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The v i e w s e x p r e s s e d h e r e i n a r e s o l e l y t h o s e o f t he a u t h o r and do no t 
n e c e s s a r i l y r e p r e s e n t t he v i e w s of 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 
o r t h e F e d e r a l R e s e r v e S y s t e m . The m a t e r i a l c o n t a i n e d i s o f a p r e l i m i n a r y 
n a t u r e , i s c i r c u l a t e d to s t i m u l a t e d i s c u s s i o n , and i s no t to be q u o t e d 
w i t h o u t p e r m i s s i o n o f t he a u t h o r . 



S e v e r a l h y p o t h e s e s have been advanced to e x p l a i n t he u n u s u a l l y 

l a r g e a c c u m u l a t i o n o f e x c e s s r e s e r v e s i n the 1 9 3 0 s . One o f t h e s e h y p o t h e s e s 

i s t he t h e o r y o f the i n e r t i a e f f e c t advanced b y M o r r i s o n ; t h i s mode l h a s 

as i t s c e n t r a l t e n e t the n o t i o n t h a t a b a n k ' s demand f o r c a s h r e s e r v e s 

v a r i e s i n v e r s e l y w i t h i t s e x p e c t e d o r f o r e c a s t c a s h i n f l o w . — ^ T h i s 

p a p e r e x p l o r e s f o r t h i s t y p e o f s t a t i c p a r t i a l e q u i l i b r i u m model t he 

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

2 / 

fo rmed r a t i o n a l l y i n the s e n s e o f Muth.— The i m p o s i t i o n o f r a t i o n 

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

a p p l i c a t i o n o f the b a s i c mode l to a g g r e g a t e d a t a and d e l i v e r s s e v e r a l 

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

The model we w i l l c o n s i d e r d i f f e r s s l i g h t l y f rom the one M o r r i s o n 

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

h i s m o d e l . B a s i c a l l y , the model i s a s i m p l e o n e - p e r i o d i n v e n t o r y mode l 

i n w h i c h an i n d i v i d u a l bank a c t s to m i n i m i z e i t s e x p e c t e d l o s s e s (o r to 

max im ize i t s e x p e c t e d p r o f i t s ) i n the f a c e o f b o t h u n c e r t a i n c a s h f l o w s 

and l e g a l r e s e r v e r e q u i r e m e n t s . A s i n g l e bank i s p resumed to h o l d o n l y 

two t y p e s o f a s s e t s — n o n i n t e r e s t - b e a r i n g c a s h and f i x e d i n t e r e s t - b e a r i n g 

" l o a n s " ( s e c u r i t i e s ) — a n d to i s s u e t h r e e t y p e s o f l i a b i l i t i e s — n o n i n t e r e s t -

b e a r i n g demand d e p o s i t s , f i x e d i n t e r e s t - b e a r i n g s h o r t - t e r m d e b t , and 

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

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

a s s o c i a t e d w i t h m e e t i n g i t s end o f p e r i o d r e s e r v e r e q u i r e m e n t s . These 

e x p e c t e d t r a n s a c t i o n s ( o r p e n a l t y ) c o s t s a r i s e f rom the p o s s i b i l i t y o f 

c a s h d r a i n s o c c u r i n g d u r i n g the p e r i o d w h i c h l e a v e t he b a n k ' s c a s h 
3 / 

p o s i t i o n s h o r t o f t h a t n e c e s s a r y to meet i t s l e g a l r e s e r v e r e q u i r e m e n t s . — 

M i n i m i z a t i o n o f t he e x p e c t e d l o s s f u n c t i o n r e s u l t s i n a demand f o r 
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e x c e s s r e s e r v e s w h i c h i s a f u n c t i o n o f t he s h o r t - t e r m r a t e o f i n t e r e s t , 

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

o f changes i n t he b a n k ' s e x c e s s r e s e r v e p o s i t i o n r e s u l t i n g f r om the 

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

r e s e r v e s i s g i v e n b y : 

x = f ( r , g , u , a 2 ) 

where x r e p r e s e n t s e x c e s s r e s e r v e s , g i s the p r o x y f o r t h e r e l e v a n t 

t r a n s a c t i o n s c o s t s , u i s the mean o f t he d i s t r i b u t i o n o f the c a s h f l o w s , 

2 

and o r e p r e s e n t s some measure o f t he v a r i a n c e o f the d i s t r i b u t i o n o f 

c a s h f l o w s . 

