M t _ s , P t _ s , I P t _ s , R t _ s , s = 0 , 1 , 2 ) - P c i s 

p r e s e n t e d i n F i g u r e V I I . 
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For the nomina l r a t e , we use a s e r i e s , B ILLS I, c o n s t r u c t e d as the 

f i r s t - o f - t h e - m o n t h y i e l d of T r e a s u r y b i l l s w i t h one-month ma tu r i t y .—^ By 

s u b t r a c t i n g the expec ted i n f l a t i o n from t h i s s e r i e s we gene ra te an ex an te 

r e a l r a t e , wh ich i s p r e s e n t e d as i n F i g u r e V I I I . 

T h i s ex an te r e a l r a t e s e r i e s was employed i n s e v e r a l f o u r v a r i a b l e , 

month ly a u t o r e g r e s s i v e systems u s i n g t h r e e l a g s and a c o n s t a n t term i n each 

e q u a t i o n . The major d i f f i c u l t y i n i n t e r p r e t i n g these sys tems a r i s e s from the 

s t r o n g contemporaneous c o r r e l a t i o n between i n n o v a t i o n s i n expec ted i n f l a t i o n 

and i n n o v a t i o n s i n the e x p e c t e d r e a l r a t e . T a b l e I I r e p o r t s the v a r i a n c e -

c o v a r i a n c e m a t r i x of the i n n o v a t i o n s a r i s i n g f rom a sys tem wh ich i n c l u d e s 

i n d u s t r i a l p r o d u c t i o n , nom ina l r a t e s , expec ted i n f l a t i o n , and money. 

As can be seen i n T a b l e I I , t h e r e i s a s t r o n g l y n e g a t i v e ( - . 9 4 ) 

c o r r e l a t i o n between i n n o v a t i o n s i n expec ted i n f l a t i o n and i n n o v a t i o n s i n the 

r e a l r a t e . A l s o s t r i k i n g i s the f a c t t h a t the v a r i a n c e of bo th e x p e c t e d 

i n f l a t i o n i n n o v a t i o n s and r e a l r a t e i n n o v a t i o n s i s about e i g h t t imes l a r g e r 

than tha t of nomina l r a t e i n n o v a t i o n s . A p p a r e n t l y , most of the i n n o v a t i o n s to 

e x p e c t e d i n f l a t i o n a re n e g a t i v e l y c o r r e l a t e d w i t h i n n o v a t i o n s to r e a l r a t e s so 

as to l e a v e the nomina l r a t e l a r g e l y u n a l t e r e d . These r e s u l t s imp l y t h a t , 

c o n t r a r y to the r e s u l t s of Fama, a one u n i t i n n o v a t i o n i n the nom ina l r a t e can 

be decomposed i n t o a .373 i n n o v a t i o n i n e x p e c t e d i n f l a t i o n and a .627 i n n o v a 

t i o n i n the expec ted r e a l r a t e . However , most of the v a r i a b i l i t y of t hese 

2 

i n n o v a t i o n s i s not e x p l a i n e d by nomina l r a t e i n n o v a t i o n s ; the R of a r e g r e s 

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

i s about . 0 2 , the c o r r e s p o n d i n g r e g r e s s i o n w i t h expec ted r e a l r a t e s as the 

dependent v a r i a b l e i s about . 0 5 . 

The h i g h n e g a t i v e c o r r e l a t i o n between r e a l r a t e i n n o v a t i o n s and 

expec ted i n f l a t i o n i n n o v a t i o n s i m p l i e s t h a t , u n l i k e the system examined i n 
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S e c t i o n T, the q u a l i t a t i v e p r o p e r t i e s of the moving average response g raphs 

and the d e c o m p o s i t i o n of v a r i a n c e might be e x p e c t e d to depend on the p a r t i c 

u l a r o r t h o g o n a l i z a t i o n c h o s e n . T h i s i s c o n f i r m e d i n Tab le I I I , w h i c h r e p o r t s 

the v a r i a n c e d e c o m p o s i t i o n of ou tpu t i n t h r e e a l t e r n a t i v e sys tems wh ich a l l 

l ead to e q u i v a l e n t p r e d i c t i o n s of f u t u r e v a l u e s . 

The l i n e a r i t y of the v e c t o r a u t o r e g r e s s i o n sys tem and the i d e n t i t y , 

r e a l r a t e = nom ina l r a t e - e x p e c t e d i n f l a t i o n , i m p l i e s tha t g i v e n one of t hese 

v a r i a b l e s , the p r e d i c t i v e c o n t e n t f o r ou tpu t i s i d e n t i c a l w h i c h e v e r of the 

o t h e r two v a r i a b l e s i s i n c l u d e d . Thus , i n the f i r s t v e c t o r a u t o r e g r e s s i o n 

examined i n T a b l e I I I , the f i r s t v a r i a b l e i s expec ted i n f l a t i o n and the second 

v a r i a b l e can be i n t e r p r e t e d a l t e r n a t i v e l y as e i t h e r nom ina l r a t e i n n o v a t i o n s 

o r r e a l r a t e i n n o v a t i o n s . 

The p r o p o r t i o n of v a r i a n c e a t t r i b u t e d to the r e a l r a t e and e x p e c t e d 

i n f l a t i o n v a r i e s d r a m a t i c a l l y , depend ing on the o r d e r i n g c h o s e n . These 

r e s u l t s are c o n s i s t e n t w i t h the v iew tha t the nomina l i n t e r e s t r a t e c o n t a i n s 

most of the i n f o r m a t i o n f o r p r e d i c t i n g o u t p u t . Expec ted i n f l a t i o n c o n t a i n s a 

l a r g e amount of h i g h f r e q u e n c y v a r i a t i o n , wh i ch when s u b t r a c t e d from the 

nomina l r a t e reduces the i n f o r m a t i o n c o n t e n t of t ha t s e r i e s . When r e a l r a t e s 

a r e f i r s t i n the o r d e r i n g , they accoun t f o r o n l y 3 p e r c e n t of the v a r i a n c e of 

i n d u s t r i a l p r o d u c t i o n at the 48-month h o r i z o n . Whichever of the nom ina l r a t e 

o r e x p e c t e d i n f l a t i o n i s put second c a p t u r e s more than h a l f of the v a r i a n c e of 

ou tpu t a t the same h o r i z o n . When the r e a l r a t e f o l l o w s e x p e c t e d i n f l a t i o n i n 

the o r d e r i n g , however , i t c a p t u r e s more than 40 pe rcen t of the v a r i a n c e a t the 

48-month h o r i z o n . T h i s change can o c c u r because r e a l r a t e s a re h i g h l y c o r r e 

l a t e d w i t h expec ted i n f l a t i o n , and coming second i n the o r d e r i n g they a l l o w 

the nomina l r a t e to be r e c o v e r e d . 
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N e v e r t h e l e s s , the moving average response graph ( F i g u r e I I I ) shows 

tha t the re i s a q u a l i t a t i v e l y d i f f e r e n t response on ou tpu t a r i s i n g from a r e a l 

r a t e i n n o v a t i o n than from an e x p e c t e d i n f l a t i o n i n n o v a t i o n . F i g u r e ( I l i a ) 

shows tha t when i t i s f i r s t i n the o r d e r i n g , an e x p e c t e d i n f l a t i o n i n n o v a t i o n 

has an immediate and unambiguous n e g a t i v e e f f e c t on o u t p u t . F i g u r e ( I l l b ) 

shows tha t when r e a l r a t e s a re f i r s t they e x e r t a p o s i t i v e response t h r o u g h 

o u t , and a nomina l i n t e r e s t r a t e i n n o v a t i o n ( e q u i v a l e n t l y e x p e c t e d i n f l a t i o n 

i n n o v a t i o n ) has a d e p r e s s i n g e f f e c t pas t the f i v e - m o n t h h o r i z o n . T a b l e IV i s 

des i gned to t e s t the s i g n i f i c a n c e of t h i s d e c o m p o s i t i o n f o r p r e d i c t i n g o u t 

p u t . S p e c i f i c a l l y i t c a l c u l a t e s the s t a n d a r d e r r o r and m a r g i n a l s i g n i f i c a n c e 

of the moving average responses of a sys tem w i t h nomina l r a t e s f i r s t and r e a l 

r a t e s (o r e q u i v a l e n t l y e x p e c t e d i n f l a t i o n ) s e c o n d . T h i s c h a r t shows c l e a r l y 

t ha t nom ina l r a t e s have a s i g n i f i c a n t l y n e g a t i v e e f f e c t f rom months s i x 

th rough 4 8 , w h i l e r e a l r a t e s have a s i g n i f i c a n t l y p o s i t i v e e f f e c t ove r the 

same h o r i z o n . 

The q u a l i t a t i v e p r o p e r t i e s of i n f l a t i o n i n n o v a t i o n s and r e a l r a t e 

i n n o v a t i o n s i n a sys tem wh ich a t t r i b u t e s to agen ts p e r f e c t o n e - p e r i o d - a h e a d 

p r i c e p r e d i c t i o n s may be seen i n T a b l e V and F i g u r e I V , wh i ch r e p o r t the 

d e c o m p o s i t i o n of v a r i a n c e of i n d u s t r i a l p r o d u c t i o n and the moving ave rage 

r e s p o n s e s of i n d u s t r i a l p r o d u c t i o n . I n these ex pos t s y s t e m s , the r e a l r a t e 

i s q u a l i t a t i v e l y more impo r tan t than i n the ex an te sys tem and has a p o s i t i v e 

e f f e c t on ou tpu t f o r e i t h e r o r t h o g o n a l i z a t i o n . 

The r e s u l t s i n F i g u r e V and T a b l e VI show tha t both the ex an te and  

ex pos t r e a l r a t e s a re l a r g e l y exogenous . The r e a l r a t e responds m o s t l y to 

i t s e l f , dampening ve ry q u i c k l y . At the 48-month h o r i z o n , 78 pe rcen t of i t s 

own v a r i a n c e i s e x p l a i n e d by i t s own i n n o v a t i o n s f o r the ex an te case and 97 

pe rcen t f o r the ex pos t c a s e . The r e a l r a t e does not feed i n t o o t h e r 
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s e r i e s . We can e a s i l y a c c e p t the h y p o t h e s i s tha t a l l t h ree c o e f f i c i e n t s on 

the ex an te r e a l r a t e i n the money e q u a t i o n a r e z e r o . The ex an te r e a l r a t e 

never e x p l a i n s more than .8 p e r c e n t of the v a r i a n c e of f u t u r e money. These 

r e s u l t s c a s t doubt on any i n t e r p r e t a t i o n s l i n k i n g ex an te r e a l r a t e s w i t h 

a n t i c i p a t i o n s of f u t u r e p o l i c y - i n d u c e d c h a n g e s . 

