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I n v e n t o r y I n v e s t m e n t , Goods O u t p u t , and P r i c e * 

T h i s p a p e r p r e s e n t s and e s t i m a t e s a m o n e t a r i s t model o f t he 

b u s i n e s s c y c l e w i t h p r i c e - s e t t i n g f i r m s . The p r o p e r t i e s o f t he model 

a r e i l l u s t r a t e d by s i m u l a t i o n s u s i n g t he p o i n t e s t i m a t e s o f the m o d e l . 

F i v e p r o p e r t i e s o f t he e s t i m a t e d model d e s e r v e s p e c i a l a t t e n t i o n . 

The r e a l goods marke t i s found t o b e s t a b l e even though s u b j e c t to sha rp 

changes i n o u t p u t . S e c o n d l y , a p r o c y c l i c a l i n t e r e s t r a t e i s e x p l a i n e d 

by a second t r a n s m i s s i o n mechan ism, no t by a n t i c i p a t e d i n f l a t i o n . 

A l t h o u g h t h i s mode l i s c o n s i s t e n t w i t h r a t i o n a l e x p e c t a t i o n s , mone ta ry 

p o l i c y can have a l a s t i n g i m p a c t , and t he s i m u l a t i o n s show t h i s t o be 

t h e c a s e . F i s c a l p o l i c y t oo i s f o u n d to i n f l u e n c e t he b u s i n e s s c y c l e , 

bu t i n t h e s i m u l a t i o n s i t s s h o r t - r u n e f f e c t s a r e s u b s t a n t i a l l y s m a l l e r 

t h a n i t s impac t e f f e c t s . L a s t l y , t h e mode l s u g g e s t s t h a t p r i c e s do n o t 

a d j u s t i n t h e s h o r t r u n b e c a u s e o u t p u t does a d j u s t ; t h e r e v e r s e o f t he 

u s u a l l y assumed c a u s a l f l o w . These p r o p e r t i e s a r e d i s c u s s e d i n g r e a t e r 

d e t a i l i n t h e f o l l o w i n g p a r a g r a p h s . 

I n v e n t o r y i n v e s t m e n t i s t h e most v o l a t i l e m a j o r component o f 

GNP. As s u c h i t i s o f c o n c e r n to f o r e c a s t e r s . The re a r e , howeve r , 

a d d i t i o n a l r e a s o n s f o r t he a t t e n t i o n p a i d to t he i n v e n t o r y c y c l e . The 

economy i s u s u a l l y c h a r a c t e r i z e d by f a i r l y s t e a d y g r o w t h p u n c t u a t e d by 

s h o r t p e r i o d s o f r a p i d r e c e s s i o n and r e c o v e r y . T h i s p a t t e r n p r e s e n t s 

p r o b l e m s f o r most mode ls o f t he economy, w h i c h t end t o p r o j e c t s i n u s o i d a l 

b e h a v i o r . One way t o g e n e r a t e t he o b s e r v e d p a t t e r n i s to assume t h a t 

t h e r e a l goods marke t i s u n s t a b l e , as i n t he " r a z o r ' s e d g e " m o d e l s . 

*The a u t h o r i s i n d e b t e d t o Susan W. B u r c h and A l l a n H. M e l t z e r 
f o r v a l u a b l e comments on t h i s p a p e r . A l l e r r o r s and o v e r s i g h t s a r e t he 
a u t h o r ' s r e s p o n s i b i l i t y . The v i e w s and o p i n i o n s e x p r e s s e d h e r e i n do no t 
n e c e s s a r i l y r e p r e s e n t t h o s e o f t he F e d e r a l R e s e r v e Bank o f M i n n e a p o l i s . 
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W i t h s u c h a v i e w of t he r e a l goods marke t i n v e n t o r y f l u c t u a t i o n s c a n 

t a k e on added i m p o r t a n c e . A d e c i s i o n by f i r m s t h a t s t o c k s a r e e x c e s s i v e 

c o u l d t r i g g e r a r e c e s s i o n , w h i l e the d e c i s i o n to r e p l e n i s h c o u l d end t he 

r e c e s s i o n and s t a r t the r e c o v e r y . T h i s a p p r o a c h to i n v e n t o r y i n v e s t m e n t 

i s s u p p o r t e d by t he g e n e r a l p r a c t i c e o f t r e a t i n g i n v e n t o r y i n v e s t m e n t 

l i k e o t h e r fo rms o f i n v e s t m e n t and a s s u m i n g t h a t i t i s a d e c i s i o n v a r i a ­

b l e o f t he f i r m . 

T h i s p a p e r p r e s e n t s an a l t e r n a t i v e a p p r o a c h to t he i n v e n t o r y 

c y c l e . The a d j u s t m e n t p r o c e s s of i n v e n t o r i e s i s f ound t o be s t a b l e . 

N e v e r t h e l e s s , s h a r p changes i n o u t p u t a r e g e n e r a t e d i n s i m u l a t i o n s . 

These s h a r p f l u c t u a t i o n s a r e no t e x p l a i n e d by i n s t a b i l i t y i n t he o u t p u t 

m a r k e t , b u t , on t he c o n t r a r y , by q u i c k a d j u s t m e n t s o f i n v e n t o r y s t o c k to 

new e q u i l i b r i u m l e v e l s . I n the model t he s t o c k a d j u s t m e n t s w h i c h o c c u r 

a r e no t t he s o u r c e o f f l u c t u a t i o n s , b u t t he r e s u l t o f e x t e r n a l d i s t u r ­

b a n c e s . T h i s e x p l a i n s the o b s e r v e d l a g o f i n v e n t o r i e s b e h i n d o u t p u t , an 

o b s e r v a t i o n w h i c h i s h a r d to r e c o n c i l e w i t h t he t h e o r y t h a t i n v e n t o r y 

c y c l e s a r e t he cause o f f l u c t u a t i o n s i n t he economy. 

A s t he i n v e n t o r y a d j u s t m e n t p r o c e s s i s no t t he c a u s e o f 

f l u c t u a t i o n s i n t he r e a l goods m a r k e t , t he s o u r c e o f t h e s e f l u c t u a t i o n s 

must be i d e n t i f i e d . The model used i n t h i s p a p e r i s d e r i v e d f r om the 

K a r l B r u n n e r - A l l a n M e l t z e r t h r e e - m a r k e t model .—^ F o l l o w i n g t he B r u n n e r -

M e l t z e r a p p r o a c h i t i s assumed t h a t f l u c t u a t i o n s a r e i n t r o d u c e d to t h e 

r e a l goods marke t f r om the f i n a n c i a l m a r k e t s . I n t e r e s t r a t e and p r i c e 

o f e x i s t i n g a s s e t s a r e d e t e r m i n e d p r o x i m a t e l y i n t he c r e d i t and money 

m a r k e t s . These two v a r i a b l e s a f f e c t t he r e a l goods m a r k e t . 

— B r u n n e r , K a r l and A l l a n H. M e l t z e r , "Money , Debt and Economic 
A c t i v i t y , " J o u r n a l o f P o l i t i c a l Economy, S e p t e m b e r - O c t o b e r 1972 . 
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I n t he s t a n d a r d I S - L M f ramework i f c y c l e s a r e caused by moneta ry 

d i s t u r b a n c e s , t hen i n t e r e s t r a t e s s h o u l d be c o u n t e r c y c l i c a l . I n t e r e s t 

r a t e s a r e o b s e r v e d to be p r o c y c l i c a l . T h i s p a r a d o x i s u s u a l l y e x p l a i n e d 

by m o n e t a r i s t s by changes i n a n t i c i p a t e d i n f l a t i o n a f f e c t i n g i n t e r e s t 

r a t e s . The model i n t h i s p a p e r p r e s e n t s an a l t e r n a t i v e e x p l a n a t i o n f o r 

t he p r o c y c l i c a l b e h a v i o r o f i n t e r e s t r a t e s , n a m e l y , changes i n t he p r i c e 

o f e x i s t i n g a s s e t s . U n l i k e i n t he I S - L M f ramework , i n t h i s model t h e r e 

a r e two r a t e s o f r e t u r n w h i c h a f f e c t t he r e a l goods m a r k e t . I n s i m u l a ­

t i o n s when i n t e r e s t r a t e and p r i c e o f e x i s t i n g a s s e t s move t o g e t h e r , as 

they have d u r i n g t he most of t he p o s t w a r p e r i o d , i n t e r e s t r a t e s a r e 

p r o c y c l i c a l . S i m u l t a n e o u s i n c r e a s e s o r d e c r e a s e s i n b o t h money and deb t 

can y i e l d a p r o c y c l i c a l i n t e r e s t r a t e . I n t he s h o r t t e rm , a t l e a s t , 

bonds s h o u l d no t be t r e a t e d as a c l o s e s u b s t i t u t e f o r money o r f o r 

e q u i t y . 

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

i n t e r e s t r a t e does no t p r o v e t h a t t he a s s e t ma rke t s a r e t he o n l y s o u r c e 

o f v a r i a t i o n i n t he economy. I n d e e d , f i s c a l p o l i c y p l a y s an i n t e g r a l 

r o l e i n the s h o r t - r u n b e h a v i o r o f t he B r u n n e r - M e l t z e r m o d e l . Government 

e x p e n d i t u r e s a r e added to the model i n t h i s p a p e r , y i e l d i n g s u b s t a n t i a l 

improvement i n the e s t i m a t e d e q u a t i o n s . Impact and s h o r t - r u n ( a f t e r 

i n v e n t o r y a d j u s t m e n t ) m u l t i p l i e r s f o r s u s t a i n e d changes i n government 

e x p e n d i t u r e s a r e e s t i m a t e d . The s h o r t - r u n m u l t i p l i e r s a r e much s m a l l e r 

t h a n the i m p a c t m u l t i p l i e r s . Much o f t he r e a c t i o n to a s u s t a i n e d change 

i n government e x p e n d i t u r e s i s a s h o r t r a p i d a d j u s t m e n t o f s t o c k s to a 

new e q u i l i b r i u m l e v e l . 

I n most models o f t he r e a l goods marke t o u t p u t and p r i c e a r e 

t r e a t e d a s y m m e t r i c a l l y . P r i c e s a r e assumed to a d j u s t to equa te s u p p l y 
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and demand. I n t h i s p a p e r f i r m s a r e assumed to be p r i c e s e t t e r s . 

P r i c e s a r e d e t e r m i n e d by t h e same s t a t e v a r i a b l e s and p a r a m e t e r s as 

d e t e r m i n e o t h e r f i r m d e c i s i o n s . W i t h i n a p e r i o d s u p p l y and demand a r e 

no t n e c e s s a r i l y e q u a t e d . U n i n t e n d e d i n v e n t o r y a c c u m u l a t i o n s and l i q u i d a ­

t i o n s can and do o c c u r . D i s e q u i l i b r i u m i s s i g n a l e d by u n i n t e n d e d i n v e n ­

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

A m a j o r p r o b l e m f o r e c o n o m i s t s h a s been t h e e m p i r i c a l o b s e r v a t i o n 

t h a t o u t p u t a d j u s t s i n t he s h o r t r u n , w h i l e p r i c e a d j u s t s o n l y i n t he 

l o n g r u n . T y p i c a l l y t h i s p r o b l e m i s t r e a t e d by a s s u m i n g t h a t r i g i d 

p r i c e s a r e t he c a u s e , and t he phenomenon t o be e x p l a i n e d . The r e s u l t s 

i n t h i s paper s u g g e s t t h a t t h e c a u s a t i o n may r u n i n t h e o p p o s i t e d i r e c ­

t i o n ; p r i c e s do no t a d j u s t because o u t p u t d o e s . The phenomenon to be 

e x p l a i n e d i s t he a d j u s t m e n t o f o u t p u t . A s r i g i d p r i c e s have p r o v e n 

d i f f i c u l t t o j u s t i f y , t h i s d i s t i n c t i o n may p r o v e to be i m p o r t a n t . 

2 / 

T h i s p a p e r i s an e x t e n s i o n o f p r e v i o u s work by t he a u t h o r . — 

W h i l e t h e b a s i c model h a s been p r e s e n t e d b e f o r e , h e r e i n i s a d e t a i l e d 

d i s c u s s i o n o f t h e t h e o r e t i c a l f ramework o f t h e i n d i v i d u a l f i r m . E s t i m ­

a t i o n i s pe r f o rmed on t he d u r a b l e and n o n d u r a b l e goods p r o d u c i n g s e c t o r s 

s e p a r a t e l y , y i e l d i n g a s u b s t a n t i a l improvement i n r e s u l t s . I n p a r t i c u ­

l a r , d u r a b l e and n o n d u r a b l e goods p r i c e e q u a t i o n s a r e p r e s e n t e d . More 

e x t e n s i v e s i m u l a t i o n r e s u l t s a r e o b t a i n e d , most n o t a b l y w i t h r e g a r d t o 

t h e e f f e c t s o f i n t e r e s t r a t e and e q u i t y p r i c e on t h e r e a l goods m a r k e t . 

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

s t a n t i a l f u r t h e r improvement i n t h e e m p i r i c a l r e s u l t s , p a r t i c u l a r l y i n 

t h e o u t p u t e q u a t i o n s . 

— B r y a n t , J o h n , " R e l a t i v e P r i c e s and I n v e n t o r y I n v e s t m e n t , " 
J o u r n a l o f M o n e t a r y E c o n o m i c s , J a n u a r y 1 9 7 8 , p p . 8 5 - 1 0 2 . 
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The p a p e r i s d i v i d e d i n t o s i x s e c t i o n s . The n e x t s e c t i o n 

p r e s e n t s t h e mode l o f t h e r e a l goods m a r k e t . The t h i r d s e c t i o n i n c l u d e s 

e m p i r i c a l e s t i m a t i o n o f t h a t mode l and a n a l y s i s o f t he e s t i m a t e d c o e f f i ­

c i e n t s . I n t h e f o u r t h s e c t i o n t he i m p o r t a n t p r o p e r t i e s o f t he e s t i m a t e d 

s t r u c t u r e a r e i l l u s t r a t e d u s i n g s i m u l a t i o n s . The f i f t h s e c t i o n i n t r o ­

d u c e s f i s c a l p o l i c y to t h e mode l and p r e s e n t s r e e s t i m a t e d e q u a t i o n s and 

r e v i s e d s i m u l a t i o n s . The paper ends w i t h a summary and c o n c l u d i n g 

comments. 