I n M o r r i s o n ' s f ramework , u a c t u a l l y r e p r e s e n t s the banks 

e x p e c t e d o r f o r e c a s t c a s h i n f l o w o v e r the p e r i o d . The c e n t r a l h y p o t h e s i s 

i n h i s mode l i s t h a t a b a n k ' s demand f o r c a s h v a r i e s i n v e r s e l y w i t h t h i s 

e x p e c t e d i n f l o w ; e . g . , i f the e x p e c t e d i n f l o w i s s m a l l o r n e g a t i v e , t he 

amount o f c a s h h e l d t o p r o t e c t a g a i n s t t he e x p e c t e d c a s h d r a i n w i l l 

i n c r e a s e . M o r r i s o n g i v e s e m p i r i c a l c o n t e n t to t h i s n o t i o n o f e x p e c t e d 

c a s h i n f l o w b y c o n s i d e r i n g a v a r i a b l e he te rms t r a n s i t o r y d e p o s i t p o t e n t i a l . 

D e p o s i t p o t e n t i a l i s d e f i n e d as the r a t i o o f t o t a l r e s e r v e s t o t he 

a v e r a g e r e q u i r e d r e s e r v e r a t i o , and thus i t s u p p o s e d l y t a k e s i n t o a c c o u n t 

t he i n t e r d e p e n d e n c e between t o t a l and r e q u i r e d r e s e r v e s . T r a n s i t o r y 

p o t e n t i a l d e p o s i t s a r e t hen t he d i f f e r e n c e be tween c u r r e n t a c t u a l d e p o s i t 

p o t e n t i a l and t he b a n k ' s e x p e c t e d l o n g - r u n o r pe rmanen t d e p o s i t p o t e n t i a l . 

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

l o w , and v i c e - v e r s a . Thus M o r r i s o n h y p o t h e s i z e s t h a t e x c e s s r e s e r v e s 

v a r y d i r e c t l y w i t h t r a n s i t o r y p o t e n t i a l d e p o s i t s . I n h i s mode l we t h e n 

have a b a n k ' s demand f o r e x c e s s r e s e r v e s p ( e x p r e s s e d a s a p e r c e n t a g e 
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o f n e t d e p o s i t s s u b j e c t to r e s e r v e r e q u i r e m e n t s ) as a f u n c t i o n o f the 

s h o r t - t e r m i n t e r e s t r a t e r , the f e d e r a l r e s e r v e d i s c o u n t r a t e r^ (used 

as t he p e n a l t y c o s t v a r i a b l e ) , the y i e l d s p r e a d P be tween c o r p o r a t e 

bonds o f d i f f e r e n t g rade (used as a p r o x y f o r v a r i a t i o n s i n d e f a u l t r i s k 

on e a r n i n g a s s e t s ) , and t r a n s i t o r y p o t e n t i a l d e p o s i t s q ( e x p r e s s e d as a 

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

p e = f ( r , r d , P , q ) . - 7 

M o r r i s o n i n v o k e s t he s t a n d a r d mechan ism o f e x p r e s s i n g the demand f u n c t i o n 

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

homogene i t y a s s u m p t i o n p u t s t he demand f u n c t i o n f o r c a s h i n the u s u a l 

f o rm a s s o c i a t e d w i t h the modern q u a n t i t y t h e o r y . The mode l we a r e 

c o n s i d e r i n g , t h e r e f o r e , d i f f e r s f r om M o r r i s o n ' s e x p r e s s i o n i n t h a t o u r 

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

and t he l e v e l o f n e t d e p o s i t s s u b j e c t to r e s e r v e r e q u i r e m e n t s . Mos t o f 

t he e m p i r i c a l t e s t s w i l l be c o n d u c t e d t w i c e , h o w e v e r — o n c e u s i n g the 

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

I n a d d i t i o n , M o r r i s o n found t h a t f o r the p e r i o d s i n w h i c h we a r e i n t e r e s t e d , 

n e i t h e r t he d i s c o u n t r a t e n o r the y i e l d s p r e a d on c o r p o r a t e bonds were 

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

e n t i r e l y f r o m the f i n a l f o rm o f h i s e s t i m a t e d e q u a t i o n s . We w i l l d rop 

b o t h v a r i a b l e s f r om the e q u a t i o n i t s e l f ; t h e y w i l l , h o w e v e r , e n t e r t he 

e m p i r i c a l work i n a manner to be i n d i c a t e d b e l o w . 