The r e s u l t s i n Tab le I I can be taken as weak e v i d e n c e a g a i n s t a 

L u c a s - B a r r o i n t e r t e m p o r a l s u b s t i t u t i o n m o d e l , even though our p roxy f o r the ex 

an te r a t e i g n o r e s the b a r r i e r s to c u r r e n t p e r i o d i n f o r m a t i o n f l o w s w h i c h a re 

e s s e n t i a l to t h e i r t h e o r i e s . There i s i n s i g n i f i c a n t c o r r e l a t i o n between 

i n n o v a t i o n s i n nomina l money and i n n o v a t i o n s i n the r e a l r a t e . T h i s f i n d i n g 

i m p l i e s t h a t , c o n t r a r y to the L u c a s - B a r r o m o d e l s , the e x p e c t a t i o n s h e l d by a 

r e p r e s e n t a t i v e t r a d e r about the r e a l r a t e would not be m a t e r i a l l y a f f e c t e d by 

i n f o r m a t i o n about c u r r e n t p e r i o d monetary i n n o v a t i o n s . T a b l e VI c o n f i r m s t he 

f i n d i n g tha t monetary i n n o v a t i o n s do no t s t r o n g l y feed i n t o the r e a l r a t e 

s e r i e s , e x p l a i n i n g o n l y 8 .63 p e r c e n t of the 48-month h o r i z o n f o r e c a s t v a r i a n c e 

of ex an te r e a l r a t e s and o n l y .36 p e r c e n t of the f o r e c a s t v a r i a n c e of ex pos t 

r e a l r a t e s . 

I I I . T e s t s of S p e c i f i c Hypo theses 

The p r e c e d i n g d e s c r i p t i v e e m p i r i c a l f i n d i n g s c a s t doubt on the 

m o n e y - i n t e r e s t - o u t p u t l i n k sugges ted by K e y n e s i a n a n a l y s i s . Not o n l y d i d the 

r e a l r a t e f a i l t o r e f l e c t any s y s t e m a t i c i n f l u e n c e from money or p r i c e s , but 

ou tpu t appeared to respond to changes i n expec ted i n f l a t i o n i n a way not 

c o n s i s t e n t w i t h most demand-d r i ven models o f o u t p u t . I n t h i s s e c t i o n we 

propose to t e s t s p e c i f i c r e s t r i c t i o n s to examine more c l o s e l y these anomolous 

r e s u l t s . 
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A . I s the R e a l Ra te Exogenous? 

A c e n t r a l f e a t u r e of K e y n e s i a n IS -LM a n a l y s i s i s the i dea t h a t 

changes i n the demand o r s u p p l y of nom ina l b a l a n c e s can change the r e a l i n t e r 

e s t r a t e . K e y n e s i a n t h e o r y a c h i e v e s t h i s c o n n e c t i o n by i n v o k i n g s l u g g i s h 

nomina l p r i c e a d j u s t m e n t s i n n o n f i n a n c i a l m a r k e t s , p a r t i c u l a r l y the l a b o r 

marke t . We propose to t e s t t h i s m o n e y - r e a l i n t e r e s t r a t e s t r u c t u r a l l i n k by 

t e s t i n g the a l t e r n a t i v e h y p o t h e s i s t h a t the r e a l r a t e i s governed o n l y by i t s 

own pas t h i s t o r y w i t h no s e p a r a t e i n f l u e n c e coming from money, p r i c e s , or 

i ncome. A l t h o u g h t h i s h y p o t h e s i s i s not an i m p l i c a t i o n of any p a r t i c u l a r 

a l t e r n a t i v e to the K e y n e s i a n t h e o r y , i t i s i n c o m p a t i b l e w i t h models of t h i s 

s o r t excep t f o r some v e r y r e s t r i c t i v e and e c o n o m i c a l l y u n i n t e r e s t i n g s p e c i a l 

c a s e s . 

C o n s i d e r the f o l l o w i n g I S - L M model 

is y c - - V t + V * ! > 0 

M 
LM —— • a y - a ( r +IT) + f_ a . > 0, a , > 0 (1) p^ i t l t t T I i 

where r t i s the r e a l r a t e and IÎ  i s expec ted i n f l a t i o n , r e p r e s e n t s a l l 

exogenous spend ing ( i n c l u d i n g government spend ing and v a r i a t i o n s i n d e s i r e d 

i nves tmen t not r e l a t e d to i n t e r e s t r a t e movements) , <?t r e p r e s e n t s random 

i n f l u e n c e s on r e a l money demand ( the s t a t e of " l i q u i d i t y p r e f e r e n c e " ) . The 

reduced form e q u a t i o n s f o r the endogenous v a r i a b l e s r t , y t a r e g i v e n by 

r t " Vt + W V + Vt 

*t= V t + V v W t (2 ) 
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where 

-1 _ a 2 
Y i v a i B r Y z v a i s r Y s a 2 + c t i 6 i 

a 2 g l ha2 M t 
y 4 v a i e r Y 5 W i ' a n d Y e " w r m t " p t * 

Under what a u x i l i a r y hypo theses can e q u a t i o n (1) be c o m p a t i b l e w i t h the f i n d 

i n g t h a t 

E ( r t + l , r t - s ' s > 0 ) = E ( r t + l | r t - s ' M t - s ' P t - s ' Y t - s ' S > 0 ) ? 

One p o s s i b i l i t y i s t h a t , ove r the obse rved samp le , i t was the d e l i b 

e r a t e o b j e c t i v e of Fed p o l i c y to se t expec ted r e a l r a t e s i n such a way t h a t 

the two hypo theses a re o b s e r v a t i o n a l l y e q u i v a l e n t . T h i s might a r i s e , f o r 

2 
example , i f the p o l i c y o b j e c t i v e was to m i n i m i z e E ( Y ^ - y ) , by s e t t i n g r t = 

•5^" (y - e , . )« I f % f o l l o w e d a u n i v a r i a t e a u t o r e g r e s s i v e p r o c e s s , then so would 
1 

r,.. A l t h o u g h we cannot r e j e c t t h i s p o s s i b i l i t y a p r i o r i , i t i s u n l i k e l y tha t 

d e s i r e d i n t e r e s t r a t e t a r g e t s c o u l d be e x p r e s s e d i n terms of any s i n g l e f a c 

t o r , l e t a lone the pas t h i s t o r y on i n t e r e s t r a t e s . I t c e r t a i n l y appea rs as i f 

p o l i c y has aimed f o r bo th p r i c e and ou tpu t s t a b i l i t y . S i n c e p r i c e s and ou tpu t 

e x h i b i t some independent v a r i a t i o n s , i t i s i m p l a u s i b l e to take the f i n d i n g 

tha t the r e a l r a t e i s exogenous as i n d i c a t i v e of a p a r t i c u l a r p o l i c y r e a c t i o n 

f u n c t i o n . 

Ano the r p o s s i b i l i t y wh ich c o u l d e x p l a i n the l a c k of any i n f l u e n c e 

from past money, p r i c e s , and ou tpu t on c u r r e n t ex an te r e a l r a t e s i s t ha t the 

IS curve i s h o r i z o n t a l . T h i s would be t rue i f 3 . , the i n t e r e s t s e n s i t i v i t y of 

demand, were i n f i n i t e , so tha t v a r i a t i o n s i n money s u p p l y or demand a f f e c t e d 
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o n l y ou tpu t w i t h o u t a measurab le impact on i n t e r e s t r a t e s . T h i s p o s s i b i l i t y 

i s both h i g h l y i m p l a u s i b l e i n a month ly sys tem and i s e a s i l y r e j e c t e d by 

subsequent f i n d i n g s . 

S t i l l a t h i r d p o s s i b i l i t y , l e s s e a s i l y d i s m i s s a b l e , i s t h a t ove r the 

sample p e r i o d most v a r i a t i o n s i n money s u p p l y , m t , were p a s s i v e r e s p o n s e s to 

4> t, money demand s h o c k s . Under t h i s h y p o t h e s i s t h e r e would be no added e x 

p l a n a t o r y power from pas t money to f u t u r e r e a l r a t e s . A g a i n , t h i s h y p o t h e s i s 

d e n i e s any d e l i b e r a t e a t tempt on b e h a l f o f the Fed f o r c o n t r o l l i n g r e a l r a t e s , 

e x c e p t i n s o f a r as i n t e r e s t r a t e t a r g e t s depend o n l y on l agged v a l u e s . A more 

p r o s a i c i n t e r p r e t a t i o n would a rgue tha t p o l i c y - i n d u c e d i n t e r e s t r a t e v a r i a 

t i o n s have been s u f f i c i e n t l y s m a l l compared w i t h exogenous money demand s h i f t s 

so tha t our p rocedure cannot d i s t i n g u i s h t h i s p o s s i b i l i t y f rom e r r o r s due to 

sample v a r i a t i o n . 

These p o s s i b i l i t i e s , w h i l e be i ng n e i t h e r i r u t u a l l y e x c l u s i v e nor 

e x h a u s t i v e , seem s u f f i c i e n t l y r e s t r i c t i v e , so tha t f a i l u r e to r e j e c t the 

h y p o t h e s i s tha t the r e a l r a t e i s exogenous c a s t s doubt on the K e y n e s i a n n o t i o n 

t h a t monetary p o l i c y can a f f e c t the r e a l r a t e . 