The M o d e l 

I n t he mode l o f t he r e a l goods marke t t h e p r o b l e m s o f u n d e s i r e d 

i n v e n t o r y a c c u m u l a t i o n and u n d e s i r e d s a v i n g s , as w e l l a s o f s p e c u l a t i v e 

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

F i r m s a r e assumed to make o u t p u t , p r i c e , and minimum i n v e n t o r y 

(max ima l s a l e s ) d e c i s i o n s a t t h e b e g i n n i n g o f e a c h p e r i o d , b e f o r e t he 

demand s c h e d u l e i s o b s e r v e d . F i r m s can s e l l a t most o u t p u t p l u s i n i t i a l 

i n v e n t o r y s t o c k . However , a t t he b e g i n n i n g o f t h e p e r i o d a f i r m c a n 

d e c i d e t o m a i n t a i n a minimum i n v e n t o r y l e v e l . T h i s r e s t r i c t s s a l e s t o 

be l e s s t h a n o u t p u t p l u s i n i t i a l i n v e n t o r y s t o c k . These d e c i s i o n s a r e 

b i n d i n g f o r t he p e r i o d . I n i t i a l i n v e n t o r y s t o c k , a n t i c i p a t e d demand, 

t h e r a t e o f d i s c o u n t o f t he f u t u r e , and t h e m a r g i n a l c o s t f u n c t i o n 

d e t e r m i n e t h e f i r m ' s d e c i s i o n s . 

F i r m d e c i s i o n s and demand j o i n t l y d e t e r m i n e i n v e n t o r y i n v e s t m e n t . 

P r i c e has a n e g a t i v e i m p a c t upon demand, w h i c h i s s t o c h a s t i c . I f a h i g h 

l e v e l o f demand i s n o t r e a l i z e d and f i r m s do n o t s t o c k o u t , i n v e n t o r y 

i n v e s t m e n t i s o u t p u t minus demand. I f f i r m s do s t o c k ou t ( s e l l l e s s 

t h a n p o s s i b l e g i v e n t h e i r p r i c e and t he demand c u r v e ) , end o f p e r i o d 

i n v e n t o r y e q u a l s minimum i n v e n t o r y . T h e r e f o r e , s t o c k i n g ou t y i e l d s 
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i n v e n t o r y i n v e s t m e n t e q u a l to minimum i n v e n t o r y minus b e g i n n i n g o f 

p e r i o d i n v e n t o r y . A l o w l e v e l o f demand r e l a t i v e to a n t i c i p a t i o n s 

r e s u l t s i n u n d e s i r e d i n v e n t o r y a c c u m u l a t i o n . A h i g h l e v e l o f demand 

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

s t o c k i n g ou t o c c u r s . 

The f i r m ' s i n v e n t o r y p r o b l e m d i f f e r s f r om the u s u a l i n v e n t o r y 

3 / 

p r o b l e m i n two ways.— F i r s t , demand i s s t o c h a s t i c and n o n s t a t i o n a r y . 

S e c o n d , t he f i r m can s p e c u l a t e i n i n v e n t o r i e s by w i t h o l d i n g them f rom 

s a l e . 

The f i r m ' s m a x i m i z a t i o n p r o b l e m i s p r e s e n t e d be low .— • The 

a s s u m p t i o n s used a r e : 

1 . The f i r m i s r i s k n e u t r a l and m a x i m i z e s i t s d i s c o u n t e d 

i n f i n i t e h o r i z o n e x p e c t e d p r o f i t s t r e a m u s i n g d i s c o u n t 

r a t e 6 . 

2 . A c o s t f u n c t i o n o f o u t p u t w i t h c ( X ) , c v ( X ) , c v v ( X ) > 0 . 
A AA 

3 . Demand = d = d ( P , U) i s a f u n c t i o n d e c r e a s i n g i n p r i c e 

(P) and i n c r e a s i n g i n t h e s t o c h a s t i c t e rm (U) . 

4 . U i s a random v a r i a b l e o f a p a r t i c u l a r f o r m , U e [ 0 , l ] . 

L e t l f c _ 2 be t h e i n f o r m a t i o n a v a i l a b l e to t he f i r m a t t he 

b e g i n n i n g o f p e r i o d t . I t i s assumed t h a t t h e r e e x i s t s a 

r e a l v a l u e d i n f o r m a t i o n a l v a r i a b l e N f c s u c h t h a t F ( u

t + ^ l N

t ) 
F ( U t + i ' I t - l ) f ° r 1 = °» l f 2 > • * • • F u r t h e r > N

t + 1 • 

hCU^ jN^ ) f o r some r e a l v a l u e d i n c r e a s i n g f u n c t i o n h . 

3 / 
— See Z a b e l , Edward , " M u l t i - P e r i o d Monopo ly Under U n c e r t a i n t y , " 

J o u r n a l o f Economic T h e o r y , December 1972 , p p . 5 2 4 - 5 3 6 . 
4 / 
— F o r a f u l l e r d i s c u s s i o n see B r y a n t , J o h n , "Demand A n t i c i p a t i o n 

and S p e c u l a t i o n i n I n v e n t o r i e s : The D e c i s i o n s o f a P r i c e S e t t i n g F i r m , " 
m imeographed . 
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L a s t l y , N " > N ' i m p l i e s F ( u

t + i l N

t

 = N " ) i s s t o c h a s t i c a l l y 

l a r g e r t h a n F ( U t + i | N t = N 1 ) f o r a l l i = 0 , 1 , 2 

The c o r r e s p o n d i n g d e n s i t y f u n c t i o n s a r e assumed to e x i s t . 

These a s s u m p t i o n s r e q u i r e f u r t h e r e l a b o r a t i o n . 

3 

I n a mode l o m i t t i n g c l a i m s t o e x i s t i n g c a p i t a l , 3 i s 1 / ( 1 + i ) 

where i i s t he i n t e r e s t r a t e on b o n d s . To d e t e r m i n e t h e r a t e of d i s ­

c o u n t i n t h i s more comp lex mode l we t u r n t o t h e c o n v e n t i o n a l c a p i t a l 

a s s e t p r i c i n g m o d e l . L e t t i n g be t he r a t e o f r e t u r n on t h e m a r k e t 

p o r t f o l i o o f c l a i m s to e x i s t i n g c a p i t a l and i_. be t h e r a t e of r e t u r n of 

f i r m j we h a v e : 

l / 6 j = l + i + E ( i m - i ) [ C 0 V ( i . , i m ) / a 2 ] . 5 / 

2 
We assume t h a t [ C 0 V ( i . , i ) / o ] can be t r e a t e d as a c o n s t a n t , so t h a t g . 

J m m J 
i s i n c r e a s i n g i n i and E ( i ) . The i n t e r e s t r a t e and r a t e o f r e t u r n on 

m 
c a p i t a l a r e assumed to be m a r t i n g a l e s and t h e i r e x p e c t e d v a l u e s ( t h e 

p r e v i o u s o b s e r v a t i o n s ) a r e u s e d . F u r t h e r , a t e a c h p o i n t i n t ime a l l 

f u t u r e B . ' s a r e assumed t o e q u a l t he c u r r e n t (5..— 
J J 

E q u i t y p r i c e , a s a measure o f p r i c e o f e x i s t i n g a s s e t s , i s 

assumed t o be an i n v e r s e measure o f t he r a t e o f r e t u r n on e x i s t i n g 

—See, f o r e x a m p l e , K l e i n , M i c h a e l A . , "The Economics o f 
S e c u r i t y D i v i s i b i l i t y and F i n a n c i a l I n t e r m e d i a t i o n s , " J o u r n a l o f F i n a n c e , 
September 1 9 7 3 , p p . 9 2 3 - 9 3 1 . 

— The r o l e o f a n t i c i p a t e d i n f l a t i o n i s downp layed i n t h i s 
p a p e r . However , a l l t he e q u a t i o n s have been e s t i m a t e d w i t h n o m i n a l 
i n t e r e s t r a t e and i n f l a t i o n r a t e o r r e a l i n t e r e s t r a t e as i n d e p e n d e n t 
v a r i a b l e s . C u r r e n t i n f l a t i o n r a t e and v a r i o u s measures o f a n t i c i p a t e d 
i n f l a t i o n r a t e were u s e d . These measures o f i n f l a t i o n a l l have i n s i g ­
n i f i c a n t c o e f f i c i e n t s , and r e a l i n t e r e s t r a t e s p e r f o r m s i m i l a r l y t o 
n o m i n a l i n t e r e s t r a t e . O n l y t he r e s u l t s u s i n g n o m i n a l i n t e r e s t r a t e 
a l o n e a r e r e p o r t e d . 
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c a p i t a l . I n c o n t r a s t to t he K e y n e s - W i c h s e l l a p p r o a c h , f l u c t u a t i o n s i n 

t h e a n t i c i p a t e d r e t u r n on c a p i t a l p e r u n i t o f r e a l c a p i t a l p l a y no r o l e 

i n t h e m o d e l . The h o r i z o n f o r most c a p i t a l i n v e s t m e n t s i s l o n g . C u r r e n t 

economic c o n d i t i o n s have l i t t l e i n f l u e n c e on l o n g - t e r m r e t u r n , j u s t a s 

t h e y have l i t t l e i n f l u e n c e on permanent i n c o m e . I n t he s h o r t t e r m , 

changes i n t he r a t e o f r e t u r n on e x i s t i n g c a p i t a l a r e assumed t o be due 

t o changes i n t he p r i c e o f e x i s t i n g c a p i t a l . 

c ( X ) 

The c o s t f u n c t i o n i s t a k e n a s a g i v e n i n t h i s m o d e l . T h i s 

r e f l e c t s t he b e l i e f o f t h e a u t h o r t h a t demand f l u c t u a t i o n s p l a y a more 

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

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

c o n s t a n t , bu t i t c a n e q u a l l y as w e l l be assumed to f o l l o w a known 

d e t e r m i n i s t i c p a t h t h r o u g h t i m e . C a p i t a l s t o c k and t h e p o s i t i o n o f t h e 

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

a s s u m p t i o n , i n c r e a s e s i n c a p i t a l s t o c k and ou twa rd s h i f t s o f t h e l a b o r 

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

The f i r m i n v e s t m e n t d e c i s i o n i s n o t m o d e l e d . I n s t e a d , c a p i t a l 

s t o c k p r e s e n t and f u t u r e i s t r e a t e d a s g i v e n , w i t h l a s t p e r i o d c a p i t a l 

b e i n g t he s t a t e v a r i a b l e f o r c a p i t a l s t o c k . C a p i t a l s t o c k i s , t h e n , 

assumed c o n s t a n t , o r more g e n e r a l l y , g r o w i n g a t a c o n s t a n t r a t e . 

P r e v i o u s q u a r t e r c o m p e n s a t i o n ( "wage" ) and man-hours o f 

p r o d u c t i o n w o r k e r s ( " l a b o r " ) a r e used a s p r o x i e s f o r t h e p o s i t i o n o f t h e 

l a b o r s u p p l y c u r v e . From one p o i n t , t h e w h o l e l a b o r s u p p l y c u r v e i s 

assumed t o be e x t r a p o l a t e d . M o r e o v e r , e a c h f i r m assumes t h a t t he l a b o r 

s u p p l y c u r v e , a s a f u n c t i o n o f n o m i n a l wage, w i l l b e unchanged (o r 

c h a n g i n g a t a c o n s t a n t r a t e ) i n t he coming p e r i o d s . As t he mode l d e s c r i b e s 
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s h o r t - r u n b e h a v i o r and i s e s t i m a t e d on q u a r t e r l y d a t a , h o p e f u l l y t h i s 

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

t h e l a b o r s u p p l y f u n c t i o n p l a y no r o l e i n t h e m o d e l . F o r a l o n g e r - r u n 

mode l more s o p h i s t i c a t e d m o d e l i n g o f t he l a b o r marke t may be n e c e s s a r y . 

B o t h p r e v i o u s q u a r t e r l a b o r and wage a r e i n c l u d e d as f i r m s a r e assumed 

t o have some monopsony power . 

M a t e r i a l s and w o r k - i n - p r o c e s s i n v e n t o r i e s can be i n c l u d e d i n 

t h e m o d e l . A s i m p l e way o f d o i n g t h i s i s t o make minimum i n v e n t o r y an 

argument o f t h e c o s t f u n c t i o n . However , a random c o s t f u n c t i o n i s n o t 

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

t r e a t e d . 

T h e r e i s no c o s t to h o l d i n g i n v e n t o r i e s i n t he m o d e l . However , 

s u c h a c o s t f u n c t i o n can be added w i t h o u t c h a n g i n g t he q u a l i t a t i v e 

r e s u l t s a s l o n g as t h e c o s t i s c o n v e x . S t o r a g e c o s t s a r e i n g e n e r a l 

h i g h e r f o r n o n d u r a b l e t h a n d u r a b l e goods p r o d u c e r s . I f t h e s e c o s t s a r e 

i n c l u d e d i n t he m o d e l , one f i n d s t he a n t i c i p a t e d r e s u l t t h a t h i g h e r m a r g i n a l 

s t o r a g e c o s t i m p l i e s g r e a t e r s e n s i t i v i t y o f f i r m d e c i s i o n s to i n i t i a l 

i n v e n t o r y s t o c k . T h e r e a l s o i s no c o s t t o s t o c k i n g o u t , e x c e p t , o f 

c o u r s e , f o r t h e c o s t o f f o r e g o n e s a l e s . An ad hoc c o s t o f s t o c k i n g ou t 

a l s o c a n be added w i t h o u t c h a n g i n g t he r e s u l t s . A much more s a t i s f a c ­

t o r y way to h a n d l e s t o c k - o u t c o s t s i s t o e x p l i c i t l y mode l t h e e f f e c t s o f 

s t o c k o u t s on f u t u r e demand. However , s u c h an a p p r o a c h wou ld g r e a t l y 

c o m p l i c a t e t he m o d e l , p r o b a b l y w i t h o u t i n t r o d u c i n g new i m p l i c a t i o n s 

t e s t a b l e on t he a g g r e g a t e d a t a s t u d i e d i n t h i s p a p e r . 