To f a c i l i t a t e the a n a l y s i s , we d e f i n e the f o l l o w i n g v a r i a b l e s : 

e x c e s s r e s e r v e s 

n e t d e p o s i t s s u b j e c t t o r e s e r v e r e q u i r e m e n t s 

x i t 

d . 
i t 
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c . = t o t a l r e s e r v e s i t 

k = a v e r a g e r e q u i r e d r e s e r v e r a t i o a t t ime t 

d p ^ ^ = k = d e p o s i t p o t e n t i a l 

/s 

t d p ^ t + ^ = e x p e c t e d (permanent ) d e p o s i t p o t e n t i a l a t t i m e t 

t d ^ t + ^ = e x p e c t e d (permanent ) d e p o s i t s a t t i m e t 

t d p ^ t = ^ P i t

-

t ^ P i t + l = t r a n s i t o r y d e p o s i t p o t e n t i a l 

t d . = d . - d . , , = t r a n s i t o r y d e p o s i t s i t x t t xt+1 

where f o r e a c h v a r i a b l e w i t h o u t a c a r e t t he s u b s c r i p t i r e f e r s t o the 

i 1 "* 1 bank and t he s u b s c r i p t t r e f e r s to the t f c p e r i o d . The v a r i a b l e s 

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

the p e r i o d d u r i n g w h i c h the f o r e c a s t i s made and t he s e c o n d f o l l o w i n g 

s u b s c r i p t i n d i c a t i n g the p e r i o d f o r w h i c h the f o r e c a s t i s made. 

F o r an i n d i v i d u a l bank a t t ime t , e x c e s s r e s e r v e s a r e a l i n e a r 

f u n c t i o n o f r f c and t d ^ t > i . e . , 

(1) x . t = a . r t + e±(*it-tlt+1) + e i t = a ± r t + B . d t . t + ^ 

where the sequence e^ t > i = l » •••> N r e p r e s e n t s s e r i a l l y i n d e p e n d e n t 

m u t u a l l y u n c o r r e l a t e d random terms w i t h mean 0 and f i n i t e v a r i a n c e . 

T e s t s o f the h y p o t h e s i s h i n g e c r i t i c a l l y on t he s p e c i f i c a t i o n 

o f an e x p e c t a t i o n s mechan ism by w h i c h banks f o rm t h e i r f o r e c a s t s o f 

e x p e c t e d o r permanen t d e p o s i t s ; M o r r i s o n emp loyed the a d a p t i v e e x p e c t a 

t i o n s f ramework o f Cagan and F r i edman .—^ A c c o r d i n g to t h i s n o t i o n , t he 

e x p e c t e d o r permanent l e v e l o f d e p o s i t s i s r e v i s e d a t a r a t e w h i c h i s 

p r o p o r t i o n a l t o the d i f f e r e n c e be tween a c t u a l d e p o s i t s a t t i m e t and 

e x p e c t e d d e p o s i t s , i . e . , 
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V i t + i ^ i ^ i t f t W -

A s i d e f r om a t r e n d component , t he r e s u l t i n g f o r e c a s t i n g scheme f o r t he 

i f c k b a n k i s o f the f o rm 

CO 
(2) fc<LtJ, = ( 1 - X . ) I Xkd. , -
v t i t + 1 1 k=0 1 l t - k 

We s e e k now to e x p l o r e t he i m p l i c a t i o n s f o r the b e h a v i o r o f an a g g r e g a t e d 

c l a s s o f banks o f i n c l u s i o n i n a mode l l i k e (1) o f the n o t i o n t h a t 

f o r e c a s t s o f the e x p e c t e d o r permanent l e v e l s o f d e p o s i t s f o r the i ^ 

bank a r e o p t i m a l e c o n o m i c and s t a t i s t i c a l f o r e c a s t s , b a s e d on the i n f o r 

m a t i o n a v a i l a b l e a t t ime t . 



1. A g g r e g a t i o n Over a C l a s s o f Banks 

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

t he g o a l i s t o examine the p e r f o r m a n c e o f the model f o r the a g g r e g a t e 

d a t a we p o s s e s s f o r a g g r e g a t e d c l a s s e s o f b a n k s . M o r r i s o n emp loyed the 

n o t u n u s u a l t e c h n i q u e o f p o s i t i n g t h a t an e q u a t i o n o f e x a c t l y the same 

fo rm as (1) a l s o d e s c r i b e s the b e h a v o r i a l r e l a t i o n s h i p f o r an a g g r e g a t e d 

c l a s s o f N b a n k s , i . e . , 

(3) x t = a r t + 6 ( D t - t D t + 1 ) + ^ 

= a r t + g T D t + e t 

where x^. r e p r e s e n t s a g g r e g a t e e x c e s s r e s e r v e s , r e p r e s e n t s a g g r e g a t e 

d e p o s i t s , e t i s an a g g r e g a t e d d i s t u r b a n c e te rm w i t h mean 0 and f i n i t e 

v a r i a n c e , t

D

t + ^ r e p r e s e n t s t he f o r e c a s t o f the permanent o r e x p e c t e d 

l e v e l o f a g g r e g a t e d e p o s i t s a t t i m e t+1 b a s e d on i n f o r m a t i o n a v a i l a b l e 

a t t i m e t , and T D t i s a g g r e g a t e t r a n s i t o r y d e p o s i t s . In a d d i t i o n , t h i s 

f o r e c a s t i s fo rmed u s i n g a g g r e g a t e d a t a i n a manner i d e n t i c a l to t h a t 

used by an i n d i v i d u a l bank to f o r e c a s t i t s own permanent l e v e l o f d e p o s i t s : 