The ex an te r e a l r a t e i s u n o b s e r v a b l e . To t e s t the h y p o t h e s i s tha t 

the r e a l r a t e i s exogenous r e q u i r e s an a u x i l i a r y h y p o t h e s i s of how agen ts 

f o r e c a s t f u t u r e p r i c e s . K e y n e s i a n t h e o r y i s n o t i c e a b l y vague about the p r o 

cess of e x p e c t a t i o n s f o r m a t i o n . We propose to i d e n t i f y Che p r o j e c t i o n of 

f u t u r e p r i c e s on c u r r e n t and lagged endogenous v a r i a b l e s w i t h the e x p e c t a t i o n s 

he ld by a r e p r e s e n t a t i v e a g e n t . I f we have s u c c e s s f u l l y c a p t u r e d the a v a i l 

a b l e i n f o r m a t i o n s e t , and we assume s t r u c t u r a l s t a b i l i t y , then such p r o j e c 

t i o n s a re e q u i v a l e n t to " r a t i o n a l e x p e c t a t i o n s " of the type f i r s t p roposed bv 

Mu th . The assump t i on tha t a l l c u r r e n t p e r i o d agg rega te outcomes a re a v a i l a b l e 

to agents when fo rm ing t h e i r e x p e c t a t i o n s i m p l i e s t h a t t h i s t e s t cannot pass 
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on the e m p i r i c a l v a l i d i t y o f models wh ich e x p l i c i t l y p o s i t b a r r i e r s to i n f o r 

ma t i on f l o w s . 

The h y p o t h e s i s tha t the ex an te r e a l r a t e of i n t e r e s t , r t , i s a 

f u n c t i o n of o n l y i t s own lagged v a l u e s , a c o n s t a n t t e rm , and an u n c o r r e l a t e d 

random e r r o r , can be w r i t t e n as f o l l o w s : 

M 
r ( t ) = I b ( j ) r ( t - j ) + c + u ( t ) . (3 ) 

j - l 

The a s s u m p t i o n of r a t i o n a l e x p e c t a t i o n s i m p l i e s 

r ( t ) = R ( t ) - t n ( t + l ) (4) 

where R ( t ) i s the obse rved nom ina l i n t e r e s t r a t e and t I I ( t + l ) i s the p r o j e c t i o n 

of the a n n u a l i z e d growth r a t e o f the p r i c e l e v e l f rom t t o t+1 on i n f o r m a t i o n 

a v a i l a b l e a t t ime t . 

S u b s t i t u t i o n o f (4) i n t o (3) l e a d s to the f o l l o w i n g e x p r e s s i o n f o r 

the nomina l i n t e r e s t r a t e : 

M 
R ( t ) = I b ( j ) R ( t - j ) + n ( t - i ) 

j - l 

M 
- L b ( j ) . n ( t - j+ l ) + c + u ( t ) . (5 ) 

j - l C " J 

T h i s e q u a t i o n imposes t e s t a b l e r e s t r i c t i o n s a c r o s s the a u t o r e g r e s -

s i v e r e p r e s e n t a t i o n f o r R ( t ) , H ( t ) , and the o t h e r v a r i a b l e s , Z ( t ) , i n the 

i n f o r m a t i o n se t i n d i v i d u a l s use i n p r o j e c t i n g f u t u r e v a l u e s of H. 

Suppose a f i n i t e o r d e r a u t o r e g r e s s i v e r e p r e s e n t a t i o n e x i s t s f o r the 

k - v e c t o r 
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X ' ( t ) = [ R ( t ) l T ( t ) Z ' ( t ) ] . 

L 
X ( t ) = I A ( * ) X ( t - £ ) + c + n ( t ) . (6 ) 

Z=l 

The i t l 1 e q u a t i o n o f t h i s r e p r e s e n t a t i o n has the s c a l a r form 

k L 
M O = I I a . .(l)x.(t-l) + c . + n . ( t ) . (7 ) 

1 j - l £=1 1 » J J 1 1 

T h u s , f o r examp le , the p r o j e c t i o n o f i n f l a t i o n d u r i n g p e r i o d t on o b s e r v a b l e s 

a t t ime t -1 i s g i v e n by 

H ( t ) = I a ( i ) R ( t - i ) + I a . (A ) I I ( t - * ) 
C 1 £=1 1=1 1 , 1 

k L 
+ 1 l a , , ( * ) Z . 9 ( t - i ) + c „ . (8 ) 

j - 3 Z=l , J J 

The r e s t r i c t i o n s i m p l i e d by (3) a re g e n e r a t e d by p r o j e c t i n g the 

q u a n t i t i e s on the r i g h t - h a n d s i d e o f (5) on i n f o r m a t i o n a v a i l a b l e a t t ime t -

1. By a d v a n c i n g the t ime s u b s c r i p t i n (8) and s u b s t i t u t i n g f o r t I I ( t + l ) i n (5) 

we have 

M 
( l - a 2 ) 1 ( l ) ) R ( t ) = ^ ( b ( j ) + a 2 > 1 ( j + l ) ) R ( t - j ) 

L 
+ I a ( £ ) R ( t - * + l ) + a . „ ( l ) H ( t ) 

£=m+2 ' ' 

L 
+ I a , Al)J[(t-i+l) 

1=2 
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K L 
+ I [a ( 1 )Z ( t ) + I a . Xl)Z . ( t - * + l ) J + c + c _ . (9) 

Rep lacement of the term II(t) w i t h the p r o j e c t i o n (8) and s i m i l a r 

e x p r e s s i o n s f o r the Z . . ( t ) ' s l e a d s to a reduced form p r o j e c t i o n f o r R ( t ) on 

o b s e r v a b l e s a t t - 1 , the c o e f f i c i e n t s of wh i ch a re n o n l i n e a r f u n c t i o n s of the 

c o e f f i c i e n t s i n the a u t o r e g r e s s i v e r e p r e s e n t a t i o n f o r H and Z . 

In the sys tem r e p o r t e d be low i n T a b l e V I I , we have M=l , L - 3 , and k=4 

w i t h Z ' = [Y Ml ] where Y i s i n d u s t r i a l p r o d u c t i on and Ml i s the money s t o c k , 

M1B. 

The c o n s t a n t i n the f i r s t e q u a t i o n , the b ( j ) ' s and a l l c o e f f i c i e n t s 

i n the o t h e r e q u a t i o n s a re the f r e e pa ramete rs i n the maximum l i k e l i h o o d 

e s t i m a t i o n . 

The r e s u l t of t h i s h y p o t h e s i s t e s t i s c o n s i s t e n t w i t h our i n t e r p r e 

t a t i o n of the e v i d e n c e i n the i m p u l s e response f u n c t i o n s r e p o r t e d i n S e c t i o n 

I I . A s t r o n g (because i t i n v o l v e s o n l y one l a g ) v e r s i o n of the t e s t of e x o g -

e n e i t y of the r e a l r a t e l e a d s to the h y p o t h e s i s not b e i n g r e j e c t e d . 

I t I s r e v e a l i n g to compare the response of the r e a l r a t e to i n n o v a 

t i o n s i n each of the f o u r v a r i a b l e s i n both the u n r e s t r i c t e d sys tem and the 

f i r s t r e s t r i c t e d sys tem ( F i g u r e V I ) . B a s i c a l l y , o n l y the response to ou tpu t 

i n n o v a t i o n s and the contemporaneous c o r r e l a t i o n of nomina l i n t e r e s t r a t e 

i n n o v a t i o n s w i t h the r e a l r a t e a re a l t e r e d by the r e s t r i c t i o n t h a t the r e a l 

r a t e i s exogenous . 

N o t i c e tha t s i n c e bo th i n f l a t i o n and the r e a l r a t e have p e r s i s t e n t 

components , the s t r o n g n e g a t i v e contemporaneous c o r r e l a t i o n between r e a l r a t e s 

and i n n o v a t i o n s i n i n f l a t i o n i s enough to e x p l a i n the n e g a t i v e c o r r e l a t i o n 

between i n f l a t i o n l e v e l s and f u t u r e r e a l r a t e s obse rved by Summers (1980) and 

M i s h k i n ( 1 9 8 0 ) : Our i n t e r p r e t a t i o n of t h i s phenomenon d i f f e r s , however , f rom 



t ha t of Summers who a rgues tha t money i l l u s i o n i s " t h e most p l a u s i b l e e x p l a n a 

t i o n f o r the nonresponse of i n t e r e s t r a t e s to i n f l a t i o n . " S i n c e the r e s u l t i s 

c o m p a t i b l e w i t h an economic s t r u c t u r e i n wh ich t h e r e i s no feedback f rom 

p r i c e s and money to r e a l i n t e r e s t r a t e s , we c o n c l u d e tha t s h o r t - r u n changes i n 

both r e a l r a t e s and i n f l a t i o n can be a t t r i b u t e d to the same, as ye t u n i d e n 

t i f i e d , random f a c t o r . 

B. What Causes Output 

An i m p o r t a n t q u e s t i o n a d d r e s s e d by most b u s i n e s s c y c l e t h e o r i e s i s 

the t r a n s m i s s i o n mechanism between f i n a n c i a l v a r i a b l e s and r e a l v a r i a b l e s . 

The impor tance of money f o r p r e d i c t i n g ou tpu t was demons t ra ted by Sims i n 1972 

i n a b i v a r i a t e system and was g e n e r a l l y t a k e n as e v i d e n c e of r e a l e f f e c t s o f 

p u r e l y monetary phenomena. E x p l a i n i n g t h i s r e l a t i o n s h i p has o c c u p i e d a c e n 

t r a l r o l e of r ecen t t h e o r e t i c a l d e v e l o p m e n t s . Modern t h e o r i e s sha re w i t h 

K e y n e s i a n theo ry the i d e a t h a t monetary phenomena a f f e c t r e a l v a r i a b l e s by 

a l t e r i n g p e r c e p t i o n s of r e a l i n t e r e s t r a t e s . G i v e n the d e s c r i p t i v e r e s u l t s i n 

S e c t i o n I I i n wh ich r e a l r a t e i n n o v a t i o n s appear s i g n i f i c a n t l y l e s s u s e f u l f o r 

p r e d i c t i n g output than nom ina l i n t e r e s t r a t e i n n o v a t i o n s , we a r e l e d to q u e s 

t i o n the u s e f u l n e s s of both K e y n e s i a n and e q u i l i b r i u m t h e o r i e s f o r e x p l a i n i n g 

the obse rved c o r r e l a t i o n s between nom ina l and r e a l v a r i a b l e s . 