Demand 

The demand f u n c t i o n s assumed f o r d u r a b l e and n o n d u r a b l e goods 

a r e a m o d i f i e d v e r s i o n o f t he B r u n n e r - M e l t z e r demand f u n c t i o n . 
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The v a r i a b l e s d e t e r m i n i n g demand must be s p e c i f i e d . Demand i s 

a d e c r e a s i n g f u n c t i o n o f p r i c e . Of c o u r s e , t he p r i c e s o f a l l a v a i l a b l e 

goods s h o u l d be i n c l u d e d i n t h e demand f u n c t i o n . A t t he l e v e l o f a g g r e ­

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

s e r v i c e s p r i c e i n d e x e s s h o u l d be i n c l u d e d . However , b e c a u s e o f p r o b l e m s 

o f m u l t i c o l l i n e a r i t y , o n l y own p r i c e i s i n c l u d e d i n t he e q u a t i o n s . — ^ 

The s t o c h a s t i c t e r m , U t , i s n o n s t a t i o n a r y and i s d e t e r m i n e d by 

s e v e r a l v a r i a b l e s . C a p i t a l s t o c k i s a measure o f w e a l t h , and demand i s 

i n c r e a s i n g i n w e a l t h . P u r c h a s e r s have t he o p t i o n o f h o l d i n g bonds and 

c l a i m s t o r e a l c a p i t a l . As w i t h f i r m s , t h e r a t e s o f r e t u r n o f b o t h 

t h e s e a s s e t s a r e i m p o r t a n t . The M o d i g l i a n i - M i l l e r t heo rem i s no t assumed 

to a p p l y , a t l e a s t no t t o t h e i s s u a n c e o f government s e c u r i t i e s . The 

r a t e o f r e t u r n on bonds and e x i s t i n g c a p i t a l b o t h i n f l u e n c e t he t r a d e o f f 

be tween c u r r e n t and f u t u r e c o n s u m p t i o n and c u r r e n t and f u t u r e i n v e s t ­

men t . Demand i s d e c r e a s i n g i n i n t e r e s t r a t e and i n c r e a s i n g i n e q u i t y 

p r i c e b e c a u s e t he s u b s t i t u t i o n e f f e c t i s assumed t o d o m i n a t e t he income 

8 / 

e f f e c t . — The e f f e c t o f e q u i t y p r i c e upon d u r a b l e goods p u r c h a s i n g i s 

p a r t i c u l a r l y s t r o n g . E x i s t i n g c a p i t a l goods a r e a c l o s e s u b s t i t u t e f o r 

new ly p roduced c a p i t a l g o o d s . 

— T h i s may b i a s t h e c o e f f i c i e n t o f wage i n t he e s t i m a t e d 
e q u a t i o n s . 

8 / 
— In t h e B r u n n e r - M e l t z e r mode l t h e r e a r e b o t h r e a l b a l a n c e and 

r e a l deb t e f f e c t s , and r e a l money s t o c k and r e a l deb t a r e p r o d u c t i v e 
a s s e t s . However , t h e s e e f f e c t s seem u n l i k e l y to be s i g n i f i c a n t c o n t r i ­
b u t o r y f a c t o r s i n s h o r t - r u n f l u c t u a t i o n s i n t h e economy. The d i r e c t 
e f f e c t s o f r e a l b a l a n c e and r e a l d e b t upon demand and o u t p u t a r e i g n o r e d 
i n t h i s p a p e r . F l u c t u a t i o n s i n t h e a s s e t m a r k e t s a r e t r a n s m i t t e d to t h e 
r e a l marke t o n l y v i a t he e f f e c t s o f i n t e r e s t r a t e and e q u i t y p r i c e . 
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D u r a b l e goods p u r c h a s e s may a l s o be a f f e c t e d by c u r r e n t r e c e i p t s 

Much o f t he v a r i a t i o n i n c u r r e n t r e c e i p t s r e s u l t s f r om v a r i a t i o n i n 

d u r a b l e goods o u t p u t . T h e r e f o r e , i t i s assumed t h a t c u r r e n t d u r a b l e 

goods o u t p u t has a p o s i t i v e e f f e c t upon c u r r e n t d u r a b l e goods demand 

w i t h " m u l t i p l i e r " l e s s t h a n o n e . U n f o r t u n a t e l y , t h i s e f f e c t o f r e c e i p t s 

upon d u r a b l e goods p u r c h a s i n g i s no t i d e n t i f i e d i n t h e e q u a t i o n s . 

N t a n d T t - 1 

F l u c t u a t i o n s i n demand p l a y an i m p o r t a n t r o l e i n f l u c t u a t i o n s 

i n t he r e a l goods m a r k e t . F i r m s ' d e c i s i o n s depend upon t h e i r a n t i c i p a t e d 

demand. The f i r m ' s know ledge o f t he s t o c h a s t i c e l emen t o f t he c u r r e n t 

and a l l f u t u r e demand c u r v e s can be summar ized by a s i n g l e s t a t i s t i c , 

N ^ . An i n c r e a s e i n t h i s s t a t i s t i c i m p l i e s t h a t t he d i s t r i b u t i o n o f t h e 

c u r r e n t and a l l f u t u r e demand s c h e d u l e s a r e s h i f t e d " o u t w a r d . " An 

i n c r e a s e i n c a n u n a m b i g u o u s l y be t a k e n a s an i n c r e a s e i n a n t i c i p a t e d 

demand, and w i l l b e r e f e r r e d t o a s a n t i c i p a t e d demand. 

F i r m s may no t f o l l o w r a t i o n a l e x p e c t a t i o n s i n t he Muth s e n s e 

when they f o rm a n t i c i p a t i o n s o f demand. However , i t i s assumed t h a t 

t h e y use t he v a r i a b l e s d e t e r m i n i n g U^ i n t he demand f u n c t i o n i n t h i s 

mode l to p r e d i c t t h e demand s c h e d u l e . T h e r e f o r e , c o n s i s t s o f l a s t 

p e r i o d c a p i t a l s t o c k , i n t e r e s t r a t e , and e q u i t y p r i c e . The i n t e r e s t 

r a t e and e q u i t y p r i c e o f t he coming p e r i o d a r e unknown to t he f i r m s when 

t h e y make t h e i r d e c i s i o n s , and p r e v i o u s p e r i o d v a l u e s a r e u s e d . F u r t h e r , 

w h e t h e r o r no t t hey use t h e s e v a r i a b l e s o p t i m a l l y , i t i s assumed t h a t 

— M e l t z e r , A l l a n , H . , " A n t i c i p a t e d I n f l a t i o n and U n a n t i c i p a t e d 
P r i c e C h a n g e s : Some T h e o r e t i c a l and E m p i r i c a l D i f f e r e n c e s , " J o u r n a l o f  
Money , C r e d i t , and B a n k i n g , F e b r u a r y 1 9 7 7 . 
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t h e y a t l e a s t ge t t he s i g n s r i g h t . A n t i c i p a t e d demand i s i n c r e a s i n g i n 

c a p i t a l s t o c k and e q u i t y p r i c e and d e c r e a s i n g i n i n t e r e s t r a t e . To be 

c o n s i s t e n t w i t h t h e d e f i n i t i o n o f N f c and h , t h e s e l a t t e r two v a r i a b l e s 

a r e assumed to be g e n e r a l i z e d random w a l k s . 

F i r m s 

The f i r m s ' p r o b l e m c a n be w r i t t e n a s 

max I g ' E i P S - c ( X ) } 
0<P(H,N) t=0 
0<X(H,N) 

0<H m(H,N)<X+H 

s u b j e c t t o : 

S t = m i n { d ( P t , U t ) , X t + H t - 1 - H j } 

H t - X t + H t - 1 " S t 

= m a x { X t + H t _ 1 - d ( P t , U t ) , H™} 

where X = o u t p u t , P = p r i c e , H m = minimum i n v e n t o r y , H = end o f p e r i o d 

i n v e n t o r y , and S = s a l e s . 

I n p r i n c i p l e , p r o p e r t i e s o f t h e d e c i s i o n f u n c t i o n s c a n be 

s o l v e d f o r u s i n g dynamic p rog ramming . Howeve r , d o i n g so i s no t s t r a i g h t ­

f o r w a r d . S t r i c t c o n c a v i t y o f t h e o b j e c t i v e f u n c t i o n i m p l i e s c o n t i n u o u s 

d e c i s i o n f u n c t i o n s i f t h e c o n s t r a i n t s e t i s c o n v e x . S t r i c t c o n c a v i t y o f 

t h e c u r r e n t p e r i o d r e t u r n f u n c t i o n does h o l d i f P d ( P , U ) i s s t r i c t l y 

c o n c a v e i n P , f o r e x a m p l e , i f d i s l i n e a r i n P . U n f o r t u n a t e l y , t he 

f u n c t i o n max{X+H-d, H m } i s n o t c o n c a v e . T h e r e f o r e , t he c o n s t r a i n t s e t 

i s no t c o n v e x . 
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I n o r d e r t o ge t r e s u l t s , we assume t h a t i n p r a c t i c e d e c i s i o n s 

l i e w i t h i n a convex s e t so t h a t t he o b j e c t i v e f u n c t i o n i s s t r i c t l y 

concave.^"—• T h i s i m p l i e s t h a t t he d e c i s i o n f u n c t i o n s a r e c o n t i n u o u s . 

We now examine t h e s o l u t i o n to t he f i r m s ' p r o b l e m . L e t g ( X , P ) 

be s u c h t h a t d [ P , g ( Z , P ) ] = Z . Then F [ g ( X + H - H m , P ) | N ] i s t he p r o b a b i l i t y 

t h a t t h e f i r m does no t s t o c k o u t . By t h e p r i n c i p l e o f o p t i m a l i t y t he 

v a l u e o f t h e f i r m c a n be d e f i n e d by t h e r e c u r s i o n r e l a t i o n : 

v [ H , N ] = max { / ^ [ P d + B v ( X + H - d , N ' ) f ( U ) | N ) d U 
X , P , H m > 0 

Hm<X+H 

+ j1[P(X+H-Hm)+gv(Hm,N')]f(U|N)dU-c(X)} 

where N ' = h ( U , N ) . The f i r s t i n t e g r a l i s p r i c e t i m e s e x p e c t e d s a l e s 

p l u s e x p e c t e d d i s c o u n t e d n e x t p e r i o d v a l u e o f t h e f i r m f o r t h e f i r m no t 

s t o c k i n g o u t , w h i l e t h e s e c o n d i n t e g r a l i s p r i c e t i m e s e x p e c t e d s a l e s 

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

s t o c k i n g o u t . By s t a n d a r d dynamic p rogramming p r o c e d u r e s i t c a n be 

shown t h a t v [ H , N ] i s u n i q u e , c o n t i n u o u s , and i n c r e a s i n g i n i t s a r g u ­

m e n t s . W h i l e v may n o t b e d i f f e r e n t i a b l e , f o r s i m p l i c i t y we w i l l t r e a t 

i t as i f i t we re two smoo th . The r e s u l t s hang on c o n c a v i t y no t o n 

d i f f e r e n t i a b i l i t y , and t he same r e s u l t s can be r i g o r o u s l y d e r i v e d u s i n g 

s m a l l f i n i t e d i f f e r e n c e s . 

The f i r s t - o r d e r c o n d i t i o n s r e q u i r e d f o r m a x i m i z a t i o n a r e : 

— T h i s p r o b l e m o f n o n c o n c a v i t y does n o t appea r i n t he p r o b l e m 
w i t h no u n c e r t a i n t y i n t h e c u r r e n t p e r i o d , b u t u n c e r t a i n t y i n t h e f u t u r e . 
T h e r e f o r e , t h i s a s s u m p t i o n does n o t seem u n r e a s o n a b l e i f t h e u n c e r t a i n t y 
f o r t h e c u r r e n t p e r i o d i s no t too " l a r g e " i n some s e n s e . 
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/ ^ g v u f ( u | N ) d U + P / 1 f ( u | N ) d U + X < c v ( X ) , = i f X > 0 
' U ti g — 

/ ^ [ ( P - g V H ) d p + d ] f ( U | N ) d U + ( X + H - H m ) / g f ( U | N ) d U < 0 , = i f P > 0 

/ g B v H f ( U | N ) d U - P / J f ( U | N ) d U - X <_ 0 , = i f H m > 0 

X + H - H m > 0 , = i f A > 0 

whe re v „ = 3 v [ m a x ( X + H - d , H m ) . N ' ) ^ = M ( P ) U ) > a n d X i s a L a g r a n g i a n 

amax(X+H-d ,H m ) m u l t i p l i e r 

These f i r s t - o r d e r c o n d i t i o n s can be r e a r r a n g e d to y i e l d some 

s i m p l e i n t e r p r e t a t i o n s w h i c h i n c r e a s e t h e i r i n t u i t i v e a p p e a l . A d d i n g 

t h e f i r s t - o r d e r c o n d i t i o n s o f X and H m y i e l d s : 

c x ( X ) > / 0 g v R f ( U | N ) d U , = i f X , H m > 0 . 

M a r g i n a l c o s t i s g r e a t e r t h a n o r e q u a l to d i s c o u n t e d e x p e c t e d m a r g i n a l 

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

t i v e i n v e n t o r y h o l d i n g s a r e p o s i t i v e . Assume f o r t h e moment t h a t d i s 

a d d i t i v e i n U so t h a t dp i s i n d e p e n d e n t o f U . S u b s t i t u t i n g t h e 

f i r s t - o r d e r c o n d i t i o n o f X i n t o t he f i r s t - o r d e r c o n d i t i o n o f P and 

r e a r r a n g i n g y i e l d s , f o r X , P , X+H-H m > 0 : 

Pd + / ^ m i n [ d , X + H - H m ] f ( U | N ) d U 

- dp • 

N o t i c e t h a t i n t he s i m p l e c o n v e n t i o n a l monopo ly mode l m a r g i n a l c o s t 
P d p + d Pd p +X 

e q u a l s m a r g i n a l r e v e n u e c a n be w r i t t e n as c (X) = —: = —A . A l s o , 
X d p d p 

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

m a r g i n a l w o r t h o f i n v e n t o r i e s u n l e s s max ima l s a l e s a r e z e r o . You d o n ' t 

s e l l goods f o r l e s s t h a n t h e i r w o r t h t o you a s i n v e n t o r i e s ! 
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U s i n g t he i m p l i c i t f u n c t i o n theorem one can d e r i v e t he e f f e c t s 

o f changes i n s t a t e v a r i a b l e s and p a r a m e t e r s on d e c i s i o n v a r i a b l e s . I n 

d o i n g s o , we u s e t h e a s s u m p t i o n t h a t t h e o b j e c t i v e f u n c t i o n i s s t r i c t l y 

j o i n t l y c o n c a v e i n X , P , H m , and H. T h i s i s n o t s u f f i c i e n t , h o w e v e r , to 

" s i g n " s e v e r a l o f t h e d e c i s i o n s o f i n t e r e s t . The a d d i t i o n o f t h e assump­

t i o n t h a t d ( P , U ) i s l i n e a r i n P and a d d i t i v e i n U i s s u f f i c i e n t f o r 

t h e s e r e s u l t s , and i s i m p o s e d . 

W i t h t h e s e a s s u m p t i o n s , t o t a l l y d i f f e r e n t i a t i n g t h e s e f i r s t -

o r d e r c o n d i t i o n s and s o l v i n g s i m u l t a n e o u s l y u s i n g C r a m e r ' s r u l e y i e l d s : 

-1 < d X / d H < 0 , d P / d H < 0 , d X / d H + 1 > d H m / d H > 0 

w i t h s t r i c t i n e q u a l i t y when t he r e s p e c t i v e d e c i s i o n v a r i a b l e i s p o s i t i v e . 

F u r t h e r , i f , c o u n t e r t o ou r a s s u m p t i o n s , c (X) = 0 , t h e n d X / d H = - 1 . 
XX 

I f dX /dH = - 1 , t h e n d P / d H = d H m / d H = 0 . I n v e n t o r i e s a r e a s u b s t i t u t e 

f o r o u t p u t and i n f l u e n c e P and H m o n l y by t h e i r e f f e c t on goods on h a n d , 

X + H ( t h i s a l s o f o l l o w s i m m e d i a t e l y f r om o b s e r v a t i o n o f t h e f i r s t - o r d e r 

c o n d i t i o n s ) . 