CO 

(4) t D t + 1 = (1-X>J X D t _ k . 

k=0 

M o r r i s o n c o r r e c t l y acknow ledges the r e s u l t i n g a g g r e g a t i o n b i a s i n t r o 

duced i n t he e s t i m a t i o n o f (3) and (4) v i a t h i s f o r m u l a t i o n , — ^ b u t i t i s 

i n t e r e s t i n g h e r e to c o n s i d e r b r i e f l y t he t y p e s o f r e s t r i c t i o n s n e c e s s a r y 

t o y i e l d (3) and (4) as a p p r o p r i a t e a g g r e g a t i o n s o f (1) and ( 2 ) . 

R e w r i t i n g (1) and summing o v e r N b a n k s , we have 

N N N N A N 
( 5 a > l\t ' JVt + lhd±t - l h t d i t + i + I Ht 1=1 1=1 1=1 1=1 1=1 

- 6 -
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w h i c h y i e l d s 

N N 

I e i d i t " I 
i = l 1=1 

(5b) x t = a r t + 1 3 ^ - J B ± t < * i t + l + e : 

N N N 
where x = T x . a • I a . , and e_ = Y e . . Now c o n s i d e r t h a t f r o m t i t . u . l t .f*. i t 

i = l i = l i = l 

(5b) and (3) we have 

(7a) 6 D t = I B ± d 
i = l 

and 

( 7 b ) s t D t + 1 = ib. t a l t + 1 . 

1=1 

From (7a) we have 

N 3 . N 

d = y — d . = y w . d . , 

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

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

to s u g g e s t a m e a n i n g f u l i n t e r p r e t a t i o n f o r the w ^ ' s . We may ge t a round 

t h i s p r o b l e m by u s i n g the p e r h a p s somewhat r e s t r i c t i v e a s s u m p t i o n o f 

i d e n t i c a l b a n k s . T h i s n o t i o n may be g i v e n c o n t e n t i n one o f two w a y s : 
N 

(a) b y a s s u m i n g 3 . = 3 , 1=1, N , i n w h i c h c a s e D £ = J d i ( _ , o r (b) 
1 i = l 

b y a s s u m i n g t h a t a l l banks f a c e the i d e n t i c a l d i s t r i b u t i o n o f d e p o s i t 

f l o w s and t h a t e a c h bank m a i n t a i n s a c o n s t a n t f r a c t i o n 6 i o f a g g r e g a t e 

d e p o s i t s , i n w h i c h c a s e 

N 

* D t = .1*1*1*t 
1=1 

s o t h a t 



N 

1=1 

A l e s s r e s t r i c t i v e a s s u m p t i o n , and one w h i c h may be c l o s e r to 

what p e o p l e have i n m ind when a g g r e g a t i n g , i s t h a t the c o e f f i c i e n t i s 

s t a t i s t i c a l l y u n c o r r e l a t e d w i t h so t h a t 

N N N 

* D t = J*idit = N " 

1=1 1=1 1=1 
f rom w h i c h 

-1 N 

B = N I 6 , = 6-1=1 

Now c o n s i d e r t h a t we a r e r e q u i r i n g ( 2 ) , ( 4 ) , and (7b) to h o l d 

s i m u l t a n e o u s l y . From (7b) 

N g . A N 

A + i = JjT i d i t + i = J ' i t d i t + i 

s o t h a t t h e f o r e c a s t o f a g g r e g a t e d e p o s i t s n e x t p e r i o d i s a w e i g h t e d sum 

o f i n d i v i d u a l bank f o r e c a s t s o f t h e i r d e p o s i t l e v e l s . U s i n g (4) and 

( 2 ) , we have 

(8) t V l = X U - ^ V k = I V ^ i V i t - k -
k=0 k = 0 i = l 

Now, i f we impose t he n o t i o n o f i d e n t i c a l banks by a s s u m i n g = g , 

i-1, N s o t h a t w_̂  i s i d e n t i c a l l y u n i t y , t hen 

A + i = jL?(i-xi)xidit-k-
k = 0 i = l 

F o r (4) t o o b t a i n we can assume t h a t t he w e i g h t s ( 1 - X i ) a r e s t a t i s t i c a l l y 

u n c o r r e l a t e d w i t h d . . s o t h a t 
l t - k 
CO co 
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where 

W k = N " 1 f < 1 - X ± ) X J . 
i = l 

I n t h i s c a s e i t a p p e a r s t h a t w i l l d e c l i n e g e o m e t r i c a l l y as (4) r e q u i r e s . 