We f i r s t c o n f i r m S i m s ' f i n d i n g t h a t i n d u s t r i a l p r o d u c t i o n i s not 

c o m p l e t e l y exogenous i n a f o u r v a r i a b l e v e c t o r a u t o r e g r e s s i o n w i t h n o m i n a l 

r a t e s , money, and p r i c e s . We then go on to t e s t whether these obse rved 

e f f e c t s from nomina l q u a n t i t i e s can be e x p l a i n e d th rough th ree l a g s of the 

r e a l r a t e . In l i g h t of the p r e v i o u s l y a c c e p t e d h y p o t h e s i s tha t the r e a l r a t e 

i s exogenous , a c c e p t a n c e of these i m p l i e d r e s t r i c t i o n s would i n d i c a t e t h a t 

r e a l r a t e s and ou tpu t are b l o c k exogenous . T h i s r e s t r i c t i o n a g a i n i n v o l v e s an 

u n o b s e r v a b l e and thus i s imposed th rough a se t of n o n l i n e a r c r o s s - e q u a t i o n 
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r e s t r i c t i o n s . In l i g h t of the S e c t i o n I I r e s u l t s , i t i s no t s u r p r i s i n g t h a t 

t h i s h y p o t h e s i s may be r e j e c t e d . 

The next two h y p o t h e s e s examined a re not i m p l i c a t i o n s of any com

p l e t e l y a r t i c u l a t i n g t h e o r y , but a re des i gned to c o n f i r m the d e s c r i p t i v e 

r e s u l t s p r e s e n t e d i n the p r e v i o u s s e c t i o n . We f i r s t t e s t whe ther a l l l agged 

f i n a n c i a l e f f e c t s can be f i l t e r e d th rough t h r e e lagged l e v e l s of nom ina l 

i n t e r e s t r a t e s . T h i s h y p o t h e s i s cannot be r e j e c t e d . However , s i n c e money and 

p r i c e s have p r e d i c t i v e c o n t e n t f o r nom ina l i n t e r e s t r a t e s , we can r e j e c t our 

f i f t h h y p o t h e s i s tha t income and nom ina l r a t e s a re b l o c k exogenous i n a f o u r 

v a r i a b l e s y s t e m . T h u s , we cannot c o n c l u d e from these t e s t s a l o n e t h a t money 

has no p r e d i c t i v e con ten t f o r ou tpu t pas t a o n e - p e r i o d f o r e c a s t h o r i z o n . 

Our s i x t h h y p o t h e s i s i s d e s i g n e d to a s s e s s the impor tance of money 

f o r p r e d i c t i n g ou tpu t a t any f o r e c a s t h o r i z o n . S p e c i f i c a l l y , we t e s t whether 

th ree l a g s of nomina l i n t e r e s t r a t e i n n o v a t i o n s a re s u f f i c i e n t to c a p t u r e a l l 

l agged f i n a n c i a l e f f e c t s . S i n c e nom ina l i n t e r e s t r a t e i n n o v a t i o n s a r e , by 

c o n s t r u c t i o n , o r t h o g o n a l to a l l pas t v a r i a b l e s , t h i s i s a t e s t o f b l o c k e x o g -

e n e i t y of ou tpu t and nom ina l i n t e r e s t r a t e i n n o v a t i o n s i n a f o u r v a r i a b l e 

a u t o r e g r e s s i v e s y s t e m . We cannot r e j e c t t h i s h y p o t h e s i s . In the nex t s e c t i o n 

we p resen t a s t r u c t u r a l model w h i c h i s c o n s i s t e n t w i t h these f i n d i n g s . 

TEST PROCEDURES 

The t e s t of the h y p o t h e s i s t h a t i n d u s t r i a l p r o d u c t i o n i s exogenous 

i s the e a s i e s t to implement because i t does not i n v o l v e any u n o b s e r v a b l e 

q u a n t i t i e s . I n f a c t , the l i k e l i h o o d r a t i o t e s t o f the e q u a t i o n 

L 
Y ( t ) = I b ( A ) Y ( t - t ) + c + u ( t ) (10) 

1=1 
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r e l a t i v e to the c o r r e s p o n d i n g e q u a t i o n i n an u n r e s t r i c t e d v e c t o r a u t o r e g r e s -

s i v e system i s e q u i v a l e n t to the l i k e l i h o o d r a t i o t e s t of the e n t i r e sys tem 

w i t h and w i t h o u t the ou tpu t e q u a t i o n so r e s t r i c t e d . T h i s r e s u l t i s shown by 

Doan (1980) u s i n g r e s u l t s i n Revankar ( 1 9 7 4 ) . 

The h y p o t h e s i s tha t Y i s a f u n c t i o n o n l y of l agged Y ' s , t h r e e l a g s 

o f the r e a l r a t e , a c o n s t a n t , and an u n c o r r e l a t e d random e r r o r l e a d s to n o n 

l i n e a r , c r o s s - e q u a t i o n r e s t r i c t i o n s . T h i s h y p o t h e s i s can be w r i t t e n a s 

L L 
Y ( t ) = I b ( £ ) Y ( t - £ ) + I d ( £ ) r ( t - £ ) + c + u . (11) 

1-1 1=1 C 

R e p l a c i n g r ( t ) w i t h R ( t ) - t I I ( t + l ) and s u b s t i t u t i n g f o r t I l ( t + l ) l e a d s t o ^ / 

L L 
Y ( t ) = I b ( £ ) Y ( t - £ ) + c + I d ( £ ) R ( t - £ ) 

1=1 1=1 

L L 
- I d ( £ ) { I [ a . _ ( m ) Y ( t - £ - m ) + a , , ( r a ) R ( t - £ - m ) 

1=1 m-1 ' J , J 

k 
+ I a . , ( m ) Z . , ( t - £ - m ) ] } + u ( t ) . (12) 

j=4 3 » J J _ : > 

In the sys tem r e p o r t e d i n Tab le V I I we have L=3, k=4, and Z=[M1]. 

I n t h i s sys tem the c o n s t a n t i n the f i r s t e q u a t i o n , the b ( j ) ' s , the d ( j ) ' s , and 

a l l c o e f f i c i e n t s i n the o t h e r e q u a t i o n s a r e the f r e e pa ramete rs i n the maximum 

l i k e l i h o o d e s t i m a t i o n . 

The next h y p o t h e s i s t e s t , i n wh ich a nomina l i n t e r e s t r a t e r e p l a c e s 

the ex ante r e a l r a t e , i n v o l v e s o n l y o b s e r v a b l e q u a n t i t i e s , and t h e r e f o r e does 

not r e q u i r e the use of n o n l i n e a r r e s t r i c t i o n s . The r e s t r i c t e d e q u a t i o n , 

L L 
Y ( t ) = I b ( t ) Y ( M ) + I d ( 4 ) R ( t - A ) + c + u ( t ) (13) 

£=1 1=1 
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i s compared w i t h the c o r r e s p o n d i n g e q u a t i o n i n the u n r e s t r i c t e d v e c t o r a u t o 

r e g r e s s i o n . 

I n a l l o f the sys tems w i t h n o n l i n e a r c o n s t r a i n t s i n i t i a l e s t i m a t e s 

were o b t a i n e d by e s t i m a t i n g an u n r e s t r i c t e d v e c t o r a u t o r e g r e s s i o n , g e n e r a t i n g 

the i m p l i e d e x p e c t e d i n f l a t i o n and ex an te r e a l r a t e , and e s t i m a t i n g the 

r e s t r i c t e d e q u a t i o n on the b a s i s of these o b s e r v a t i o n s . T h i s p rocedu re l e a d s 

to c o n s i s t e n t e s t i m a t e s of the pa ramete rs and i s the one f o l l o w e d by B a r r o 

( 1 9 7 7 ) . I t i s not f u l l y e f f i c i e n t , however , and we p r e f e r the f u l l - i n f o r m a 

t i o n - m a x i m u m - l i k e l i h o o d (FIML) e s t i m a t e s o b t a i n e d by m i n i m i z i n g the l o g of the 

d e t e r m i n a n t of the v a r i a n c e - c o v a r i a n c e m a t r i x of r e s i d u a l s i n the c o n s t r a i n e d 

s y s t e m . A FORTRAN program u t i l i z i n g a n a l y t i c g r a d i e n t and H e s s i a n was w r i t t e n 

by L i t t e r m a n f o r t h i s p u r p o s e . 

The hypo theses a r e t e s t e d u s i n g the l i k e l i h o o d r a t i o s t a t i s t i c 

formed by t a k i n g 

( T - d f c ) l o g t d e t ! C / d e t [ u ] (14) 

where T i s the number of o b s e r v a t i o n s i n each e q u a t i o n , d f c i s a deg rees of 

f reedom c o r r e c t i o n sugges ted by Sims (1980b) e q u a l to the number of p a r a m e t e r s 

i n each e q u a t i o n of the u n r e s t r i c t e d system,—' ' £ C i s the d e t e r m i n a n t of the 

c o v a r i a n c e m a t r i x of r e s i d u a l s i n the c o n s t r a i n e d s y s t e m , and I i s the c o -

v a r i a n c e m a t r i x of r e s i d u a l s i n the u n r e s t r i c t e d s y s t e m . 