U s i n g t h i s p r o c e d u r e , one a l s o f i n d s t h a t : 

d X / d N > 0 , d P / d N _> 0 , bu t d H m / d N i s o f ambiguous s i g n . 

Minimum i n v e n t o r y i s s p e c u l a t i v e h o l d i n g s o f i n v e n t o r i e s . The r e l a t i v e 

i n c r e a s e s i n c u r r e n t and f u t u r e a n t i c i p a t e d demands and t he r a t e o f 

d i s c o u n t o f t he f u t u r e have to be known i n o r d e r t o p r e d i c t i f minimum 

i n v e n t o r y i s i n c r e a s i n g i n a n t i c i p a t e d demand. 

T h i s p r o c e d u r e a l s o shows t h a t : 

d X / d g _> 0 , d H m / d g j> 0» bu t d P / d g i s o f ambiguous s i g n . 
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I n t u i t i v e l y , d e c r e a s e d B can be i n t e r p r e t e d no t o n l y a s i n c r e a s e d d i s ­

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

w e l l . These two e f f e c t s a r e r e i n f o r c i n g i n t h e e x p r e s s i o n s f o r d X / d B 

and d H m / d g , bu t a r e o f f s e t t i n g te rms i n t he e x p r e s s i o n f o r d P / d S . 

S i m i l a r l y , one can show t h a t u n i f o r m i n c r e a s e s i n C (X) d e c r e a s e o u t p u t 
A 

A A A A A • • 

and minimum i n v e n t o r y and i n c r e a s e p r i c e . 

d P / d c v > 0 > d X / d c v , d H m / d c v . 
A A A 

The M a r k e t 

Now l e t us t u r n to t he marke t a s a w h o l e . F o r t he i n d i v i d u a l 

, . t h . , . 
(I ) f i r m : 

A H i = X i - d i , d i <_ X i + H i - Hnu (no t s t o c k i n g o u t ) 

= Hm. - H . , d i > X i + H i - Hm. ( s t o c k i n g o u t ) 
1 i ' x b 

H i ' = H i + A H i 

whe re AH i s i n v e n t o r y i n v e s t m e n t , H i s i n i t i a l i n v e n t o r y s t o c k , and H ' 

i s e n d - o f - p e r i o d i n v e n t o r y s t o c k . U n f o r t u n a t e l y , i t i s i m p o s s i b l e t o 

d e t e r m i n e w h i c h f i r m s i n t h e s e c t o r s t o c k o u t , t h e number o f f i r m s 

s t o c k i n g o u t , o r t h e amount o f u n s a t i s f i e d demand. 

An a d d i t i o n a l a s s u m p t i o n on s t o c k i n g ou t i s n e c e s s a r y to make 

t h e mode l o p e r a t i o n a l . D e f i n e e x c e s s demand a s demand m inus m a x i m a l 

s a l e s , d e = d - ( X + H - H m ) . Assume t h a t u n s a t i s f i e d demand ( d u ) can be 

— T h i s can b e d o n e , f o r e x a m p l e , b y r e p l a c i n g c (X) by ( l + a ) c 
X 

i n t he f i r s t - o r d e r c o n d i t i o n o f X and c o n s i d e r i n g changes i n « • 

1 2 / 
— I n t h e s e e x p e r i m e n t s we a r e h o l d i n g t he v f u n c t i o n c o n s t a n t 

T h e r e f o r e , o n l y o n e - p e r i o d changes i n p a r a m e t e r s a r e i m p o s e d . However , 
u s i n g t he u s u a l i t e r a t i v e p r o c e d u r e s t a r t i n g a t v e q u a l s t he z e r o f u n c ­
t i o n , one c a n show t h e s e s i g n s h o l d f o r a permanent c h a n g e . 
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a p p r o x i m a t e d as a l i n e a r f u n c t i o n o f t o t a l e x c e s s demand i n t he s e c t o r , 

u e 

d = a d + y , a , y > 0 , a < 1 . T h i s i s o n l y an a p p r o x i m a t i o n as e x c e s s 

demand c a n be e i t h e r p o s i t i v e o r n e g a t i v e . U n s a t i s f i e d demand, t h e 

d i f f e r e n c e between demand and s a l e s ( S ) , i s n o n n e g a t i v e . W i t h t h i s 

a s s u m p t i o n A H = X - S = X - ( d - d u ) = X - { d -a [d - (X+H-Hm) ] - y } = ( 1 - a ) ( X - d ) 

a(Hm-H) + y, where t h e v a r i a b l e s have been summed o v e r a l l f i r m s i n t h e 

i n d u s t r y , a i s t he p r o p o r t i o n o f an i n c r e a s e i n e x c e s s demand t h a t i s 

u n s a t i s f i e d , y i s u n s a t i s f i e d demand when e x c e s s demand i s z e r o , a and 

a r e d e t e r m i n e d by s u c h f a c t o r s as t h e d i s t r i b u t i o n o f i n v e n t o r i e s 

a c r o s s f i r m s , t he d i s t r i b u t i o n o f demand, t he amount o f s e a r c h , and t h e 

s u b s t i t u t a b i l i t y o f goods p r o d u c e d . The a s s u m p t i o n t h a t s u c h f a c t o r s 

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

A g g r e g a t i o n o f o u t p u t i s b y sum. I n o r d e r t o e x t e n d t h e 

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

f u n c t i o n s a r e assumed a s an a p p r o x i m a t i o n . Minimum i n v e n t o r y i s t r e a t e d 

i n t he same manner . A g g r e g a t i o n o f p r i c e i s by w e i g h t e d sum, no t by 

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

f i r m i s assumed l i n e a r and used f o r t h e a g g r e g a t e . 
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Summary 

S u m m a r i z i n g , t h e t h r e e e q u a t i o n s i n t he mode l a r e : 

(1) X = X (K_v L_v U_v i _ r P e ^ , H_ L ) 

X±, X 2 , X 5 > 0 > X 3 , X 4 , X 6 ; X 6 > -1 

(2) P = P ( K _ r L_v W _ 1 P i _ r P e ^ , H_^) 

P 3 > 0 > P 2 , P 6 

(3) AH = ( l - a ) [ X - d ( K _ 1 , i _ r P e _ r P , X ) ] 

+ a l H m C K ^ , L _ r W _ r P e ^ , H_^) -H_^] + y 

= h ( K _ 1 5 L _ L , W _ 1 5 i _ x , P e _ 1 5 H _ l f P , X) 

h 2 , h ? , h g > 0 > h 3 , h 6 ; h 6 > - 1 ; h g < 1 I3 /M/ 

V a r i a b l e s a r e d e f i n e d i n t h e a p p e n d i x . 

T h a t 0 > X , > - 1 ; P , < 0 ; h , > - 1 f o l l o w d i r e c t l y f r om t h e 

r e s u l t o f t he f i r m m a x i m i z a t i o n p r o b l e m t h a t - 1 < d X / d H < 0 < d H m / d H , 

d P / d H < 0 . hg < 0 f o l l o w s f rom the f i r m m a x i m i z a t i o n p r o b l e m , d H m / d H < 

t o g e t h e r w i t h t h e a s s u m p t i o n t h a t some f i r m s s t o c k o u t . X.. , X„ > 0 > X 

— The l a g i n a d j u s t m e n t o f o u t p u t and p r i c e t o i n t e r e s t and 
e q u i t y p r i c e , assumed i n t he B r u n n e r - M e l t z e r m o d e l , a l l o w s t he u s e o f 
p a r t i a l e q u i l i b r i u m a n a l y s i s . To a v o i d s i m u l t a n e o u s e q u a t i o n e r r o r , 
l a s t p e r i o d i n t e r e s t r a t e and e q u i t y p r i c e a r e i n c l u d e d i n t he demand 
f u n c t i o n a s w e l l . However , i n c l u d i n g c u r r e n t v a l u e s does n o t s u b s t a n ­
t i a l l y a f f e c t t h e r e s u l t s . 

1 4 / 
— R e a l o u t p u t i s w r i t t e n as a f u n c t i o n o f n o m i n a l wage , n o t 

r e a l wage. R e a l wage e q u a l t o m a r g i n a l p r o d u c t o f l a b o r i s n o t , i n 
g e n e r a l , o p t i m a l p o l i c y i n t h i s m o d e l . B e c a u s e f i r m s a r e p r i c e s e t t e r s , 
and p r i c e s a r e n o t n e c e s s a r i l y e q u i l i b r i u m p r i c e s , c e t e r i s p a r i b u s 
h i g h e r p r i c e means n o t o n l y l o w e r r e a l wage , b u t l o w e r e x p e c t e d s a l e s as 
w e l l . 
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> 0 > > 0 > f o l l o w f r om the f i r m m a x i m i z a t i o n s p r o b l e m , 

s p e c i f i c a l l y d P / d C v > 0 > d X / d C v , d H m / d C v , and d X / d N , d P / d N > 0 , and t he X X X 

a s s u m p t i o n s t h a t (a) c a p i t a l , l a b o r , and wage d e t e r m i n e m a r g i n a l c o s t , 

and (b) t h a t c a p i t a l a f f e c t s a n t i c i p a t e d demand. X^ > 0 > X^ f o l l o w s 

f r om the f i r m m a x i m i z a t i o n p r o b l e m , d X / d N , d X / d g > 0 , and t he assump­

t i o n s t h a t (a) t he r a t e o f d i s c o u n t o f t he f u t u r e i s d e t e r m i n e d by 

i n t e r e s t r a t e and e q u i t y p r i c e , and (b) t h a t t h e s e v a r i a b l e s a f f e c t 

a n t i c i p a t e d demand as p r e d i c t e d , h^ > 0 r e s u l t s f rom the a s s u m p t i o n 

t h a t demand i s d e c r e a s i n g i n p r i c e . Tha t some f i r m s s t o c k ou t and t h a t 

t h e m a r g i n a l p r o p e n s i t y to p u r c h a s e i s g r e a t e r t h a n z e r o e a c h i m p l y 

hg < 1 . The m a r g i n a l p r o p e n s i t y to p u r c h a s e b e i n g l e s s t h a n one i m p l i e s 

hg > 0 . 

P^ i s l e s s t han z e r o i f t he e f f e c t o f c a p i t a l on m a r g i n a l c o s t 

o u t w e i g h s i t s e f f e c t on a n t i c i p a t e d demand. P^ i s l e s s t h a n z e r o and Pj. 

g r e a t e r t h a n z e r o i f the i n t e r e s t r a t e and e q u i t y p r i c e e f f e c t s on t h e 

r a t e o f d i s c o u n t o f t he f u t u r e and on a n t i c i p a t e d demand a r e as p r e d i c t e d , 

and o u t w e i g h t h e i r e f f e c t s upon f i n a n c i n g c o s t s , h^ i s p o s i t i v e and h^ 

i s n e g a t i v e i f t h e e f f e c t s o f i n t e r e s t r a t e and e q u i t y p r i c e on demand 

a r e a s p r e d i c t e d and a r e l a r g e r t h a n o r r e i n f o r c e t h e i r e f f e c t s on 

minimum i n v e n t o r y , h^ i s n e g a t i v e i f t he e f f e c t o f c a p i t a l s t o c k on 

demand i s l a r g e r t han t he e f f e c t o f c a p i t a l s t o c k on minimum i n v e n t o r y . 

E m p i r i c a l E s t i m a t i o n 

The t h r e e e q u a t i o n s o f t he mode l a r e e s t i m a t e d f o r d u r a b l e and 

n o n d u r a b l e goods s e c t o r s i n t h i s s e c t i o n . The a g g r e g a t i o n o f f i r m s 

assumes i d e n t i c a l d e c i s i o n f u n c t i o n s . H i s t o r i c a l e x p e r i e n c e and economic 

t h e o r y i n d i c a t e t h a t t he d u r a b l e and n o n d u r a b l e goods s e c t o r s d i f f e r 

s u b s t a n t i a l l y . The re may a l s o be s i g n i f i c a n t d i f f e r e n c e s w i t h i n t he 
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s e c t o r s . The f o l l o w i n g e m p i r i c a l r e s u l t s a r e a j o i n t t e s t o f t h e mode l 

and o f t h e a g g r e g a t i o n to t he l e v e l o f d u r a b l e and n o n d u r a b l e goods 

p r o d u c e r s . 

The f u n c t i o n a l fo rm assumed f o r a l l e q u a t i o n s i s l i n e a r . — ' ' 

The e q u a t i o n s a r e e s t i m a t e d as a b l o c k r e c u r s i v e s y s t e m . — ' ' F i r s t - o r d e r 

s e r i a l l y c o r r e l a t e d e r r o r t e rms a r e assumed . The H i l d r e t h - L i u s e a r c h 

r o u t i n e w i t h a g r i d o f . 05 o v e r [ 0 , 1) i s used to e s t i m a t e t h e c o e f f i ­

c i e n t s and t he d e g r e e s o f s e r i a l c o r r e l a t i o n , t s t a t i s t i c s a r e p r o v i d e d 

i n p a r e n t h e s i s . F o r a d e s c r i p t i o n o f t he d a t a see t he a p p e n d i x . The 

e s t i m a t i o n p e r i o d i s 1 9 5 2 I - 1 9 7 5 I V . 

The mode l i m p l i e s t h i r t y - f o u r r e s t r i c t i o n s on t h e c o e f f i c i e n t s 

o f t he e s t i m a t e d m o d e l . T w e n t y - s i x o f t he e s t i m a t e d c o e f f i c i e n t s meet 

t h e s e r e s t r i c t i o n s w i t h s t a t i s t i c a l s i g n i f i c a n c e . — ^ Two c o e f f i c i e n t s 

v i o l a t e t he r e s t r i c t i o n s , w i t h one o f t h e s e a l m o s 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 . 

Two s e t s o f c o e f f i c i e n t s a r e o f p a r t i c u l a r i n t e r e s t w a r r a n t i n g 

d i s c u s s i o n : (a) t he c o e f f i c i e n t s o f i n v e n t o r y s t o c k i n t he s i x e q u a t i o n s 

and t he c o e f f i c i e n t s o f o u t p u t and p r i c e i n t he i n v e n t o r y i n v e s t m e n t 

e q u a t i o n s , and (b) t h e c o e f f i c i e n t s o f i n t e r e s t r a t e and e q u i t y p r i c e i n 

— In any c a s e , l o g l i n e a r o u t p u t and p r i c e f u n c t i o n s and l o g 
d i f f e r e n c e i n v e n t o r y e q u a t i o n s do n o t o u t p e r f o r m l i n e a r o n e s , and y i e l d 
s i m i l a r r e s u l t s . 