I f the n o t i o n o f i d e n t i c a l b a n k s i s imposed by a s s u m i n g d ^ f c = &^Pt f o r 

a l l t , t hen 

N 
D , = V V, D . where V, = 7 ( 1 - X . ) X . w . S . . 

t t+1 £ k t - k k l i l l 
k=0 i = l 

I n t h i s c a s e , l i m V, = 0 b u t V, does n o t d e c l i n e g e o m e t r i c a l l y u n l e s s 
k-xo 

we make t he a d d i t i o n a l r e s t r i c t i v e a s s u m p t i o n e i t h e r t h a t \ . = X> 

N, o r t h a t w . 6 . = c o n s t a n t . On t he o t h e r h a n d , i f we assume i n (8) 

t h a t t he w e i g h t s ( l - X . ) X . w . a r e s t a t i s t i c a l l y u n c o r r e l a t e d w i t h d . , 
i i i i t K 

t hen 

A + l = J A D t - k W h e r e \ = N " 1 j ( l - A . ) X ^ w . . 
k=0 i = l 

A g a i n , l i m U, = D b u t U, does no t d e c l i n e g e o m e t r i c a l l y u n l e s s e i t h e r w. 

8 / 

i s c o n s t a n t ( e . g . , u n i t y ) o r X^ = X> i = l > •••> N.— 

I n summary, i t a p p e a r s t h a t t he l e a s t r e s t r i c t i v e s e t o f 

a s s u m p t i o n s w h i c h y i e l d s the d e s i r e d a g g r e g a t i o n i s t h a t a l l N banks 

r e s p o n d i d e n t i c a l l y to changes i n t h e i r own t r a n s i t o r y d e p o s i t s , i . e . , 

3 ± = B f o r i e [ i , N ] , and t h a t t he g e o m e t r i c w e i g h t s employed by each 

i n d i v i d u a l bank i n f o r m i n g i t s f o r e c a s t o f i t s own l e v e l o f permanent 

d e p o s i t s a r e u n c o r r e l a t e d w i t h the p a s t l e v e l s o f own bank d e p o s i t s . 

The i m p o r t a n t p o i n t i n a l l o f t h i s i s n o t s o much the p a r t i c u l a r s e t o f 

a s s u m p t i o n s we choose t o j u s t i f y the a g g r e g a t i o n b u t t he o b s e r v a t i o n 

t h a t s u c h a s s u m p t i o n s a r e n e c e s s a r y b e c a u s e e a c h i n d i v i d u a l bank fo rms 

i t s f o r e c a s t b a s e d o n l y on i t s own s e r i e s o f d e p o s i t s . Each bank i s 
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t o t a l l y i g n o r a n t o f , o r a t the v e r y l e a s t , d o e s n ' t c a r e what i s h a p p e n i n g 

t o t he o t h e r b a n k s i n i t s c l a s s and t h e r e f o r e t a k e s no c o g n i z a n c e o f the 

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

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

the way i n w h i c h t he a g g r e g a t e l e v e l o f e x c e s s r e s e r v e s r e s p o n d s to 

changes i n a g g r e g a t e d e p o s i t f l o w s . T h u s , i t w o u l d seem t h a t a d e s i r a b l e 

f e a t u r e t o i n c o r p o r a t e i n t o the mode l wou ld be t he f o r m u l a t i o n o f an 

e x p e c t a t i o n s mechan ism f o r an i n d i v i d u a l bank w h i c h t a k e s i n t o a c c o u n t 

t he i n f o r m a t i o n c o n t a i n e d i n the a g g r e g a t e d a t a on w h i c h we have o b s e r v a 

t i o n s . P o s i t i n g t h a t b a n k s ' e x p e c t a t i o n s o f t h e i r permanent l e v e l o f 

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

somewhat l e s s r e s t r i c t i v e way o f d e r i v i n g the a g g r e g a t e f o r m u l a t i o n . 