V . A P o s s i b l e E x p l a n a t i o n 

A c e n t r a l r e s u l t of t h i s paper i s t h a t t h e r e i s i n f o r m a t i o n i n the 

l e v e l o f nomina l i n t e r e s t r a t e s f o r p r e d i c t i n g f u t u r e ou tpu t wh ich i s not 

c o n t a i n e d i n h i s t o r y of pas t ou tpu t or pas t and f u t u r e expec ted r e a l i n t e r e s t 

r a t e s . A n a t u r a l q u e s t i o n i s what types of s t r u c t u r a l r e l a t i o n s h i p s c o u l d 

g i v e r i s e to t h i s f i n d i n g . 
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Two approaches seem p o s s i b l e . One of these p o i n t s to the numerous 

i n s t i t u t i o n a l f e a t u r e s of the Amer i can economy w h i c h imp l y p e r f e c t l y f o r e s e e n 

i n f l a t i o n can have r e a l and d e p r e s s i n g ou tpu t e f f e c t s . Among the l e a d i n g 

examples c i t e d i n suppo r t of t h i s v iew a re the n o n i n d e x a t i o n of the tax s y s 

tem, the n o n i n d e x a t i o n of some a d m i n i s t e r e d p r i c e s , the e f f e c t s of n o m i n a l 

i n t e r e s t r a t e c e i l i n g s , and the d i s t o r t i o n a r y e f f e c t s of t a x a t i o n of l i q u i d i t y 

s e r v i c e s . However , e a r l i e r t h e o r e t i c a l a rgumen ts , p a r t i c u l a r l y the T o b i n and 

M u n d e l l e f f e c t s , wou ld l e a d to o p p o s i t e c o n c l u s i o n s . More t roub lesome i s t h a t 

t h i s e x p l a n a t i o n l e a v e s unanswered the cause o f i n f l a t i o n r e s p o n s i b l e f o r 

income movements. The o r i g i n a l f o u r v a r i a b l e sys tem shows c l e a r l y tha t nom

i n a l i n t e r e s t r a t e i n n o v a t i o n s (and i m p l i c i t l y e x p e c t e d i n f l a t i o n i n n o v a t i o n s ) 

have a n e g a t i v e impact on the f u t u r e l e v e l o f money. T h i s response was r e p l i 

c a t e d i n an a l t e r n a t i v e sys tem where h i g h - p o w e r e d money r e p l a c e d M1B. These 

r e s u l t s show tha t movements i n the s h o r t - r u n i n f l a t i o n r a t e cannot be a s c r i b e d 

to s h o r t - t e r m movements i n ( r a t i o n a l l y ) a n t i c i p a t e d money. 

The o t h e r p o s s i b i l i t y wh ich c o u l d a c c o u n t f o r a p r e d i c t i v e c o n t e n t 

of r a t i o n a l l y a n t i c i p a t e d i n f l a t i o n f o r f u t u r e ou tpu t a rgues tha t t h i s c o r r e 

l a t i o n i s s p u r i o u s . To see how t h i s c o u l d a r i s e , c o n s i d e r the f o l l o w i n g model 

i n wh ich ou tpu t i s i ndependen t of the money s u p p l y p r o c e s s 

Yt+1 = Yt + Zt + ut+l <15) 

M t - P t = m l U t - m 2 R t (16) 

R t '= P t+1 - P t + r t < 1 7> 

rt = Xrt-i + V ( 1 8 ) 
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The c r u c i a l f e a t u r e of t h i s model i s t h a t t h e r e i s some i n f o r m a t i o n summar ized 

i n Z t w h i c h i s knowable to agen t s i n the economy and i s u s e f u l f o r p r e d i c t i n g 

f u t u r e o u t p u t , but i s not d i r e c t l y o b s e r v a b l e to the e c o n o m e t r i c i n v e s t i 

g a t o r . I f the model i s c l o s e d by s p e c i f y i n g a money s u p p l y p r o c e s s 

M t = 0 (19) 

g i v e n tha t Z^, u f c a r e s e r i a l l y i n d e p e n d e n t , i t i s s t r a i g h t f o r w a r d to show 

t h a t the s o l u t i o n f o r nom ina l i n t e r e s t r a t e s i s 

-m 
R t " ( - H ^ ) z t + < m , 2 ( i - A ) > V ( 2 0 ) 

and the s o l u t i o n f o r nom ina l i n t e r e s t r a t e i n n o v a t i o n s , R t - E R t = R t i s g i v e n 

by 

K • ( T f m 7 ) Z t + (l+m Jl-A)>V <21> 

T h i s model shows c l e a r l y t h a t nom ina l i n t e r e s t r a t e i n n o v a t i o n s or 

expec ted i n f l a t i o n i n n o v a t i o n s w i l l be c o r r e l a t e d w i t h " Z " i n n o v a t i o n s , and 

t he reby w i l l be u s e f u l f o r p r e d i c t i n g ou tpu t when Z t i s not obse rved d i r e c t 

l y . T h i s o c c u r s d e s p i t e the l a c k of any s t r u c t u r a l f eedback from p a s t , c u r 

r e n t , or f u t u r e money or p r i c e s to o u t p u t . An argument s i m i l a r to t h i s has 

been sugges ted by Fama ( c f . 1980) to e x p l a i n bo th the pos twar U . S . i n f l a t i o n 

e x p e r i e n c e and the obse rved n e g a t i v e c o r r e l a t i o n between r e a l s t o c k r e t u r n s 

w i t h bo th a n t i c i p a t e d and u n a n t i c i p a t e d i n f l a t i o n . 

I t would not be too d i f f i c u l t t o append t h i s model to e x p l a i n o t h e r 

c h a r a c t e r i s t i c f e a t u r e s of the d a t a . Chang ing the money s u p p l y p r o c e s s t o 
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M t = M f c_j - * i ( p

t + i ~ p

t ) c o u l d accoun t f o r the p r e d i c t i v e c o n t e n t of n o m i n a l 

money i n a b i v a r i a t e sys tem i n a way wh ich i s c o n s i s t e n t w i t h the b l o c k e x o -

g e n e i t y of income and i n t e r e s t r a t e i n n o v a t i o n s i n the c o n t e x t o f a l a r g e r 

s y s t e m . A " P h i l l i p s C u r v e " r e l a t i o n s h i p — a p o s i t i v e c o r r e l a t i o n between ex 

pos t i n f l a t i o n and ex pos t ou tpu t g r o w t h — c o u l d be made c o m p a t i b l e w i t h t h i s 

economic s t r u c t u r e i f money s u p p l y expanded w i t h unexpec ted ou tpu t shocks 

( i . e . , M t = M t _ 1 + X 2 u t ) . 

These two h y p o t h e s e s have d i f f e r e n t i m p l i c a t i o n s f o r the d e s i r 

a b i l i t y and f e a s i b i l i t y o f p o l i c y - i n d u c e d a t t emp ts to l ower i n f l a t i o n by 

chang ing the pa th of nom ina l money s u p p l y . The f i r s t h y p o t h e s i s , e m p h a s i z i n g 

the s t r u c t u r a l n o n n e u t r a l i t i e s of i n f l a t i o n , would imp l y t h a t such a p o l i c y i s 

d e s i r a b l e , but admi ts t h a t o t h e r , as y e t u n i d e n t i f i e d , nonmonetary f a c t o r s 

have been dominant f o r c a u s i n g changes i n s h o r t - r u n i n f l a t i o n a r y e x p e c t a 

t i o n s . The second h y p o t h e s i s , wh ich a rgues tha t the r e l a t i o n s h i p i s e s s e n 

t i a l l y s p u r i o u s , would imp l y t h a t such a p o l i c y i s f e a s i b l e but wou ld no t 

n e c e s s a r i l y have any r e a l b e n e f i t s . 

U n f o r t u n a t e l y , the e v i d e n c e to d i s t i n g u i s h between these h y p o t h e s e s 

i s amb iguous . F a v o r i n g the v iew tha t t h i s i s a s p u r i o u s r e l a t i o n s h i p i s our 

i n a b i l i t y to r e j e c t H y p o t h e s i s V I , wh ich i m p l i e s tha t ou tpu t and i n t e r e s t r a t e 

i n n o v a t i o n s a r e b l o c k exogenous . S i n c e we know t h a t l agged money and p r i c e s 

have some a d d i t i o n a l p r e d i c t i v e con ten t f o r f u t u r e i n f l a t i o n , t h i s t e s t would 

seen to deny a s t r u c t u r a l l i n k between i n f l a t i o n l e v e l s and o u t p u t . A g a i n s t 

t h i s v iew i s the r e s u l t of H y p o t h e s i s V I I I , wh ich t e s t s whether ou tpu t and 

expec ted i n f l a t i o n i n n o v a t i o n s a re b l o c k exogenous . T h i s h y p o t h e s i s i s r e 

j e c t e d a t the 5 pe rcen t s i g n i f i c a n c e l e v e l . E v i d e n c e t h a t the l e v e l o f e x 

pec ted i n f l a t i o n a f f e c t s ou tpu t (as opposed to the unexpec ted change i n the 

l e v e l o f expec ted i n f l a t i o n ) comes from compar ing the r e s u l t s f rom H y p o t h e s i s 
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IV (ou tpu t i s governed by i t s own h i s t o r y and lagged nom ina l i n t e r e s t r a t e 

l e v e l s ) w i t h H y p o t h e s i s VI ( ou tpu t i s governed by i t s own h i s t o r y and l agged 

nomina l i n t e r e s t r a t e i n n o v a t i o n s ) and s i m i l a r l y compar ing the r e s u l t s o f 

H y p o t h e s i s V I I w i t h Hypo theses V I I I , wh i ch r e p l a c e s the l e v e l and i n n o v a t i o n s 

of nomina l r a t e s w i t h the l e v e l and I n n o v a t i o n s of e x p e c t e d i n f l a t i o n , r e s p e c 

t i v e l y . I n both s e t s of r e s u l t s i t can be seen t h a t t h e r e i s more p r e d i c t i v e 

con ten t i n the t h r e e l agged l e v e l s of e i t h e r nom ina l i n t e r e s t r a t e s o r e x p e c t 

ed i n f l a t i o n than i n t h r e e lagged v a l u e s of the i n n o v a t i o n s i n t hese 

v a r i a b l e s . However , these t e s t s ' r e s u l t s might be m i s l e a d i n g i f the i n f o r m a 

t i o n go ing i n t o c u r r e n t nomina l 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 e x p e c t a t i o n s 

conce rns changes i n ou tpu t a t h o r i z o n s l a r g e r than th ree months . In t h i s c a s e 

l e v e l s of these v a r i a b l e s , wh i ch depend on pas t i n n o v a t i o n s , might have more 

e x p l a n a t o r y power i n systems where the l a g l e n g t h i s s h o r t e r than a g e n t s ' 

i n f o r m a t i o n a l h o r i z o n s . 