— ^ T h i s r e q u i r e s f o r i d e n t i f i c a t i o n t h a t t he e r r o r t e rms i n 
t he o u t p u t and p r i c e e q u a t i o n s be i n d e p e n d e n t o f t h o s e i n t he i n v e n t o r y 
i n v e s t m e n t e q u a t i o n . Use o f t he d u r a b l e and n o n d u r a b l e m a n u f a c t u r i n g 
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 e s a s i n s t r u m e n t a l v a r i a b l e s f o r o u t p u t has 
l i t t l e e f f e c t upon t he i n v e n t o r y i n v e s t m e n t e q u a t i o n s . T h i s p r o c e d u r e 
does r e d u c e t he a u t o c o r r e l a t i o n o f t he n o n d u r a b l e e q u a t i o n a l m o s t t o 
z e r o . I n s t r u m e n t a l v a r i a b l e s f o r p r i c e a r e u n n e c e s s a r y a s goods and 
i n v e n t o r y i n v e s t m e n t d e f l a t o r s a r e v e r y d i f f e r e n t . 

— — r e s u l t w i l l be r e f e r r e d t o a s s i g n i f i c a n t i f t he n u l l 
h y p o t h e s i s i s r e j e c t e d a t t he 95 p e r c e n t l e v e l o f c o n f i d e n c e w i t h a two-
t a i l e d t t e s t . 



- 21 -

t h e s i x e q u a t i o n s . These c o e f f i c i e n t s d e t e r m i n e t he i n v e n t o r y a d j u s t m e n t 

p r o c e s s and t he impac t o f f i n a n c i a l m a r k e t s o n t he b u s i n e s s c y c l e , 

r e s p e c t i v e l y . I n t h e f o l l o w i n g s e c t i o n o f t h i s p a p e r t h e p o i n t e s t i m a t e s 

o f t h e s e c o e f f i c i e n t s w i l l be used i n s i m u l a t i o n o f t he m o d e l . 

(1) Ou tpu t 

I n v e n t o r y s t o c k has a h i g h l y s i g n i f i c a n t n e g a t i v e c o e f f i c i e n t 

be tween z e r o and m i n u s one i n b o t h r e g r e s s i o n s , a s p r e d i c t e d . B o t h 

c o e f f i c i e n t s a r e c l o s e t o minus o n e , s h o w i n g t h a t s u b s t a n t i a l a d j u s t m e n t 

o f o u t p u t t o i n v e n t o r y s t o c k o c c u r s w i t h i n a q u a r t e r . The d u r a b l e 

c o e f f i c i e n t i s c l o s e r t o m inus o n e , i n d i c a t i n g t h a t t h e o u t p u t a d j u s t ­

ment o f d u r a b l e goods p r o d u c e r s i s somewhat l a r g e r t h a n t h a t o f n o n ­

d u r a b l e goods p r o d u c e r s . T h i s r e s u l t i s a b i t s u r p r i s i n g g i v e n t h e 

f a c t s t h a t d u r a b l e goods p r o d u c e r s have s m a l l e r s t o r a g e c o s t s and d u r a b l e 

goods i n v e n t o r i e s d o m i n a t e t h e i n v e n t o r y c y c l e . 

E q u i t y p r i c e has t he p r e d i c t e d p o s i t i v e c o e f f i c i e n t s i n t he 

r e g r e s s i o n s . The d u r a b l e c o e f f i c i e n t i s t w i c e a s l a r g e as and more 
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s i g n i f i c a n t t h a n t h e n o n d u r a b l e c o e f f i c i e n t . — T h i s d i f f e r e n t i a l i s 

c o n s i s t e n t w i t h d u r a b l e goods b e i n g a c l o s e r s u b s t i t u t e f o r e x i s t i n g 

c a p i t a l s t o c k t h a n a r e n o n d u r a b l e g o o d s . The i n t e r e s t r a t e c o e f f i c i e n t s 

a r e s m a l l and i n s i g n i f i c a n t . 

(2) P r i c e 

I n v e n t o r y s t o c k has a s i g n i f i c a n t n e g a t i v e i m p a c t upon n o n d u r a b l e 

goods p r i c e b u t no s i g n i f i c a n t e f f e c t upon d u r a b l e goods p r i c e . T h i s i s 

c o n s i s t e n t w i t h t he o b s e r v a t i o n s t h a t d u r a b l e goods p r o d u c e r s have s m a l l e r 

— As n o n d u r a b l e o u t p u t e x c e e d s d u r a b l e o u t p u t , t he e l a s t i c i t y 
i s l a r g e r i n t h e d u r a b l e e q u a t i o n a s w e l l . 
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s t o r a g e c o s t s and t h a t t he i n v e n t o r y c y c l e i s dom ina ted by d u r a b l e 

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

a d j u s t m e n t . 

I n t h e f i r m m a x i m i z a t i o n p r o b l e m , i n i t i a l i n v e n t o r y s t o c k 

i n f l u e n c e s p r i c e by i t s e f f e c t upon goods on h a n d , o u t p u t p l u s i n v e n t o r y 

s t o c k . B e c a u s e o f t he l a r g e a d j u s t m e n t o f o u t p u t f o r i n v e n t o r y s t o c k , 

i n v e n t o r y s t o c k has a s m a l l e f f e c t upon goods on h a n d . I n a d d i t i o n , t h e 

f i r m m a x i m i z a t i o n p r o b l e m shows t h a t t h e f a c t o r s d e t e r m i n i n g m a r g i n a l 

c o s t i n f l u e n c e p r i c e by t h e i r e f f e c t s upon t he o u t p u t d e c i s i o n , and 

t h e r e b y upon goods on h a n d . T h i s s u g g e s t s t he d r o p p i n g o f c a p i t a l , 

l a b o r , and wage f r o m the p r i c e e q u a t i o n s , and t he r e p l a c e m e n t o f i n v e n ­

t o r y s t o c k by goods on h a n d , X + H . When t h i s i s d o n e , goods on hand 

h a s a h i g h l y s i g n i f i c a n t n e g a t i v e c o e f f i c i e n t i n b o t h d u r a b l e and n o n -
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d u r a b l e p r i c e r e g r e s s i o n s . — P r i c e s a r e s e n s i t i v e to goods on h a n d . 

The s i g n s o f t he c o e f f i c i e n t s o f e q u i t y p r i c e and i n t e r e s t 

r a t e i n t h e p r i c e e q u a t i o n s were n o t p r e d i c t e d . A p o s i t i v e e q u i t y p r i c e 

c o e f f i c i e n t and a n e g a t i v e i n t e r e s t r a t e c o e f f i c i e n t i n d i c a t e t h a t t h e 

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

a n t i c i p a t e d demand a r e more i m p o r t a n t t h a n t h e i r e f f e c t s upon t he mar ­

g i n a l f i n a n c i n g c o s t o f o u t p u t . I n b o t h r e g r e s s i o n s e q u i t y p r i c e has a 

n e g a t i v e c o e f f i c i e n t , i m p l y i n g t h a t goods p r o d u c e r s t r e a t i n c r e a s e s i n 

e q u i t y p r i c e as d e c r e a s i n g f i n a n c i n g c o s t . The c o e f f i c i e n t i n t h e 

n o n d u r a b l e e q u a t i o n i s t h r e e t i m e s a s l a r g e i n a b s o l u t e v a l u e and much 

more s i g n i f i c a n t . T h i s r e s u l t i s c o n s i s t e n t w i t h a l a r g e r p o s i t i v e 

a n t i c i p a t e d demand e f f e c t o f e q u i t y p r i c e f o r d u r a b l e g o o d s . Once 

a g a i n , n e i t h e r o f t he i n t e r e s t r a t e c o e f f i c i e n t s i s s i g n i f i c a n t . 

— T h i s h o l d s t r u e i f t h e o u t p u t component o f goods on hand i s 
r e p l a c e d by an i n s t r u m e n t a l v a r i a b l e fo rmed f r om 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 . 
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(3) I n v e n t o r y I n v e s t m e n t 

O u t p u t has h i g h l y s i g n i f i c a n t p o s i t i v e c o e f f i c i e n t s l e s s t h a n 

o n e , a s p r e d i c t e d , i n b o t h r e g r e s s i o n s . P r i c e h a s s i g n i f i c a n t p o s i t i v e 

c o e f f i c i e n t s i n b o t h i n v e n t o r y i n v e s t m e n t r e g r e s s i o n s . The h i g h e r 

p r i c e , t he l o w e r demand and t he more i n v e n t o r i e s a r e a c c u m u l a t e d . 

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

and e q u i t y p r i c e a n e g a t i v e c o e f f i c i e n t i n t h e d u r a b l e e q u a t i o n . The 

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

upon minimum i n v e n t o r y . I n t h e n o n d u r a b l e e q u a t i o n , i n t e r e s t r a t e h a s a 

p o s i t i v e c o e f f i c i e n t , a l t h o u g h i t i s much s m a l l e r t h a n i n t he d u r a b l e 

e q u a t i o n . F o r n o n d u r a b l e g o o d s , as w e l l as f o r d u r a b l e g o o d s , demand i s 

d e c r e a s i n g i n i n t e r e s t r a t e , and t h i s e f f e c t upon demand i s l a r g e r t h a n 

t h e e f f e c t upon minimum i n v e n t o r y . I n c o n t r a s t , t h e e q u i t y p r i c e c o e f ­

f i c i e n t i s p o s i t i v e and s i g n i f i c a n t i n t h e n o n d u r a b l e e q u a t i o n . E q u i t y 

p r i c e h a s a s m a l l e r e f f e c t upon n o n d u r a b l e goods demand t h a n upon n o n ­

d u r a b l e goods minimum i n v e n t o r y . Once a g a i n , t h e s e e q u i t y p r i c e c o e f ­

f i c i e n t s a r e c o n s i s t e n t w i t h d u r a b l e goods b e i n g a c l o s e s u b s t i t u t e f o r 
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e x i s t i n g c a p i t a l s t o c k , w h i l e n o n d u r a b l e goods a r e n o t . — 

U n l i k e i n t h e o u t p u t and p r i c e r e g r e s s i o n s , b o t h i n t e r e s t r a t e 

and e q u i t y p r i c e have s i g n i f i c a n t c o e f f i c i e n t s i n t he i n v e n t o r y i n v e s t ­

ment r e g r e s s i o n s . T h e r e f o r e , we c a n r e j e c t t h e h y p o t h e s i s t h a t i n t e r e s t 

r a t e and e q u i t y p r i c e a r e two measures o f t h e same r a t e o f r e t u r n . 

S t a b i l i t y o f C o e f f i c i e n t s 

An i m p o r t a n t t e s t o f e s t i m a t e d c o e f f i c i e n t s i s w h e t h e r t h e y 

a r e s e n s i t i v e to t he e s t i m a t i o n p e r i o d . Of g r e a t e s t i n t e r e s t i s w h e t h e r 

2 0 / 
— When t h e 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 e s a r e used a s i n s t r u m e n t a l 

v a r i a b l e s f o r o u t p u t , e q u i t y p r i c e h a s a n e g a t i v e c o e f f i c i e n t i n b o t h 
e q u a t i o n s . The n e g a t i v e c o e f f i c i e n t i n t he n o n d u r a b l e i n v e n t o r y i n v e s t ­
ment e q u a t i o n i s s m a l l e r i n a b s o l u t e v a l u e . 
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t h e c o e f f i c i e n t s a r e c o n s t a n t o v e r t he b u s i n e s s c y c l e o r w h e t h e r t h e r e 

i s asymmetry i n t he b e h a v i o r o f t h e dependen t v a r i a b l e s . To t e s t f o r 

t h i s t he d u r a b l e and n o n d u r a b l e e q u a t i o n s we re e a c h r u n on two s u b -

p e r i o d s ; q u a r t e r s when t he r e s p e c t i v e o u t p u t r o s e and q u a r t e r s when i t 

f e l l . F s t a t i s t i c s were c a l c u l a t e d to d e t e r m i n e w h e t h e r t he change i n 

c o e f f i c i e n t s o v e r t h e two p e r i o d s was s i g n i f i c a n t . The n u l l h y p o t h e s i s 

o f no change o f c o e f f i c i e n t s i s r e j e c t e d a t t h e 95 p e r c e n t l e v e l o f 

c o n f i d e n c e f o r t he d u r a b l e and n o n d u r a b l e o u t p u t , d u r a b l e p r i c e , and 
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d u r a b l e i n v e n t o r y i n v e s t m e n t e q u a t i o n s . — 

The a p p a r e n t change i n c o e f f i c i e n t s i s most s i g n i f i c a n t i n t he 

two o u t p u t e q u a t i o n s . I n b o t h e q u a t i o n s i n b o t h s u b p e r i o d s most o f t he 

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

The most n o t a b l e changes o f c o e f f i c i e n t s i n the o u t p u t e q u a t i o n s a r e i n 

t h e i n v e n t o r y c o e f f i c i e n t s . S e e m i n g l y , i n v e n t o r y s t o c k i s i m p o r t a n t i n 

d e t e r m i n i n g w h e t h e r o u t p u t w i l l r i s e o r f a l l b u t i s l e s s i m p o r t a n t 

( a l t h o u g h s t i l l s i g n i f i c a n t ) i n d e t e r m i n i n g t he r a t e o f o u t p u t g i v e n 

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

We can t e s t t h i s e x p l a n a t i o n o f t he i n s t a b i l i t y o f t he c o e f f i c i e n t s 

i n t he o u t p u t e q u a t i o n s . The v a r i a b l e s a r e a l l f i r s t d i f f e r e n c e d . Then 

t he e q u a t i o n s a r e e s t i m a t e d w i t h a dummy v a r i a b l e e q u a l t o one i n 

q u a r t e r s when o u t p u t r o s e and z e r o o t h e r w i s e . The dummies a r e v e r y 

h i g h l y s i g n i f i c a n t i n b o t h d u r a b l e and n o n d u r a b l e o u t p u t e q u a t i o n s (but 

n o t i n p r i c e o r i n v e n t o r y i n v e s t m e n t e q u a t i o n s ) . M o r e o v e r , a l t h o u g h t h e 

changes i n i n t e r c e p t and s l o p e s a r e s i g n i f i c a n t a t t h e 9 9 . 9 p e r c e n t 

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

s i g n i f i c a n t a t t h e 90 p e r c e n t l e v e l i n e i t h e r e q u a t i o n . Most o f t h e 

— T h i s i s t r u e f o r t he l o g l i n e a r f u n c t i o n a l f o rm as w e l l . 
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c o e f f i c i e n t s , i n c l u d i n g t he i n v e n t o r y c o e f f i c i e n t s , a r e s m a l l e r i n 

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

We c o n c l u d e t h a t t he i n s t a b i l i t y o f t h e c o e f f i c i e n t s i n t he 

o u t p u t e q u a t i o n s o v e r t he c y c l e does no t r e p r e s e n t asymmetry i n t he 

b e h a v i o r o f o u t p u t . R a t h e r , t h e r e i s l e s s v a r i a n c e to be e x p l a i n e d 

g i v e n t he o u t p u t i s r i s i n g o r f a l l i n g . The i n d e p e n d e n t v a r i a b l e s , 

n o t a b l y i n v e n t o r y s t o c k , have a l a r g e r o l e i n d e t e r m i n i n g whe the r o u t p u t 

w i l l r i s e o r f a l l b u t have a s m a l l e r i m p a c t upon t he r a t e o f r i s e o r 

f a l l . The p r o b l e m h a s been moved b a c k one s t e p . The q u e s t i o n r e m a i n s 

why t he r a t e o f r i s e o r f a l l o f o u t p u t s h o u l d be r e l a t i v e l y i n s e n s i t i v e 

t o t h e i n d e p e n d e n t v a r i a b l e s . 