I n v o k i n g r a t i o n a l i t y h e r e means t h a t t he i t h b a n k ' s s u b j e c t i v e 

f o r e c a s t o f i t s e x p e c t e d o r permanent l e v e l o f d e p o s i t s i s e q u a l to t he 

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

on the i n f o r m a t i o n a p p r o p r i a t e to t h i s f o r e c a s t . F o r a s i n g l e p e r i o d 

h o r i z o n , t h i s amounts i n (1) above to i m p o s i n g t he c o n d i t i o n t h a t 

(9) t d i t + 1 = E ( d i t + 1 | e t ) = E t d . c + 1 

where E i s the m a t h e m a t i c a l e x p e c t a t i o n o p e r a t o r and 6 t i s the s e t o f 

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

f o r f o r e c a s t i n g f u t u r e d e p o s i t s . I f the e r r o r i n p r e d i c t i n g d t + ^ i s 

g i v e n b y 

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



- 1 1 -

E ( 5 i t + 1 | e t ) = E [ d . t + 1 - E ( d i t + 1 | e t ) | e t ] - o, 

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

Under r a t i o n a l i t y (1) now becomes 

(10) - i t = a i - t

 + 3 1 [ d i t - E ( d . t + 1 | e t ) ] + e l t 

where e ^ i s a s e r i a l l y u n c o r r e l a t e d random te rm w i t h mean 0 and f i n i t e 

v a r i a n c e . Summing (10) o v e r a l l N banks i n the same c l a s s , we g e t 

N N N N N 

1=1 1=1 1=1 1=1 1=1 

o r , a s s u m i n g t h a t g ^ i s s t a t i s t i c a l l y u n c o r r e l a t e d w i t h d ^ and w i t h 

E ( d i t + 1 | e t ) , we have 

N N 

(12) x = o r + gj i - 3 I E ( d | 9 t ) + e t 

1=1 i = l 

N N N 
h e r e x t = J x ± t , g = N £ g ± , and e = J e . By v i r t u e o f the 

i = l i = l i = l 

l i n e a r i t y o f t h e e x p e c t a t i o n o p e r a t o r we see t h a t 

IE(dit+ile t> " E<ldit+ilet> = E ( D t + i l 6 t > -
i = l i = l 

f rom w h i c h 

(13a) x t = a r t + g D t - g E ( D t + 1 | e t ) + e t 

or 

(13b) x t = a r t + g T D t + e j . 

where T D t r e p r e s e n t s a g g r e g a t e t r a n s i t o r y d e p o s i t s . 

C o n s i d e r a g a i n e q u a t i o n ( 1 0 ) . Under r a t i o n a l i t y i t i s c o n c e i v a b l e 

t h a t x ^ c w o u l d i t s e l f be u s e f u l i n p r e d i c t i n g < ^ t + ^ , i . e . , x^^eQ^. In 
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g e n e r a l t hen we w o u l d n o t e x p e c t E ( e ^ t | 6 t ) = 0 . I n d e e d , i f r c and d ^ t 

a r e a l s o l i k e l y c a n d i d a t e s f o r f o r e c a s t i n g d ^ t + ^ , t h e n we w o u l d h a v e , 

f o r ( x . t , r t d i t ) e < 

E ( e i t | e t ) = x . t - V t - e .d. t + B . E ( d . t + 1 | e t ) 

= e i t ' 

i . e . , e i t c o u l d be p r e d i c t e d e x a c t l y . S i m i l a r l y , f o r d ^ , r t | i = l , 

N } e 8 t , E ( e t | 6 t ) = e t> i . e . , t he a g g r e g a t e d i s t u r b a n c e i s e x a c t l y 

p r e d i c t a b l e . Under r a t i o n a l i t y t hen i t does no t seem p e r m i s s a b l e to 

assume E ( e ^ t | 9 t ) = 0* W e m igh t c o n s i d e r the n o t i o n , h o w e v e r , t h a t e ^ f c 

i s s t a t i s t i c a l l y i n d e p e n d e n t o f a l l components o f 0 t e x c e p t x ^ t so t h a t 

E [ e i t | ( 6 t - x i t ) ] = 0 where ( 9 t ~ x

i t ) r e p r e s e n t s a l l v a r i a b l e s i n 6 t e x c e p t 

x i t ' N o t e t h a t t h i s a s s u m p t i o n w o u l d i m p l y t h a t e ^ t i s s t a t i s t i c a l l y 

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

t he i C ^ b a n k , as l o n g a s t h o s e o b s e r v a t i o n s a r e i n c l u d e d i n Q^. The 

c o r r e s p o n d i n g a g g r e g a t e c o n d i t i o n i s t h u s E [ e | ( 9 - x ) ] = 0 . 