The t e s t s wh ich u t i l i z e l agged i n n o v a t i o n s as e x p l a n a t o r y v a r i a b l e s 

f o l l o w e s s e n t i a l l y the same e s t i m a t i o n p rocedu re as f o r those w i t h ex an te 

r e a l r a t e s . I n n o v a t i o n s i n nomina l i n t e r e s t r a t e s , f o r examp le , a re d e f i n e d 

by 

R ( t ) = R ( t ) - E [ R ( t ) | Y ( t - s ) , R ( t - s ) , M ( t - s ) , H ( t - s ) , s - 1 , 2 , 3 ] . (22) 

The e x p e c t a t i o n i s de te rm ined by the a u t o r e g r e s s i v e r e p r e s e n t a t i o n f o r R, and 

the R ' s can be s u b s t i t u t e d out i n a manner s i m i l a r to tha t i n the e a r l i e r 

t e s t s . 

I n n o v a t i o n s i n expec ted i n f l a t i o n a re d e f i n e d by 

H( t ) = E [ n ( t + l ) | Y ( t - s ) , R ( t - s ) , n ( t - s ) , M ( t - s ) , s = 0 , l , 2 ] 
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- E [ n ( t + l ) | Y ( t - s ) , R ( t - s ) , n ( t - s ) , M ( t - s ) , s = l , 2 , 3 ] . (23) 

Upon s u b s t i t u t i n g the e x p e c t a t i o n s i m p l i e d by the a u t o r e g r e s s i v e 

r e p r e s e n t a t i o n i t i s e a s i l y seen t h a t 

H ( t ) = a 3 ) 1 ( l ) Y ( t - l ) + a 3 2 ( l ) R ( t - l ) 

+ a 3 j 3 ( l ) H ( t - l ) + a 3 j 4 ( l ) M ( t - l ) . (24) 

C o n c l u s i o n 

T h i s paper has examined the e m p i r i c a l suppor t f o r a number of h y 

po theses about the m o n e y - i n t e r e s t - o u t p u t l i n k . Because the r e l e v a n t r e a l r a t e 

i s u n o b s e r v a b l e , an a p p r o p r i a t e e m p i r i c a l c o u n t e r p a r t sugges ted by a p a r t i c 

u l a r c l a s s of s t r u c t u r a l models was f o r m u l a t e d . T h i s c l a s s might be c o n s i d 

e r e d "dynamic I S - L M " w i t h r a t i o n a l e x p e c t a t i o n s . A l t h o u g h t h i s c l a s s does not 

i n c l u d e those models wh ich e x p l i c i t l y p o s i t b a r r i e r s to i n f o r m a t i o n f l o w s , 

some of our r e s u l t s bear on t h e i r e m p i r i c a l v a l i d i t y . 

The f i r s t se t of t e s t s sought to i d e n t i f y the d e t e r m i n a n t s of the 

r e a l i n t e r e s t r a t e . S p e c i f i c a l l y , we c o u l d not r e j e c t the h y p o t h e s i s tha t 

t h i s v a r i a b l e i s governed o n l y by i t s own pas t h i s t o r y , w i t h no s e p a r a t e 

i n f l u e n c e coming from money or p r i c e s . A l t h o u g h t h i s h y p o t h e s i s i s not an 

i m p l i c a t i o n of any p a r t i c u l a r a l t e r n a t i v e to the K e y n e s i a n t h e o r y , i t i s 

i n c o m p a t i b l e w i t h models of t h i s s o r t , excep t f o r some v e r y r e s t r i c t i v e and 

e c o n o m i c a l l y u n i n t e r e s t i n g s p e c i a l c a s e s . Taken l i t e r a l l y , our r e s u l t s imp l y 

tha t monetary p o l i c y has not d i s c e r n a b l y a f f e c t e d the r e a l r a t e , a l t h o u g h i t 

has c a u s a l l y i n f l u e n c e d nom ina l i n t e r e s t r a t e s . Our r e s u l t s a l s o show a 
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s t r o n g l y n e g a t i v e c o r r e l a t i o n between e x p e c t e d r e a l r a t e s and i n f l a t i o n i n n o 

v a t i o n s . S i n c e bo th i n f l a t i o n and e x p e c t e d r e a l r a t e s have some p e r s i s t e n t 

component , t h i s can e x p l a i n the w e l l - d o c u m e n t e d n e g a t i v e c o r r e l a t i o n between 

the l e v e l o f c u r r e n t p e r i o d i n f l a t i o n and r e a l r a t e s , even i n the absence of 

any s t r u c t u r a l l i n k between pas t i n f l a t i o n and f u t u r e r e a l r a t e s . 

The i n a b i l i t y to f i l t e r the obse rved i n f l u e n c e of money and n o m i n a l 

i n t e r e s t r a t e s on ou tpu t th rough e x p e c t e d r e a l r a t e s c a s t s doubt on the 

K e y n e s i a n t r a n s m i s s i o n mechanism between money and o u t p u t . The l a c k of any 

s i g n i f i c a n t c o r r e l a t i o n between money i n n o v a t i o n s and the r e a l r a t e i n n o v a 

t i o n s v i t i a t e s the case t h a t u n a n t i c i p a t e d (and u n p e r c e i v e d ) monetary i n j e c 

t i o n s cause b u s i n e s s c y c l e s by l e a d i n g to m i s p e r c e p t i o n s of the r e a l r a t e , a 

key e lement of the L u c a s - B a r r o t h e o r y . 

A c e n t r a l new r e s u l t of t h i s paper i s t ha t t h e r e i s i n f o r m a t i o n i n 

the l e v e l o f nom ina l i n t e r e s t r a t e f o r p r e d i c t i n g f u t u r e ou tpu t wh i ch i s not 

c o n t a i n e d i n the h i s t o r y of pas t ou tpu t or pas t and f u t u r e e x p e c t e d r e a l 

i n t e r e s t r a t e s . Two e x p l a n a t i o n s f o r the appa ren t p r e d i c t i v e c o n t e n t o f 

e x p e c t e d i n f l a t i o n on ou tpu t have been a d v a n c e d . The s t r u c t u r a l i s t i n t e r p r e 

t a t i o n f o c u s e s on n o n n e u t r a l i t i e s of v a r i o u s ( n o n o p t i m a l ) i n s t i t u t i o n a l n o m i 

n a l r i g i d i t i e s , but l e a v e s unanswered the causes of changes i n i n f l a t i o n . The 

o t h e r h y p o t h e s i s a rgues t h a t ou tpu t i s s t r u c t u r a l l y exogenous to money and 

p r i c e s , but t h a t new i n f o r m a t i o n i s f i r s t r e f l e c t e d i n expec ted i n f l a t i o n and 

i n t e r e s t r a t e s . 
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Append ix A 

DATA 

The f o u r d a t a s e r i e s used i n t h i s s tudy a re m o n t h l y , s e a s o n a l l y 

a d j u s t e d , o b s e r v a t i o n s from 1948:1 to 1 9 8 0 : 9 . The f i r s t t h r e e s e r i e s were 

taken from the C i t i b a n k Data Base i n F e b r u a r y 1981. These s e r i e s a r e the 

I n d u s t r i a l P r o d u c t i o n I n d e x , I P , the Consumer P r i c e Index L e s s S h e l t e r , PU106, 

and the money s t o c k , FM1B. T h i s l a s t s e r i e s i s a v a i l a b l e o n l y s t a r t i n g i n 

1 9 5 9 : 1 . In o r d e r to ex tend i t back to 1948:1 FM1B was r e g r e s s e d on the o l d M l 

s e r i e s and a c o n s t a n t . T h i s s p e c i f i c a t i o n was then used to ex tend FM1B from 

1948:1 to 1 9 5 8 : 1 2 . The f o u r t h s e r i e s , B I L L S 1 , i s the r a t e on T r e a s u r y b i l l s 

w i t h one-month m a t u r i t y d e s c r i b e d i n f o o t n o t e 3 . 

A l l s e r i e s were l ogged and the s e r i e s f o r H y p o t h e s i s I were d e f i n e d 

by 

R ( t ) = l o g [ l . + B I L L S l ( t ) / 1 0 0 . ] * 100. 

n(t) - [ l o g PU106 ( t ) - l o g P U 1 0 6 ( t - l ) ] * 1200. 

Y ( t ) = [ l o g I P ( t ) - l o g I P ( t - l ) ] * 1200. 

M l ( t ) = [ l o g F M l B ( t ) - l o g F M l B ( t - l ) ] * 1200. 

The s e r i e s f o r the o t h e r h y p o t h e s e s a re the same e x c e p t tha t Y ( t ) = 

l o g IP ( t ) and M l ( t ) =• l o g F M l B ( t ) r a t h e r than the f i r s t - d i f f e r e n c e d forms 

used above . 

I n t e r p r e t a t i o n of Impulse Response Graphs 

The graphs of impu lse response f u n c t i o n s i n t h i s paper a re the r e 

sponses to o r t h o g o n a l i z e d i n n o v a t i o n s . In some c a s e s we p l o t the r e s p o n s e s of 

a l l v a r i a b l e s i n the sys tem to a p a r t i c u l a r i n n o v a t i o n , i n o t h e r c a s e s we p l o t 

the response of a p a r t i c u l a r v a r i a b l e to a l l i n n o v a t i o n s . I n both c a s e s the 
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o r d e r i n g of the o r t h o g o n a l i z a t i o n i s g i v e n by the a l p h a b e t i c a l o r d e r i n g of the 

r e s p o n s e s i n the g r a p h . G i v e n the r e l a t i v e l y s m a l l contemporaneous c o r r e l a 

t i o n i n these month ly d a t a , the obse rved impu lse responses a r e p r o b a b l y not 

too s e n s i t i v e to the o r d e r i n g . A l l g raphs have n o r m a l i z e d the r e s p o n s e s i n 

terms of s t a n d a r d d e v i a t i o n s of the v a r i a b l e ' s i n n o v a t i o n s . The s c a l e f o r t he 

g raph i s g i v e n a t the t o p . The mon th l y r e s p o n s e s a re d i s p l a y e d over the f o u r -

year h o r i z o n . 