S i m u l a t i o n 

By s i m u l a t i o n some o f t he p r o p e r t i e s o f t he e s t i m a t e d c o e f f i c i e n t s 

2 2 / 

can be i l l u s t r a t e d . — The o u t p u t , p r i c e , and i n v e n t o r y i n v e s t m e n t 

e q u a t i o n s t o g e t h e r w i t h t h e i d e n t i t y H t = H f c _ 1 + A H t g e n e r a t e d i f f e r e n c e 

e q u a t i o n s i n i n v e n t o r i e s . U s i n g the e s t i m a t e d c o e f f i c i e n t s t h e s e 

d i f f e r e n c e e q u a t i o n s a r e v e r y s t a b l e . H o l d i n g a l l i n d e p e n d e n t v a r i a b l e s 

c o n s t a n t , an imposed d rop i n i n v e n t o r y s t o c k r e s u l t s i n a r a p i d , smooth 

r e t u r n o f i n v e n t o r y s t o c k to the e q u i l i b r i u m l e v e l d e t e r m i n e d by t he 

i n d e p e n d e n t v a r i a b l e s . A t t he same t i m e , o u t p u t jumps up and r e t u r n s 

s m o o t h l y t o i t s e q u i l i b r i u m l e v e l . N o n d u r a b l e goods p r i c e a l s o r i s e s 

r a p i d l y and r e t u r n s s m o o t h l y to i t s e q u i l i b r i u m l e v e l . D u r a b l e p r i c e i s 

2 2 / 
— These s i m u l a t i o n s do no t t a k e i n t o a c c o u n t t he e f f e c t o f 

t he r e a l goods marke t on the l a b o r and a s s e t m a r k e t s , and t h e r e s u l t i n g 
f e e d b a c k e f f e c t on t he r e a l goods m a r k e t . Use o f t he i n s t r u m e n t a l 
v a r i a b l e c o e f f i c i e n t s o f t he i n v e n t o r y i n v e s t m e n t e q u a t i o n s changes none 
o f t he r e s u l t s i n t h i s s e c t i o n . 
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u n a f f e c t e d . Suppose t he p r e d e t e r m i n e d v a r i a b l e s undergo a permanent 

s h i f t i n c r e a s i n g e q u i l i b r i u m o u t p u t and i n v e n t o r y s t o c k s . I n v e n t o r y 

a d j u s t s s m o o t h l y to t he new e q u i l i b r i u m l e v e l . Outpu t jumps above i t s 

new h i g h e r e q u i l i b r i u m l e v e l , and t h e n a d j u s t s s m o o t h l y downward to t h a t 

l e v e l . Shocks i n t r o d u c e d to t he r e a l goods marke t can y i e l d t he p a t t e r n 

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

The q u e s t i o n rema ins w h e t h e r s h o c k s f r om the a s s e t ma rke t s can 

e x p l a i n the p r o c y c l i c a l i n t e r e s t r a t e . Sequences o f i n t e r e s t r a t e and 

p r i c e o f a s s e t s a r e imposed on t he e q u a t i o n s , o t h e r p r e d e t e r m i n e d 

v a r i a b l e s h e l d f i x e d . I n t e r e s t r a t e i s c o u n t e r c y c l i c a l when i n t e r e s t 

r a t e and e q u i t y p r i c e move i n o p p o s i t e d i r e c t i o n s , and p r o c y c l i c a l when 

they move t o g e t h e r . I n most o f the p o s t w a r p e r i o d , i n t e r e s t r a t e and 

p r i c e o f a s s e t s have a c t u a l l y moved t o g e t h e r ; bond and e q u i t y p r i c e have 

been i n v e r s e l y r e l a t e d . When t he o b s e r v e d sequence o f i n t e r e s t r a t e and 

e q u i t y p r i c e a r e i m p o s e d , i n t e r e s t r a t e i s p r o c y c l i c a l t h r o u g h t he 

1 9 6 0 ' s . 

We canno t i n f e r f r om the mode l what monetary and f i s c a l p o l i c y 

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

B r u n n e r - M e l t z e r model p r i c e o f e q u i t y i s d e t e r m i n e d p r o x i m a t e l y i n t he 

money marke t and i n t e r e s t r a t e p r o x i m a t e l y i n t he c r e d i t m a r k e t . I f 

t h i s h o l d s , t h e n s i m u l t a n e o u s i n c r e a s e s o r d e c r e a s e s i n money and d e b t 

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

F o r t he two r e c e n t downturns and r e c o v e r i e s a c o u n t e r c y c l i c a l 

i n t e r e s t r a t e a p p e a r s i n t he s i m u l a t i o n s , as o b s e r v e d . I n t h e s e c y c l e s 

i n t e r e s t r a t e and e q u i t y p r i c e have been n e g a t i v e l y r e l a t e d . T h i s 

c a u s e s l a r g e r and l o n g e r a d j u s t m e n t s o f goods o u t p u t i n t he s i m u l a t i o n s . 

An i n c r e a s e i n i n t e r e s t r a t e and a d e c r e a s e i n e q u i t y p r i c e d e c r e a s e s 
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e q u i l i b r i u m goods o u t p u t bu t i n c r e a s e s e q u i l i b r i u m i n v e n t o r y . As a 

r e s u l t , o u t p u t i s s h a r p l y d e c r e a s e d and t h e n c o n t i n u e s to f a l l to i t s 

e q u i l i b r i u m l e v e l . I n c o n t r a s t , when i n t e r e s t r a t e and e q u i t y p r i c e 

f a l l t o g e t h e r , b o t h e q u i l i b r i u m goods o u t p u t and i n v e n t o r y f a l l . I n 

t h i s c a s e o u t p u t i s s h a r p l y d e c r e a s e d and then r i s e s to i t s o n l y s l i g h t l y 

r e d u c e d e q u i l i b r i u m l e v e l . 

When i n t e r e s t r a t e and e q u i t y p r i c e a r e n e g a t i v e l y r e l a t e d 

they have s u b s t a n t i a l impac t upon e q u i l i b r i u m o u t p u t . When i n t e r e s t 

r a t e and e q u i t y p r i c e a r e p o s i t i v e l y r e l a t e d most o u t p u t change i s 

temporary as an a d j u s t m e n t o f i n v e n t o r i e s . Assume a g a i n t h a t e q u i t y 

p r i c e and i n t e r e s t r a t e a r e d e t e r m i n e d p r o x i m a t e l y i n t he money and 

c r e d i t ma rke t s r e s p e c t i v e l y . T h i s i m p l i e s t h a t d e f i c i t s f i n a n c e d by 

d e b t and money have a s h a r p b u t s h o r t - l i v e d e f f e c t on o u t p u t , whe reas 

open marke t o p e r a t i o n s have a s h a r p and l a s t i n g e f f e c t . 

D u r a b l e goods domina te the i n v e n t o r y c y c l e i n t he s i m u l a t i o n s 

as t hey do i n r e a l i t y . The s i m u l a t i o n s do show a l a r g e r n o n d u r a b l e 

2 3 / 
c y c l e i n 1974-1975 t h a n i n e a r l i e r r e c e s s i o n s , a l s o as o b s e r v e d . — 

Government E x p e n d i t u r e s 

I t has been shown t h a t a p r o c y c l i c a l i n t e r e s t r a t e may be 

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

a n t i c i p a t e d i n f l a t i o n r a t e . T h i s does no t p r o v e t h a t a l l d i s t u r b a n c e s 

2 3 / 
— The s i m u l a t e d f l u c t u a t i o n s a r e o f somewhat s m a l l e r magn i t ude 

than have a c t u a l l y o c c u r r e d . P r e s u m a b l y s h i f t s i n t he l a b o r marke t tend 
to dampen t h e c y c l e s , s o one canno t a p p e a l to t he f e e d b a c k f r o m the 
l a b o r m a r k e t . T h e r e a r e l i k e l y to be s h o r t - r u n c o s t s to a d j u s t i n g l a b o r 
w h i c h a r e r e f l e c t e d i n the c o e f f i c i e n t s of l a b o r i n the o u t p u t e q u a t i o n s . 
By h o l d i n g l a b o r f i x e d the s h o r t - r u n n a t u r e o f t h e s e a d j u s t m e n t c o s t s 
a r e i g n o r e d and t he a d j u s t m e n t o f o u t p u t o v e r t he c y c l e u n d e r s t a t e d . 
The s m a l l e r v a r i a t i o n i n the s i m u l a t i o n s was t o be e x p e c t e d as r e g r e s ­
s i o n i s a s m o o t h i n g t e c h n i q u e and the e r r o r s a r e a u t o c o r r e l a t e d . 
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a r e m o n e t a r y . The e s t i m a t e d i n t e r e s t r a t e c o e f f i c i e n t s i n t he o u t p u t 

e q u a t i o n s a r e s m a l l and i n s i g n i f i c a n t , c o n t r a r y to p r e d i c t i o n . E x c l u ­

s i o n o f i m p o r t a n t e x p l a n a t o r y v a r i a b l e s c o u l d have f o r c e d t h i s r e s u l t . 

The e s t i m a t i o n p r o c e d u r e has to r e c o n c i l e t he o b s e r v e d o u t p u t and 

i n t e r e s t r a t e s e q u e n c e s . The e m p i r i c a l r e s u l t s c o u l d be i n t e r p r e t e d to 

mean t h a t a p r o c y c l i c a l i n t e r e s t r a t e can be g e n e r a t e d o n l y i f i n t e r e s t 

r a t e has a s m a l l e f f e c t upon o u t p u t . 

The o u t p u t and p r i c e e q u a t i o n s a r e h i g h l y a u t o c o r r e l a t e d , and 

f i r s t d i f f e r e n c e s t a t i o n a r i t y canno t be r u l e d o u t . W h i l e f i r s t d i f f e r ­

ence s t a t i o n a r i t y i s w e l l a c c e p t e d f o r p r i c e s , i t i s l e s s a c c e p t a b l e i n 

a r e a l o u t p u t e q u a t i o n . I n d e e d , t h i s h i g h d e g r e e o f a u t o c o r r e l a t i o n can 

be t a k e n as e v i d e n c e o f i m p o r t a n t e x c l u d e d v a r i a b l e s . I n a d d i t i o n , t h e 

i n s t a b i l i t y o f t he c o e f f i c i e n t s i n t he e s t i m a t e d o u t p u t e q u a t i o n s s u g g e s t s 

an e x c l u d e d v a r i a b l e c o r r e l a t e d w i t h b o t h t he e x p l a n a t o r y v a r i a b l e s and 

t he dummy v a r i a b l e on r i s i n g o u t p u t . 

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

I n no t e x p l i c i t l y t r e a t i n g the gove rnmen t , i t i s i m p l i c i t l y assumed t h a t 

f i s c a l p o l i c y i s an endogenous v a r i a b l e . How the government f i n a n c e s 

i t s e x p e n d i t u r e s i s i m p o r t a n t , b u t t he e x p e n d i t u r e s t h e m s e l v e s c o n t a i n 

no i n d e p e n d e n t i n f o r m a t i o n . The government i s a p u r c h a s i n g agen t f o r 

t he p u b l i c . 

As C a r l C h r i s t has n o t e d , g i v e n the g o v e r n m e n t ' s budge t 

c o n s t r a i n t , t h r e e o f t he f o u r v a r i a b l e s government e x p e n d i t u r e , t a x , 

change i n b a s e money, and change i n government deb t can be t a k e n as 

2 4 / 
i n d e p e n d e n t v a r i a b l e s . — In t he model i n t h i s p a p e r , w h i c h does no t 

— C h r i s t , C a r l , "A S i m p l e Mac roeconom ic M o d e l w i t h a Government 
Budget C o n s t r a i n t , " J o u r n a l o f P o l i t i c a l Economy, J a n u a r y 1968 . 
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i n c l u d e the c r e d i t and money m a r k e t s , t h r e e o f t he f o u r v a r i a b l e s 

government e x p e n d i t u r e , t a x , i n t e r e s t r a t e , and e q u i t y p r i c e can be 

t a k e n as i n d e p e n d e n t . The C h r i s t example i s f o l l o w e d , and t a x i s 

d r o p p e d . T h e r e f o r e , we a r e s t u d y i n g the e f f e c t o f government e x p e n d i ­

t u r e f i n a n c e d i n a manner t h a t l e a v e s i n t e r e s t r a t e and e q u i t y p r i c e 

unchanged . The p r o p o r t i o n s o f t a x , d e b t , and money f i n a n c i n g t h i s 

r e q u i r e s i s no t e x a m i n e d . 

The re a r e s e v e r a l e c o n o m e t r i c p rob lems i n v o l v e d i n t he i n c l u s i o n 

o f government e x p e n d i t u r e s as e x p l a n a t o r y v a r i a b l e s . Government e x p e n ­

d i t u r e s i s a component o f r e a l o u t p u t . T h e r e f o r e , i t i s l i k e l y to be 

c o r r e l a t e d w i t h t he e r r o r terms i n t he o u t p u t e q u a t i o n s . S e c o n d l y , 

government e x p e n d i t u r e may be the r e s u l t o f c o u n t e r c y c l i c a l p o l i c y , 

2 5 / 

w h i c h i n t r o d u c e s s i m u l t a n e o u s e q u a t i o n e r r o r . — L a s t l y , government 

e x p e n d i t u r e t h i s q u a r t e r i s a good s u b s t i t u t e f o r government e x p e n d i t u r e 

n e x t q u a r t e r . T h i s too may b i a s downward t he e s t i m a t e d m u l t i p l i e r . To 

a v o i d t h e s e p rob lems a r e a c t i o n f u n c t i o n i s s p e c i f i e d . T h i s r e a c t i o n 

f u n c t i o n i s u s e d to fo rm i n s t r u m e n t a l v a r i a b l e s f o r government e x p e n d i t u r e s . 