U n f o r t u n a t e l y , t h i s a s s u m p t i o n does n o t s o l v e a l l o f o u r 

p r o b l e m s . I n p a r t i c u l a r , r and (hence r f c and D^) r e m a i n l i k e l y 

c a n d i d a t e s f o r use i n f o r e c a s t i n g d ^ t + ^ ( o r D

t + - ^ ) • E q u a t i o n s (10) and 

(13) r e p r e s e n t b e h a v o r i a l r e l a t i o n s h i p s p o s i t e d f o r c o m m e r c i a l banks 

a n d , i n g e n e r a l , r and D a r e endogenous v a r i a b l e s d e t e r m i n e d s i m u l t a n 

e o u s l y w i t h x t ( o r t h e i r components d ^ ^ and x^^_). Thus we c a n n o t i n 

g e n e r a l e x p e c t t h a t
 E ( e i t l r

t ; ' d

i ( - ) = 0 o r , a l t e r n a t i v e l y , t h a t
 E ( e t l r

t » 
D t ) = 0 . W i t h o u t t h i s c o n d i t i o n , h o w e v e r , e s t i m a t e s o f e q u a t i o n s l i k e 

(13) y i e l d i n c o n s i s t e n t e s t i m a t e s . T h i s i s a p r o b l e m no t uncommon i n 

e m p i r i c a l work b u t one w h i c h i s o f t e n i g n o r e d . I m p o s i n g r a t i o n a l i t y 

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



- 13 -

What we a r e l e f t w i t h , i n o r d e r to f u r t h e r p u r s u e the i m p l i c a 

t i o n s o f r a t i o n a l i t y i n t h i s m o d e l , i s one o f two a p p r o a c h e s . F i r s t , we 

c a n assume t h a t E [ e t | ( 8 - x ) ] = 0 and t h a t E [ e t | r t , D t ] = 0 . These 

a s s u m p t i o n s amount t o a s s u m i n g to r^ and ( r ^ and d ^ t ) a r e exogenous 

w i t h r e s p e c t to e q u a t i o n s (13) ( o r e q u a t i o n ( 1 0 ) ) . To j u s t i f y t h i s 

a s s u m p t i o n i t w o u l d r e a l l y be a p p r o p r i a t e to c o n s t r u c t a c o m p l e t e m a c r o -

economic mode l i n w h i c h r f c and D t a r e d e t e r m i n e d i n d e p e n d e n t l y o f the 

o t h e r d e t e r m i n a n t s o f b a n k s ' e x c e s s r e s e r v e p o s i t i o n s . I t may b e p o s s i b l e 

t o c o n s t r u c t s u c h a m o d e l , bu t t h a t a t t e m p t i s n o t made h e r e . A l t e r n a t i v e l y , 

we m i g h t s e e k some s o r t o f r u l e f o r the mone ta ry a u t h o r i t y to f o l l o w s o 

t h a t random s h o c k s t o the e x c e s s r e s e r v e p o s i t i o n o f banks w o u l d be 

f o l l o w e d by an a c t i o n to o f f s e t any e f f e c t s o f t h a t s h o c k on t he i n t e r e s t 

r a t e o r d e p o s i t f l o w s . Such a r u l e i s l i k e l y t o be r a t h e r c o m p l i c a t e d 

and i t s r e a l i s m m igh t be q u e s t i o n e d . 

A s e c o n d a p p r o a c h m igh t b e to s i m p l y assume n o n s t o c h a s t i c 

r e l a t i o n s , i . e . , t o p o s i t t h a t 

( 1 0 ' ) x i f c = H r t + h [ d ± t - E ( d ± t + 1 \ e t ) ] 

s o t h a t 

( 1 3 a ' ) x c = a r t + gD t - g E ^ J e , . ) 

and 

( 1 3 b ' ) x t = a r t + g T D t . 

T h i s a p p r o a c h i s c e r t a i n l y even more r e s t r i c t i v e t han t he f i r s t a l t e r n a t i v e , 

and i t i s p e r h a p s one a g a i n s t w h i c h many e c o n o m i s t s w o u l d have s t r o n g 

p r i o r s . N e v e r t h e l e s s , i t i s a v e r s i o n o f the mode l w h i c h i s amenab le t o 

the t e s t s s u g g e s t e d b e l o w a n d , a s s u c h , r e m a i n s a v i a b l e a l t e r n a t i v e . 
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We p r o c e e d w i t h the a n a l y s i s by a d o p t i n g t he a s s u m p t i o n s t h a t 

E [ e l t | ( e t - x ± t ) ] = 0 and ( r t , d i t | i = l , • • • » N ) e 6 t s o t h a t E [ e i t | r t , d ± ( ; ] = 0. 

Now suppose we t a k e t he m a t h e m a t i c l e x p e c t a t i o n o f x c o n d i t i o n a l on 

some s u b s e t 0 ^ t o f t he i n f o r m a t i o n s e t ( 9 t ~ x

t ) ' W e t hen have E ( x t | 9 ^ t ) = 

N N 

E ( l * l t | e l t ) = I E<x

i tl©i t>• U s i n § ( 1 2 ) ' E f x

c | e l t 3 = aE [ r t | e l t ] + 
i = l i = l 

6 E f I d i t l « i t ] " j E ( d i t + 1 | e t ) | e l c ] + E [ e j 0 l t ] o r 
1=1 1=1 

(14) E [ x

c | e l t ] = a E [ r t | e l t ] + e E [ D t | e l t l - g E [ D t + 1 | e l t ] + E [ e t | e l t l . 