The response f u n c t i o n s a r e based on the moving ave rage r e p r e s e n t a 

t i o n of a v e c t o r t ime s e r i e s . A more ex tended d i s c u s s i o n and f u r t h e r a p p l i c a 

t i o n of t h i s t e c h n i q u e may be found i n Sa rgen t ( 1 9 7 8 ) . The e x a c t p r o c e d u r e i s 

g i v e n i n Doan and L i t t e r m a n ( 1 9 8 0 ) . The o r t h o g o n a l d e c o m p o s i t i o n of v a r i a n c e 

o r " i n n o v a t i o n a c c o u n t i n g " used i n S e c t i o n s I and I I i s based on the same 

moving average r e p r e s e n t a t i o n . The d e t a i l s a re g i v e n i n the a b o v e - m e n t i o n e d 

r e f e r e n c e s . 
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F o o t n o t e s 

-i-'Fama and G ibbons r e p o r t t h a t "The r a t i o of the v a r i a n c e of changes 
i n the month ly e x p e c t e d r e a l r e t u r n , to the v a r i a n c e of the change i n the 
month ly expec ted i n f l a t i o n r a t e i s about . 2 , w h i l e the c o r r e s p o n d i n g q u a r t e r l y 
r a t i o i s . 2 5 . " 

2 / 
— We a l s o e s t i m a t e d a number of l a r g e r systems i n c l u d i n g (not a l l a t 

one t ime) i n v e n t o r i e s , r e t a i l s a l e s , r e a l wages, wage s e t t l e m e n t s , MIA, the 
monetary b a s e , a s t o c k p r i c e i n d e x , the unemployment r a t e , 1 0 - y e a r bond 
y i e l d s , and a t r a d e - w e i g h t e d i ndex of the v a l u e of the d o l l a r . The q u a l i t a 
t i v e b e h a v i o r of the ou tpu t response to i n t e r e s t r a t e i n n o v a t i o n s d e s c r i b e d 
above appeared i n e v e r y sys tem e s t i m a t e d . 

—^The da ta a re f rom Salomon B r o t h e r s . However , p r i o r to 1964 S a l o 
mon B r o t h e r s r e p o r t s midmonth y i e l d s , and a f t e r 1977 the d a t a a r e taken f rom 
the U . S . T r e a s u r y B u l l e t i n , wh i ch r e p o r t s y i e l d s on the l a s t t r a d i n g day of 
the p r e v i o u s month. 

—^The s u b s c r i p t s here r e f e r to an a u t o r e g r e s s i v e r e p r e s e n t a t i o n as 
i n (6) where X£ i s now [ Y ^ n ^ ] . 

—'''The c o r r e c t i o n made l i t t l e d i f f e r e n c e i n the r e s u l t s r e p o r t e d he re 
s i n c e T = 389 and d fc = 13 . 
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T a b l e I 
D e c o m p o s i t i o n of V a r i a n c e 

(1949 :1 to 1980 :9 ) 

Month 

1 

13 

25 

37 

49 

FM1B 

1.5 

9 .7 

6.3 

5.2 

4 .4 

Four V a r i a b l e 
PU106 IP 

.3 

5 .4 

9 .9 

9 .2 

9 .9 

98 .2 

6 9 . 2 

4 9 . 3 

4 6 . 7 

4 6 . 5 

FYGM3 

0 

15 .7 

3 4 . 4 

3 9 . 0 

39 .2 

FM1B 

1.4 

28 .6 

34 .2 

34 .1 

3 3 . 7 

Three V a r i a b l e 
PU106 

.2 

8 .4 

18 .9 

19 .1 

17 .0 

IP 

9 8 . 5 

6 3 . 6 

4 6 . 9 

4 6 . 7 

49 .2 
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T a b l e I I 
V a r i a n c e - C o v a r i a n c e M a t r i x of I n n o v a t i o n s 

(1955 :1 to 1980:9) 

FYGM3 RLRATE I N F L e IP FM1B 

FYGM3 .25322 .15875 .09440 .000600 - . 0 0 0 2 6 0 0 

RLRATE .22100 2 .03000 - 1 . 8 7 6 4 0 .001050 - . 0 0 0 0 9 3 0 

I N F L e 

i 
.13372 - . 9 3 6 9 3 1.97400 - . 0 0 0 4 5 7 - . 0 0 0 1 6 8 0 

IP .12821 .12821 - . 1 2 8 2 1 .000086 .0000024 

FM1B - . 1 5 9 9 6 - . 0 2 0 0 0 - . 0 3 6 9 1 .079500 .0000106 

Numbers beneath d i a g o n a l a r e c o r r e l a t i o n s . 
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T a b l e I I I 
D e c o m p o s i t i o n of the V a r i a n c e o f 

I n d u s t r i a l P r o d u c t i o n a t V a r i o u s F o r e c a s t 
H o r i z o n s U s i n g Ex Ante I n f l a t i o n and Ex Ante R e a l Ra tes 

(1955 :1 to 1980 :9 ) 

Month 

12 

24 

36 

48 

INFL 

11 .18 

15 .43 

16 .33 

16.61 

RR 
FYGM3 

9 .10 

26 .28 

35 .49 

4 0 . 4 0 

IP 

78 .35 

53 .69 

41 .91 

35 .93 

FM1B 

1.37 

4 . 5 9 

6 . 2 6 

7 .06 

12 

24 

36 

48 

FYGM3 

11 .60 

31 .23 

4 1 . 3 5 

46 .99 

RR 
I N F L e 

8.65 

10.49 

10.47 

10.32 

IP 

78 .35 

53 .69 

41 .91 

35 .93 

FM1B 

1.37 

4 . 5 9 

6 .26 

7 .06 

12 

24 

36 

48 

RR 

4 .78 

4 . 0 7 

3 .35 

2 .95 

INFL 
FYGM3 

15.49 

37 .65 

48 .47 

54 .05 

IP 

78 .35 

53 .69 

41.91 

35 .93 

FM1B 

1.37 

4 . 5 9 

6 . 2 6 

7 .06 
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T a b l e IV 
S tanda rd E r r o r s and S i g n i f i c a n c e L e v e l s 

F o r I n d u s t r i a l P r o d u c t i o n Response F u n c t i o n s 

Responses to Nomina l Rate I n n o v a t i o n s 

S tanda rd 
S tep Mean E r r o r S i g n i f i c a n c e 

1 .123 .059 .02 
2 .151 .103 .07 
3 .046 .136 .33 
4 - . 1 0 2 .160 .25 
5 - . 2 3 9 .180 .08 
6 - . 3 6 5 .199 .03 

12 - . 9 5 5 .296 .00 
24 - 1 . 4 0 8 .450 .00 
36 - 1 . 5 0 6 .573 .00 
48 - 1 . 4 9 3 .682 .00 

Response to R e a l Rate I n n o v a t i o n s 

S t a n d a r d 
S tep Mean E r r o r S i g n i f i c a n c e 

1 .045 .061 .22 
2 .121 .103 .12 
3 .200 .136 .06 
4 .310 .161 . 03 
5 .404 .185 .01 
6 .477 .202 .01 

12 .619 .229 .00 
24 .617 .262 .01 
36 .592 .298 .01 
48 .565 .334 .01 

* S i g n i f i c a n c e i s used here i n a B a y e s i a n sense to r e f e r to the i n t e g r a l , g i v e n 
a n o n i n f o r m a t i v e p r i o r , o f the p o s t e r i o r d i s t r i b u t i o n of the response f u n c t i o n 
l e s s than z e r o , or g r e a t e r than z e r o , w h i c h e v e r i s l e s s . 
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T a b l e V 
D e c o m p o s i t i o n of the V a r i a n c e o f I n d u s t r i a l 

P r o d u c t i o n a t V a r i o u s F o r e c a s t H o r i z o n s U s i n g 
Ex P o s t R e a l Ra tes and Ex P o s t I n f l a t i o n 

12 

24 

36 

48 

INFL 

12.54 

21 .42 

24 .72 

26 .15 

FYGM3 
RLRATE 

6.39 

21.16 

30.00 

34 .94 

IP 

8 0 . 7 5 

55 .87 

42 .96 

36 .29 

FM1B 

. 3 0 

1.55 

2 .31 

2.61 

12 

24 

36 

48 

FYGM3 

6 .66 

21 .84 

30 .88 

35 .92 

RLRATE 
INFL 

12.27 

2 0 . 7 3 

27 .87 

25 .17 

IP 

80 .75 

55 .87 

42 .96 

36 .29 

FM1B 

0 . 3 0 

1.55 

2.31 

2 .61 

Month 

12 

24 

36 

48 

RLRATE 

9.44 

14 .16 

15.52 

16 .00 

FYGM3 
INFL 

9 .49 

28 .42 

39 .20 

45 .09 

IP 

8 0 . 7 5 

55 .87 

42 .96 

36 .29 

FM1B 

0 .30 

1.55 

2.31 

2.61 
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T a b l e VI 
D e c o m p o s i t i o n o f V a r i a n c e 

a t the 48-Month H o r i z o n 
(1954 :4 to 1980 :9 ) 

V a r i a b l e E x p l a i n e d n 
By I n n o v a t i o n s i n + 

Ex Ante 
R e a l Rate 

Nomina l Rate 

IP 

FM1B 

Ex Ante 
R e a l Ra te 

78 .26 

4 .02 

9 .08 

8 .63 

Nomina l Ra te IP 

2 .64 2 . 9 3 

69 .76 54 .39 

16 .04 35 .58 

11 .55 7 .10 

FM1B 

. 8 0 

83 .91 

2 . 3 8 

12.92 

Ex P o s t 
R e a l Ra tes Nomina l Rate 

Ex P o s t 
R e a l Rate 

Nomina l Ra te 

IP 

FM1B 

96 .92 

2 .54 

.17 

.36 

5 .89 

67 .42 

18.62 

8 .06 

IP 

16 .00 

45 .09 

36 .29 

2.61 

FM1B 

7 .34 

71 .88 

2 .42 

18 .27 
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Tab le V I I 

T e s t R e s u l t s 
R e a l Rate E x o g e n e i t y 
H y p o t h e s i s I: 

r t = Vt-i + c + u t 

E s t i m a t e of R e s t r i c t e d E q u a t i o n ( s t a n d a r d e r r o r s i n p a r e n t h e s e s ) 

r = .651 r t , + .029 + u 
( . 0 4 0 ) ( .025 ) 