The v a r i a b l e s i n the r e a c t i o n f u n c t i o n a r e : armed f o r c e s 

employment (ARM) , t ime t r e n d ( T ) , t he gap be tween the a v e r a g e g rowth 

p a t h o f r e a l p o t e n t i a l GNP and r e a l p o t e n t i a l GNP i t s e l f ( G a p p o t ) , t he 

gap between r e a l p o t e n t i a l GNP and an i n s t r u m e n t a l v a r i a b l e f o r a c t u a l 

r e a l GNP ( G a p ) , t h a t i n s t r u m e n t a l v a r i a b l e f o r r e a l GNP ( X ) , and i n f l a ­

t i o n r a t e l a g g e d ( A p / p _ ^ ) . The gap be tween p o t e n t i a l GNP and i t s g rowth 

p a t h i s used on t he a s s u m p t i o n t h a t t he government may t r y to u s e e x p e n d i t u r e 

— See G o l d f e l d , S t e p h e n M . , and A l a n S . B l i n d e r , "Some I m p l i c a t i o n s 
o f Endogenous S t a b i l i z a t i o n P o l i c y , " B r o o k i n g s P a p e r s on Economic A c t i v i t y , 
3 , 1972 . 
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p o l i c y to s t i m u l a t e c a p i t a l a c c u m u l a t i o n o r p r o d u c t i v i t y . I n c l u s i o n o f 

t he gap between p o t e n t i a l GNP and the i n s t r u m e n t a l v a r i a b l e f o r a c t u a l 

GNP a l l o w s f o r c o u n t e r c y c l i c a l p o l i c y . The i n s t r u m e n t a l v a r i a b l e f o r 

a c t u a l GNP i s used as the government may tend to spend a c o n s t a n t 

26 / 

p r o p o r t i o n o f o u t p u t . — L a s t l y , i n f l a t i o n r a t e i s i n c l u d e d b e c a u s e 

e x p e n d i t u r e p o l i c y may be used to ( o r a c t as i f i t i s used t o ) f i g h t 

i n f l a t i o n . 

The d e t e r m i n a t i o n of c o r r e c t f i s c a l p o l i c y i n d i c a t o r v a r i a b l e s 

has p r o v e n to be a t h o r n y p r o b l e m . However , t h e p r o b l e m i s though t t o 

be l e s s s e v e r e f o r government p u r c h a s e s than o t h e r e l e m e n t s o f the 

2 7 / 

b u d g e t . — In t h i s paper f e d e r a l government e x p e n d i t u r e s f o r d u r a b l e 

(GD) and n o n d u r a b l e (GN) goods a r e c o n s i d e r e d . The d i s t r i b u t i o n o f 

government e x p e n d i t u r e w i t h i n t h e s e c a t e g o r i e s p r o b a b l y has l e s s i m p o r ­

t a n c e a t t he a g g r e g a t e l e v e l t h a n , s a y , t he d i s t r i b u t i o n o f government 

e x p e n d i t u r e be tween t r a n s f e r s and goods p u r c h a s i n g . 

The a p p r o a c h has an o b v i o u s d r a w b a c k . Revenue g e n e r a t e d i n 

t he d u r a b l e goods i n d u s t r i e s by government e x p e n d i t u r e may no t be s p e n t 

o n l y on d u r a b l e g o o d s . Revenue g e n e r a t e d i n o t h e r s e c t o r s by government 

e x p e n d i t u r e may be s p e n t on d u r a b l e g o o d s . C l e a r l y to s t u d y the t r a ­

d i t i o n a l m u l t i p l i e r s i n s t r u m e n t a l v a r i a b l e s f o r o t h e r fo rms o f government 

26 / 
— The i n s t r u m e n t a l v a r i a b l e f o r r e a l GNP i s d e r i v e d u s i n g t he 

e s t i m a t e d c o e f f i c i e n t s o f a H i l d r e t h - L i u r e g r e s s i o n . R e a l GNP i s 
r e g r e s s e d on l a g g e d c a p i t a l , man-hours o f p r o d u c t i o n w o r k e r s i n manu­
f a c t u r i n g , c o m p e n s a t i o n p e r m a n - h o u r , i n t e r e s t r a t e , e q u i t y p r i c e , 
b u s i n e s s i n v e n t o r y s t o c k , and i n f l a t i o n , and c u r r e n t armed f o r c e s e m p l o y ­
ment , t ime t r e n d , gap between p o t e n t i a l r e a l GNP and i t s g rowth p a t h , 
and p o t e n t i a l r e a l GNP. T h i s e q u a t i o n i s t he o u t p u t e q u a t i o n w i t h t he 
o t h e r v a r i a b l e s o f t he r e a c t i o n f u n c t i o n added as i n d e p e n d e n t v a r i a b l e s . 

27 / 
— B l i n d e r , A l a n S . , and R o b e r t M. S o l o w , " A n a l y t i c F o u n d a t i o n s 

o f F i s c a l P o l i c y , " i n The Economics o f P u b l i c F i n a n c e , W a s h i n g t o n , D. C . , 
The B r o o k i n g s I n s t i t u t i o n , c . 1974 . 
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e x p e n d i t u r e must be i n c l u d e d i n t he e q u a t i o n s . U n f o r t u n a t e l y , m u l t i -

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

f a r a s i t i n f l u e n c e s c a p i t a l f o r m a t i o n , i s assumed no t to a f f e c t w e a l t h 

and p r i v a t e demand f o r n o n d u r a b l e s . W h i l e i n c r e a s e d r e v e n u e s f r o m 

government e x p e n d i t u r e may i n c r e a s e p u r c h a s e s o f d u r a b l e s , i t i s hoped 

t h a t government d u r a b l e e x p e n d i t u r e a d e q u a t e l y c a p t u r e s t h i s e f f e c t . 

The government e x p e n d i t u r e te rm i n t he o u t p u t and p r i c e 

e q u a t i o n s i s assumed to be a n t i c i p a t e d government demand. I n t he i n v e n ­

t o r y i n v e s t m e n t e q u a t i o n the government e x p e n d i t u r e t e rm i s b o t h a c t u a l 

and a n t i c i p a t e d government demand. 

The re may be many t r e n d s i n f l u e n c i n g t he economy w h i c h a r e not 

i n c l u d e d i n t he m o d e l . To c a p t u r e the e f f e c t s o f such t r e n d s t ime i s 

e n t e r e d i n t o t he e q u a t i o n s as an i ndependen t v a r i a b l e . The c o e f f i c i e n t s 

o f t ime t r e n d r e f l e c t t he e f f e c t s o f any e x c l u d e d v a r i a b l e w h i c h has 

* . •, . 2 8 / changed a t a f a i r l y c o n s t a n t r a t e o v e r t i m e . — 

R e a c t i o n F u n c t i o n s 

The e s t i m a t e d r e a c t i o n f u n c t i o n s f o r f e d e r a l government 

e x p e n d i t u r e on d u r a b l e and n o n d u r a b l e goods a r e p r e s e n t e d b e l o w . 

F o r n o n d u r a b l e goods a l l the c o e f f i c i e n t s a r e s i g n i f i c a n t 

e x c e p t i n f l a t i o n r a t e . N o n d u r a b l e e x p e n d i t u r e r i s e s w i t h t he s i z e o f 

t he armed f o r c e s . N o n d u r a b l e e x p e n d i t u r e a p p a r e n t l y i s used to t r y to 

s t i m u l a t e o r r e t a r d t he g rowth o f p o t e n t i a l GNP, a somewhat s u r p r i s i n g 

r e s u l t . The g o v e r n m e n t ' s n o n d u r a b l e e x p e n d i t u r e has a s i g n i f i c a n t 

c o u n t e r c y c l i c a l component b u t a t t he same t ime i t i s i n c r e a s i n g i n r e a l 

— V a r i a b l e s t h a t have been c h a n g i n g a t a c o n s t a n t r a t e i n t he 
p a s t may s t o p d o i n g s o . A s i g n i f i c a n t c o e f f i c i e n t o n t i m e t r e n d i s a 
w a r n i n g t h a t e r r o r s may no t be s t a t i o n a r y i n t he f u t u r e . 
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GNP. The n e t e f f e c t o f a change i n r e a l GNP upon n o n d u r a b l e government 

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

n o n d u r a b l e e x p e n d i t u r e has been d e c r e a s i n g o v e r t i m e . 

In c o n t r a s t w i t h n o n d u r a b l e s , i n t he d u r a b l e e q u a t i o n only-

i n f l a t i o n r a t e has a s i g n i f i c a n t c o e f f i c i e n t . W h i l e t he o t h e r v a r i a b l e s 

a l l have the same s i g n s as i n the n o n d u r a b l e e q u a t i o n , they a r e a l l 

s m a l l e r and l e s s s i g n i f i c a n t . D u r a b l e e x p e n d i t u r e i s no t used i n a 

l a r g e way to s t i m u l a t e g rowth o r to s t a b i l i z e the economy. The re a p p e a r s 

t o be a p o l i c y d i c h o t o m y t h a t o u t p u t t a r g e t s a r e to be h i t by t he n o n ­

d u r a b l e p u r c h a s i n g i n s t r u m e n t , and i n f l a t i o n t a r g e t s a r e t o be h i t by 

d u r a b l e goods p u r c h a s i n g . I n t e r e s t i n g l y , t he c o e f f i c i e n t on armed 

f o r c e s employment i s no t l a r g e i n t he d u r a b l e e q u a t i o n . P e r h a p s t h e r e 

i s t r u t h to D e f e n s e Depar tment s t a t e m e n t s t h a t many ( d u r a b l e ) weapons 

s y s t e m programs a r e p o s t p o n e d d u r i n g w a r t i m e . 

M o d e l E s t i m a t e s 

P r o v i d e d be low a r e t he r e e s t i m a t e d d u r a b l e and n o n d u r a b l e 

o u t p u t e q u a t i o n s . Time t r e n d and t he i n s t r u m e n t a l v a r i a b l e f o r g o v e r n ­

ment e x p e n d i t u r e s a r e i n c l u d e d as i n d e p e n d e n t v a r i a b l e s . The o t h e r 

r e e s t i m a t e d e q u a t i o n s o f t he mode l a r e u n r e m a r k a b l e , e x c e p t t he d u r a b l e 

p r i c e e q u a t i o n . I n t h a t e q u a t i o n government e x p e n d i t u r e has a s i g n i f i ­

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

o c c u r r e d b e f o r e 1972 ( t h e base y e a r ) and t h e d u r a b l e goods p u r c h a s e d by 

t he government have had h i g h e r i n f l a t i o n t h a n o t h e r d u r a b l e g o o d s . 

U n l i k e f o r o u t p u t and i n v e n t o r i e s , a g g r e g a t i o n o f p r i c e s i s by w e i g h t e d 

sum. The r e e s t i m a t e d p r i c e and i n v e n t o r y i n v e s t m e n t e q u a t i o n s p a s s t he 

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

s u b s t a n t i a l l y imp rove t h e p r o p e r t i e s of t he o u t p u t e q u a t i o n s . 

I n b o t h o u t p u t e q u a t i o n s i n t e r e s t r a t e has t he p r e d i c t e d 

n e g a t i v e c o e f f i c i e n t s . These c o e f f i c i e n t s a r e h i g h l y s i g n i f i c a n t , and 

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

a u t o c o r r e l a t i o n , a s measured by P , i s much r e d u c e d by t h e i n t r o d u c t i o n 

o f t ime and government e x p e n d i t u r e , p a r t i c u l a r l y f o r t h e d u r a b l e o u t p u t 

e q u a t i o n . The c o e f f i c i e n t o f i n v e n t o r y s t o c k i s r e d u c e d i n a b s o l u t e 

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

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

t h a t d u r a b l e goods p r o d u c e r s a r e s l o w e r t o a d j u s t i n v e n t o r i e s t h a n a r e 

n o n d u r a b l e goods p r o d u c e r s . T h i s r e s u l t i s c o n s i s t e n t w i t h h i g h e r 

d u r a b l e s t o r a g e c o s t s and w i t h a l a r g e r d u r a b l e i n v e n t o r y c y c l e . The 

t e s t s f o r s t a b i l i t y o f c o e f f i c i e n t s a r e p e r f o r m e d . Once a g a i n , t h e s e 

show t h a t t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n i n t e r c e p t when o u t p u t i s 

r i s i n g o r f a l l i n g , b u t no t a s i g n i f i c a n t d i f f e r e n c e i n s l o p e s . The 

dummy v a r i a b l e f o r o u t p u t r i s i n g i s i n c l u d e d as an e x p l a n a t o r y v a r i a b l e . 

C o n t r a r y t o t h e p r e v i o u s f i n d i n g , t he s i z e s o f t h e r e m a i n i n g c o e f f i c i e n t s 

a r e n o t g r e a t l y r e d u c e d . 

The c o e f f i c i e n t s o f d u r a b l e and n o n d u r a b l e government e x p e n d i t u r e s 

i n t h e o u t p u t e q u a t i o n s a r e 2 . 4 and 1 . 1 , r e s p e c t i v e l y . These can be 

i n t e r p r e t e d a s " u n - c r o w d e d o u t " i m p a c t m u l t i p l i e r s . They a r e " u n -

c rowded o u t " b e c a u s e i n t e r e s t r a t e and e q u i t y p r i c e a r e h e l d f i x e d . 

They a r e i m p a c t m u l t i p l i e r s b e c a u s e t he n o m i n a l l a b o r s u p p l y c u r v e , 

c a p i t a l s t o c k , and i n v e n t o r y s t o c k (bu t no t r e v e n u e ! ) , a r e h e l d f i x e d . 

S h o r t - r u n m u l t i p l i e r s c a n e a s i l y be o b t a i n e d . The e s t i m a t e d 

mode l e q u a t i o n s a r e used t o s i m u l a t e a m a i n t a i n e d i n c r e a s e i n government 

e x p e n d i t u r e . We t h e r e b y d e r i v e t he m a i n t a i n e d i n c r e a s e i n o u t p u t a f t e r 
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i n v e n t o r y s t o c k a d j u s t m e n t b u t b e f o r e a d j u s t m e n t o f t he n o m i n a l l a b o r 

s u p p l y c u r v e and c a p i t a l s t o c k . The r e s u l t i n g "unc rowded o u t " s h o r t - r u n 

29, 
m u l t i p l i e r s f o r d u r a b l e and n o n d u r a b l e goods a r e 1.4 and . 3 , r e s p e c t i v e l y . — ' 

I n t he s h o r t r u n , even w i t h o u t the p o t e n t i a l l y l a r g e c r o w d i n g ou t e f f e c t s , 

t h e r e i s s u b s t a n t i a l s u b s t i t u t i o n o f government f o r p r i v a t e n o n d u r a b l e 

demand. T h i s may be t r u e f o r d u r a b l e goods as w e l l . One e x p l a n a t i o n 

f o r t he l a r g e r d u r a b l e m u l t i p l i e r i s t h a t n o n d u r a b l e demand i s no t 

s e n s i t i v e to c u r r e n t r e v e n u e w h i l e d u r a b l e demand i s . The m u l t i p l i e r 

f o r n o n d u r a b l e goods i s v e r y r o b u s t to changes i n samp le and s p e c i f i ­

c a t i o n , w h i l e t h a t f o r d u r a b l e goods i s n o t . 

I n t e r e s t r a t e has l a r g e n e g a t i v e c o e f f i c i e n t s i n b o t h o u t p u t 

e q u a t i o n s . S i m u l a t i o n s w i t h e q u a l p e r c e n t a g e changes i n i n t e r e s t r a t e 

and e q u i t y p r i c e a r e p e r f o r m e d . I n t h e s e s i m u l a t i o n s i n t e r e s t r a t e i s 

o n l y s l i g h t l y p r o c y c l i c a l . However , e q u i t y p r i c e i s more v o l a t i l e t h a n 

i n t e r e s t r a t e . The a c t u a l i n t e r e s t r a t e and e q u i t y p r i c e s e q u e n c e s a l s o 

a r e i m p o s e d . A s t r o n g l y p r o c y c l i c a l i n t e r e s t r a t e a p p e a r s i n t h e s e 

s i m u l a t i o n s i n much o f t he p e r i o d b e f o r e 1969 . A f t e r 1969 t h e i n t e r e s t 

r a t e i s u s u a l l y c o u n t e r c y c l i c a l , as o b s e r v e d i n r e a l i t y . W h i l e g o v e r n ­

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

o f a p r o c y c l i c a l i n t e r e s t r a t e can s t i l l be made and w i t h o u t a p p e a l i n g 

to a n t i c i p a t e d i n f l a t i o n . 

Summary and C o n c l u d i n g Comments 

The r e a l goods marke t i s s t a b l e . A f t e r a o n e - p e r i o d s h o c k to 

demand (o r any v a r i a b l e i n t he sys tem) o u t p u t , p r i c e , and i n v e n t o r i e s 

— These s i m u l a t i o n s t a k e t he q u e s t i o n a b l e e s t i m a t e d d u r a b l e 
p r i c e e q u a t i o n as g i v e n . H o l d i n g p r i c e s f i x e d t he s h o r t - r u n m u l t i p l i e r s 
a r e 1 .3 and . 3 f o r d u r a b l e s and n o n d u r a b l e s , r e s p e c t i v e l y . 
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r e t u r n q u i c k l y and s m o o t h l y to t h e i r e q u i l i b r i u m l e v e l s . I f t h e r e i s a 

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

q u i c k l y and s m o o t h l y to i t s new e q u i l i b r i u m . T h i s smooth a d j u s t m e n t o f 

i n v e n t o r i e s i s a c h i e v e d by o u t p u t mov ing q u i c k l y to a p o i n t c l o s e to o r 

beyond i t s new e q u i l i b r i u m l e v e l and t h e n s m o o t h l y a p p r o a c h i n g t h i s new 

e q u i l i b r i u m l e v e l . 

The i m p l i e d s h a r p a d j u s t m e n t o f o u t p u t i s i m p o r t a n t . The 

economy i s c h a r a c t e r i z e d by o c c a s i o n a l s h a r p changes i n o u t p u t . Such 

b e h a v i o r i s no t g e n e r a t e d by the u s u a l l a g g e d p a r t i a l a d j u s t m e n t m o d e l s . 

M o r e o v e r , t h e s e s h a r p movements i n o u t p u t a r e o f t e n t a k e n as e v i d e n c e o f 

t h e i n s t a b i l i t y o f t he r e a l goods m a r k e t . However , t he s i m u l a t i o n s 

u s i n g t h i s i n v e n t o r y model show a s t a b l e r e a l goods marke t g e n e r a t i n g 

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

a s s e t s , o r o t h e r p r e d e t e r m i n e d v a r i a b l e s . 

On t he a v e r a g e , a s u b s t a n t i a l a d j u s t m e n t o f o u t p u t to i n v e n t o r y 

s t o c k o c c u r s w i t h i n a q u a r t e r . A s a r e s u l t , t h e r e i s l i t t l e s e n s i t i v i t y 

o f p r i c e to i n i t i a l i n v e n t o r y s t o c k . The q u e s t i o n r e m a i n s why o u t p u t 

a d j u s t m e n t i s used more t h a n p r i c e a d j u s t m e n t i n t he s h o r t r u n . T h i s 

b e h a v i o r can be e x p l a i n e d i n t h i s model by n e a r l y c o n s t a n t m a r g i n a l 

c o s t s . 

I n c l u s i o n o f government e x p e n d i t u r e s as i n d e p e n d e n t v a r i a b l e s 

imp roves t he e s t i m a t e d o u t p u t e q u a t i o n s i n terms o f a u t o c o r r e l a t i o n , 

s t a b i l i t y o f c o e f f i c i e n t s , f i t , and e s t i m a t e d i n t e r e s t r a t e c o e f f i c i e n t s . 

However , t he i m p a c t m u l t i p l i e r s o f government e x p e n d i t u r e g r e a t l y exceed 

t h e s h o r t - r u n m u l t i p l i e r s c a l c u l a t e d a f t e r a l l o w i n g f o r s t o c k a d j u s t ­

ment . The e s t i m a t e d " u n - c r o w d e d o u t " s h o r t - r u n m u l t i p l i e r s a r e 1.4 and 

. 3 f o r d u r a b l e and n o n d u r a b l e goods e x p e n d i t u r e s , r e s p e c t i v e l y . T h i s 
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r a i s e s t he p o s s i b i l i t y t h a t p r e v i o u s s t u d i e s o f m u l t i p l i e r s o f government 

e x p e n d i t u r e have e x a g g e r a t e d t h e i r magn i t ude by i g n o r i n g t h e t r a n s i e n t 

n a t u r e o f i n v e n t o r y a d j u s t m e n t . 

I n t e r e s t r a t e and e q u i t y p r i c e i n f l u e n c e t he a d j u s t m e n t 

p r o c e s s o f i n v e n t o r i e s , a n d , t h e r e f o r e , o f t he r e a l goods marke t by 

i n f l u e n c i n g f i r m s ' d e c i s i o n s and demand. The s i g n i f i c a n c e o f b o t h 

i n t e r e s t r a t e and e q u i t y p r i c e has i m p o r t a n t i m p l i c a t i o n s . I n t e r e s t 

r a t e and e q u i t y p r i c e a r e no t two measures o f t he same t h i n g . T h i s need 

no t i m p l y t h a t i n t e r e s t r a t e i s a measure o f r e a l i n t e r e s t r a t e r a t h e r 

t han o f a n t i c i p a t e d i n f l a t i o n o v e r the samp le p e r i o d . I t can o n l y be 

no ted t h a t t he e s t i m a t e d c o e f f i c i e n t s a r e as p r e d i c t e d under t he assump­

t i o n t h a t n o m i n a l i n t e r e s t r a t e measures r e a l i n t e r e s t r a t e . These 

c o e f f i c i e n t s may a l s o be c o n s i s t e n t w i t h some models w i t h t he t r a d i ­

t i o n a l t r a n s m i s s i o n mechan ism. N e v e r t h e l e s s , t he r e s u l t s do l e n d 

s u p p o r t to t he p o s i t i o n t h a t bonds and money o r bonds and e q u i t y c a n n o t 

be t r e a t e d as c l o s e s u b s t i t u t e s i n t he s h o r t r u n . I f t h i s h o l d s , t hen 

t h e money and c r e d i t ma rke t s canno t be c o l l a p s e d i n t o a s i n g l e m a r k e t . 

The t r a n s m i s s i o n mechanism does no t work s o l e l y t h r o u g h one r a t e o f 

r e t u r n . M o n e t a r y p o l i c y can have a l a s t i n g i m p a c t , and the s i m u l a t i o n s 

i n d i c a t e t h a t i t may. 

The s i m u l a t i o n s i n t h i s p a p e r show t h a t i f d i s t u r b a n c e s i n t he 

a s s e t ma rke t s cause the f l u c t u a t i o n s i n t he o u t p u t m a r k e t , and i f i n t e r e s t 

r a t e and e q u i t y p r i c e move t o g e t h e r , i n t e r e s t r a t e s h o u l d be p r o c y c l i c a l . 

We need no t use a n t i c i p a t e d i n f l a t i o n as an e x p l a n a t i o n f o r t h i s phenomena. 

The e s t i m a t e d c o e f f i c i e n t s i n the i n v e n t o r y i n v e s t m e n t e q u a t i o n s 

show t h a t i n v e n t o r y i n v e s t m e n t i s no t a d e c i s i o n v a r i a b l e o f t he f i r m . 

R a t h e r i n v e n t o r y i n v e s t m e n t i s a r e s i d u a l d e t e r m i n e d by t he f i r m s ' 



- 37 -

o u t p u t , p r i c e , and minimum i n v e n t o r y d e c i s i o n s and t he r e a l i z e d demand 

s c h e d u l e . The s i g n i f i c a n t c o e f f i c i e n t s o f i n v e n t o r y s t o c k i n t he i n v e n ­

t o r y i n v e s t m e n t e q u a t i o n s show t h a t s t o c k i n g o u t , a n d , t h e r e f o r e , u n -

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

goods m a r k e t . D u r i n g d i s e q u i l i b r i u m u n d e s i r e d i n v e s t m e n t does o c c u r i n 

t he f o rm o f u n d e s i r e d i n v e n t o r y a c c u m u l a t i o n , and u n d e s i r e d s a v i n g does 

r e s u l t f rom f i r m s s t o c k i n g o u t . 



A p p e n d i x : D e s c r i p t i o n o f D a t a 

HD = ( f o u r t i m e s ) D u r a b l e B u s i n e s s I n v e n t o r y s t o c k s , b i l l i o n s o f 
1972 d o l l a r s , end o f p e r i o d , c a l c u l a t e d by summing i n v e n t o r y 
i n v e s t m e n t b a c k to 1 9 4 7 - 1 . 

HN = ( f o u r t i m e s ) N o n d u r a b l e B u s i n e s s I n v e n t o r y s t o c k s , b i l l i o n s o f 
1972 d o l l a r s end o f p e r i o d , c a l c u l a t e d by summing i n v e n t o r y 
i n v e s t m e n t b a c k t o 1 9 4 7 - 1 . 

XD = D u r a b l e Goods O u t p u t , b i l l i o n s o f 1972 d o l l a r s , a t a n n u a l 
r a t e s . 

XN = N o n d u r a b l e Goods O u t p u t , b i l l i o n s o f 1972 d o l l a r s , a t a n n u a l 
r a t e s . 

PD = D u r a b l e Goods GNP I m p l i c i t P r i c e D e f l a t o r , 1972 = 100 . 

PN = N o n d u r a b l e Goods GNP I m p l i c i t P r i c e D e f l a t o r , 1972 = 1 0 0 . 

Pe = E q u i t y P r i c e , S t a n d a r d and P o o r ' s I ndex o f S t o c k P r i c e s , 
months a v e r a g e d , d i v i d e d by K , 1972 = 1 0 0 . 

i = I n t e r e s t r a t e , M o o d y ' s AAA bond r a t e (mean ~ 4 . 0 ) , months 
a v e r a g e d . 

W = Wage, c o m p e n s a t i o n p e r man-hour i n t he p r i v a t e non fa rm economy 
1972=100. 

LD = L a b o r , m i l l i o n s o f man-hours o f p r o d u c t i o n w o r k e r s on d u r a b l e 
m a n u f a c t u r i n g p a y r o l l s p e r week . 

LN = L a b o r m i l l i o n s o f man -hou rs o f p r o d u c t i o n w o r k e r s on n o n d u r a b l 
m a n u f a c t u r i n g p a y r o l l s p e r week. 

K = C a p i t a l , g r o s s b u s i n e s s s t r u c t u r e s and equ ipment i n $1972 . 
Q u a r t e r l y f i g u r e s d e r i v e d by a s s u m i n g c o n s t a n t g r o w t h t h r o u g h ­
ou t t he y e a r . 

Hm = Minimum i n v e n t o r y . 

Goods on hand = X + H _ ^ . 

Goods a v a i l a b l e f o r s a l e = X + - H = max ima l s a l e s . 

GD = F e d e r a l government e x p e n d i t u r e f o r d u r a b l e g o o d s , b i l l i o n s o f 
1972 d o l l a r s . 

GN = F e d e r a l government e x p e n d i t u r e f o r n o n d u r a b l e g o o d s , b i l l i o n s 
o f 1972 d o l l a r s . 

ARM = Armed F o r c e s Employment . 



T = Time t r e n d . 

Gappot = Gap be tween g r o w t h r a t e o f p o t e n t i a l GNP $1972 and p o t e n t i a l 
GNP $ 1 9 7 2 . 

Gap = Gap be tween p o t e n t i a l GNP $1972 and an i n s t r u m e n t a l v a r i a b l e 
f o r GNP $ 1 9 7 2 . 

X = I n s t r u m e n t a l v a r i a b l e f o r GNP $ 1 9 7 2 . 

A p / p = Lagged y e a r - o v e r - y e a r i n f l a t i o n r a t e o f t he GNP d e f l a t o r . 

C a p i t a l S t o c k i s measured by t o t a l b u s i n e s s s t r u c t u r e s and 

e q u i p m e n t . S e r i e s on t he c a p i t a l s t o c k s o f d u r a b l e and n o n d u r a b l e goods 

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

Wage i s measured by c o m p e n s a t i o n p e r man -hou r . C o m p e n s a t i o n 

a l s o i s no t a v a i l a b l e on a d u r a b l e and n o n d u r a b l e goods p r o d u c e r s b a s i s . 

A v e r a g e h o u r l y e a r n i n g s a r e a v a i l a b l e a t a d i s a g g r e g a t e d l e v e l , bu t 

a v e r a g e h o u r l y e a r n i n g s e x c l u d e a ma jo r p o r t i o n o f t he t r u e wage . As a 

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

i n t he r e g r e s s i o n s r e p o r t e d i n t h i s p a p e r . L a b o r i s measured by man-

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

m a n u f a c t u r e r s p a y r o l l s . Of c o u r s e , much o f goods p r o d u c i n g employment 

i s n o t a t m a n u f a c t u r e r s , and t he m a n u f a c t u r i n g man-hours a r e p r o x i e s f o r 

t o t a l man-hours i n d u r a b l e and n o n d u r a b l e goods p r o d u c i n g i n d u s t r i e s . 

A l l v a r i a b l e s e x c e p t c a p i t a l a r e s e a s o n a l l y a d j u s t e d . I n t e r e s t 

r a t e s and s t o c k p r i c e s c a n be f ound i n t h e F e d e r a l R e s e r v e B u l l e t i n 

C o m p e n s a t i o n , Manhours and Employment i n B u r e a u o f L a b o r S t a t i s t i c s 

p u b l i c a t i o n s , and a l l o t h e r v a r i a b l e s i n t he Su rvey o f C u r r e n t B u s i n e s s . 
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