L i k e l i h o o d R a t i o Tes t S t a t i s t i c • 17.14 
C h i - s q u a r e d w i t h 11 degrees of f reedom 
( m a r g i n a l s i g n i f i c a n c e . 104 ) 
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Output E x o g e n e i t y 
H y p o t h e s i s I I : 

yt = Vt-l + b 2 Y t - 2 + Vt-3 + c + u t 

E s t i m a t e of R e s t r i c t e d E q u a t i o n 

y t = 1.434 y t _ j - .361 y t _ 2 - .0738 y t _ 3 + .0078 + u t 

( .051 ) ( . 0 8 7 ) ( . 051 ) ( . 0061 ) 

L i k e l i h o o d R a t i o T e s t S t a t i s t i c = 19.48 
C h i - s q u a r e d w i t h 9 degrees of f reedom 
( m a r g i n a l s i g n i f i c a n c e .021) 
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Output and R e a l R a t e s 
H y p o t h e s i s I I I : 

y C • Vt-1 + Vt-2 + b 3 Y t - 3 + b 4 r t - l + b 5 r t - 2 + b 6 r t - 3 + c + u t 

E s t i m a t e of R e s t r i c t e d E q u a t i o n 

y c = 1.434 y , - .363 y t _ 2 - .0721 y t _ 3 - .000228 r 
( . 037 ) ( . 0 6 4 ) ( . 0 3 8 ) ( . 00035 ) 

- .000006 r t _ 2 + .000231 r t _ 3 + .00708 
( . 00045 ) ( .00032) ( .0046) 

L i k e l i h o o d R a t i o T e s t S t a t i s t i c - 25 .08 
C h i - s q u a r e d w i t h 14 degrees of f reedom 
( m a r g i n a l s i g n i f i c a n c e .034) 
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Output and Nomina l R a t e s 
H y p o t h e s i s IV : 

y t

 = Vt-l + Vt-2 + Vt-3 + b l R t- l + b 5 R t - 2 + Vt-3 + c + u t 

E s t i m a t e of R e s t r i c t e d E q u a t i o n 

y - 1.406 y . - .342 y , - .0565 j - - .000266 R 
( . 0 5 1 ) ( . 085 ) ( . 051 ) ( . 0011 ) 

- .002072 R t _ 2 + .000569 R c _ 3 - .0243 
( . 0015 ) ( . 0 0 1 1 ) ( . 0115 ) 

L i k e l i h o o d R a t i o T e s t S t a t i s t i c - 7 .47 
C h i - s q u a r e d w i t h 6 degrees of f reedom 
( m a r g i n a l s i g n i f i c a n c e .279) 
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Outpu t , Nomina l Ra te B l o c k E x o g e n e i t y 
H y p o t h e s i s V: 

? t • bny t- i + b i 2 y t - 2 + b i 3 y t - : 

+ b 1 4 R t . j + b 1 5 R t _ 2 + b 1 6 R t _ 3 + c + u t 

R t = b 2 i y t - l + b 2 2 ? t - 2 + b 2 3 ^ t - 3 + b 2 A R t - l 

+ b 2 5 R t _ 2 + b 2 6 R c _ 3 + c + u t 

L i k e l i h o o d R a t i o Tes t S t a t i s t i c = 31 .29 
C h i - s q u a r e d w i t h 12 degrees of f reedom 
( m a r g i n a l s i g n i f i c a n c e .001) 
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Output and Nomina l Rate I n n o v a t i o n s 
H y p o t h e s i s V I : 

yt = Vt-1 + Vt-2 + Vt-3 + b 4 R

t - i + Vt-2 + Vt-3 + c + u t 

where 

R t = R t " E [ R t | Y t - s ' R t - s ' M t - s ' V s ' S = 1 ' 2 ' 3 1 

E s t i m a t e of R e s t r i c t e d E q u a t i o n 

Y t = 1.423 Y , - .3358 Y - - .0890 Y t _ , - .000735 R 
( . 036 ) ( . 0 6 2 ) ( . 036 ) ( . 00085 ) t _ 

- .003302 R - .000692 R + .0076 
( . 00085 ) ( . 00089 ) ( . 0043 ) 

L i k e l i h o o d R a t i o Tes t S t a t i s t i c = 28 .05 
C h i - s q u a r e d w i t h 18 deg rees of f reedom 
( m a r g i n a l s i g n i f i c a n c e .098) 
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Output and Expec ted I n f l a t i o n 
H y p o t h e s i s V I I : 

Y t = b ^ . j + b 2 Y t _ 2 + b 3 Y t _ 3 + b 4 H t _ 1 

+ Vt-i + b6n t_2 + c + u t 

where 

" t " ^VVs 'Vs 'Vs 'Vs '^ 1 ' 2 ' 3 1 

E s t i m a t e o f R e s t r i c t e d E q u a t i o n 

Y t = 1.425 Y t _ 1 - .355 Y t _ 2 - .067 Y t _ 3 + .000133 H 
( .036 ) ( . 064 ) ( . 038 ) ( . 00037 ) C 

- .000427 n - .000209 H - .0051 
( . 00048 ) ( . 00034 ) Z ~ l ( . 0021 ) 

L i k e l i h o o d R a t i o Tes t S t a t i s t i c = 22 .15 
C h i - s q u a r e d w i t h 14 degrees o f f reedom 
( m a r g i n a l s i g n i f i c a n c e .075) 
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Output and I n n o v a t i o n s i n E x p e c t e d I n f l a t i o n 
H y p o t h e s i s V I I I : 

b l Y t - l + b 2 Y t - 2 + b 3 Y t - 3 + b 4 n

t - ! + b

5

n t - 2 + b

6

n t - 3 + C + u t 

t + l " ^ " t + l ' V s ' V s ' V s ^ t - s ' 8 - 1 ' 2 ' 3 1 

E s t i m a t e of R e s t r i c t e d E q u a t i o n 

Y c = 1.430 Y , - .351 Y 2 - .081 Y t _ , + .000243 II 
( . 036 ) " ( . 0 6 2 ) " ( . 036 ) " ( . 00038) C 

- .000190 n + .000381 n + .00727 
( .00041) t ~ i ( . 00038) t _ J ( .0044) 

L i k e l i h o o d R a t i o T e s t S t a t i s t i c = 3 2 . 7 5 
C h i - s q u a r e d w i t h 18 degrees of f reedom 
( m a r g i n a l s i g n i f i c a n c e . 018 ) 

where 

Y t 

il 
t 



Figure I. Responses to Nominal Interest Rate Innovations 

K E Y : Response of A: Nominal Interest Rate 
B: Price Level 
C: Industrial Production 
D: Money Stock 

Figure la. Estimation Period: 1955:1-1971:12 Figure lb. Estimation Period: 1972:1-1980:9 

Months. 
1 • 
2 • 
i * 
« -
5 • 
i. • 
T • 
B • 
9 • 1 0 4 

11 4 
12 • 

11 • 
14 • 
IS • 1- • 0 
1 7 .11 
in 0 
19 0 
20 t. 

21 u 
22 I-. 

il u 
2« .1 
?5 • [1 
21, • II 
27 «0 
28 4 
2S 4 
3D • 
31 • 
32 « 

33 4 
34 * 
5'-. • 
Jt • 
57 4 
3P • 
il • 
40 * 
41 
4? • 
43 • 
44 4 
*S 4 
4 1, • 
47 • 
48 • 
49 • 

-1 

Standard Deviation 
o 

I; 
o n e 

i> c 
hC 

r i. 

p 
o 

0 
0 

II 
n 
D 

b 
0 
n E 

DR 
on 
s 

r>c 

c 
c 

C B 
C b 

CR 
II C 

I' C 
ft c 

P c 

A 

A 0 
111 
8A 

> 

h * 
I 

- 1 

Standard Deviation 

0 
Months 



Figure II. Responses of Industrial Production 

K E Y : Response to A: Nominal Interest Rate Innovation 
B: Price Level Innovation 
C: Industrial Production Innovation 
D: Money Stock Innovation 

Figure Ma. Estimation Period: 1955:1-1971:12 Figure lib. Estimation Period: 1972:1-1980:9 
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Figure III. Responses of Industrial Production—Ex-ante Expectations 
Estimation Period: 1954:4-1980:9 

Figure Ilia. Including Expected Inflation 

K E Y : Response to 
A: Ex-ante Inflation Innovation 
B: Nominal Rate Innovation 
C: Industrial Production Innovation 
D: Money Innovation 
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Figure 1Mb. Including Expected Real Interest Rates 

K E Y : Response to 
A: Ex-ante Real Rate Innovation 
B: Nominal Rate Innovation 
C: Industrial Production Innovation 
D: Money Innovation 
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Figure IV. Responses of Industrial Production—Ex-post Expectations 
Estimation Period: 1954:4-1980:9 

Figure IVa. Including Expected Inflation 

K E Y : Response to 
A: Ex-post Inflation Innovation 
B: Nominal Rate Innovation 
C: Industrial Production Innovation 
D: Money Innovation 

Figure IVb. Including Expected Real Interest Rates 

K E Y : Response to 
A: Ex-post Real Rate Innovation 
B: Nominal Rate Innovation 
C: Industrial Production Innovation 
D: Money Innovation 
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Figure V. Responses of the Ex-ante Real Interest Rate 

KEY: Response to A: Real Interest Rate Innovation 
B: Nominal Interest Rate Innovation 
C: Industrial Production Innovation 
D: Money Stock Innovation 

Figure Va. Estimation Period: 1955:1-1971:12 Figure Vb. Estimation Period: 1972:1-1980:9 
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Figure VI. Responses of the Ex-ante Real Interest Rate 
Estimation Period: 1948:4-1980:9 

KEY: Response to A: Nominal Interest Rate Innovation 
B: Inflation Innovation 
C: Industrial Production Growth Innovation 
D: Money Stock Growth Innovation 

Figure Via. Unrestricted Vector Autoregression Figure Vlb. Estimated Subject to Hypothesis 
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Figure VII. Inflation Rates, 1954:1-1980:9 

P « B I ~ c«an t 
3t3 

KEY: Actual .— Expected 

2 0 - -

- 1 0 5 4 ' 5 5 ' 5 6 ' 5 7 * 58'59*60'61 '62 '63 '64 '65^66 '67^ 68^69* 70'71 '72' 73 '74 '7s '76 '77 '78 '79 '80 



Figure VIII. Real Interest Rates, 1954:1-1980:9 
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