The t h i r d t e rm on t he r i g h t s i d e o f (14) was d e r i v e d f r o m the l i n e above 

i t b y n o t i n g t h a t 

E[ I E ( d i t+ i l e t ) l e i t

] = l ^ W V ^ i t 1 -
i = l i = l 

Now c. 9 t

 - x t c 0 t ; i t can be shown i n t h i s c a s e f o r a random v a r i a b l e 

u t t h a t E [ E ( u t | 8 t ) | e i f c ] = E [ u t | 8 l t ] . — U s i n g t h i s r e s u l t , we then see 

t h a t the above becomes 

,V t d it+i | e it ] " E I J A t f i l W = E [ D t + i l e i t ] -1=1 1=1 

Thus we have u s e d t he a s s u m p t i o n s t h a t 6^ i s s t a t i s t i c a l l y 

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

d e p o s i t s and t h a t b a n k s ' f o r e c a s t s a r e r a t i o n a l to d e r i v e , c o n d i t i o n a l 

o n l y on s u b s e t s o f the r e l e v a n t economic d a t a , a t e s t a b l e r e l a t i o n s h i p 

be tween t he a g g r e g a t e l e v e l o f e x c e s s r e s e r v e s and the i n t e r e s t r a t e , 

c u r r e n t a g g r e g a t e d e p o s i t s , and r a t i o n a l f o r e c a s t s o f n e x t p e r i o d ' s 

a g g r e g a t e permanent d e p o s i t l e v e l . I n p a r t i c u l a r , suppose t h a t 6 . 

c o n s i s t s o n l y o f the s h o r t - t e r m r a t e o f i n t e r e s t and c u r r e n t and p a s t 

a g g r e g a t e d e p o s i t s : 8 l t = [ r t > D t > D ^ , D t _ f c ] <= 6 c - x t _c 9 ^ 



- 15 -

Then (14) i m p l i e s t h a t an u n c o n s t r a i n e d r e g r e s s i o n o f x^. on [ r , D^, D t - 1 » 

D . ] s h o u l d b e e q u a l to a r t + $ T D t > where TD f c = D f c - E [ D t + 1 | r t , 

D , D ] , a g g r e g a t e t r a n s i t o r y d e p o s i t s a t t ime t . In d e r i v i n g 
t t K 

t h i s r e s u l t we have u s e d E [ r | r , D , D , ] = r and E[D | r , D , 
C L L C K L L L C 

D . ] = D and o u r e a r l i e r a s s u m p t i o n s on e . to g i v e E[e | r , D , 
C t C L 1 L L L L 

V k ] = K i j « i t l r f V V k ] = I^ iJv V D t - k ] = ° -

1=1 1=1 

Thus we have a way o f i m p o s i n g a t l e a s t one t e s t on t he n o t i o n o f r a t i o n a l i t y 

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

o f x̂ _ on w i t h t h a t o f a r e g r e s s i o n o f x^ on r^ and T D ^ . No te a l s o 

the i m p o r t a n t c o n d i t i o n w h i c h has l e d to f o r m u l a t i o n o f t hese t e s t s : 

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

o f a l l a v a i l a b l e d a t a , i . e . , the a g g r e g a t e d a t a on w h i c h we have o b s e r v a t i o n s . 

Now n o t e t h a t (13b) i s , a p a r t f r om the e x a c t f o rm o f the 

e x p e c t a t i o n s mechanism i t s e l f , M o r r i s o n ' s a g g r e g a t e m o d e l . M o r r i s o n 

emp loyed t he f o r e c a s t i n g scheme ( 4 ) ; t h i s method g e n e r a l l y i n c o r p o r a t e s 

r e s t r i c t i o n s on the w e i g h t s i n the d i s t r i b u t e d l a g , u s u a l l y t a k i n g the 

fo rm o f a s i n g l e r e s t r i c t i o n r e q u i r i n g the sum o f t he w e i g h t s t o e q u a l 

u n i t y . — ^ I m p o s i t i o n o f s u c h an a r b i t r a r y r e s t r i c t i o n i s p r o b a b l y , i n 

g e n e r a l , n o t t he a p p r o p r i a t e r e s t r i c t i o n to impose and hence can be 

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

s u b s t i t u t i o n o f (4) i n t o (13b) w o u l d y i e l d l e a s t s q u a r e s e s t i m a t e s o f 
2 

t he c o e f f i c i e n t s a » g X ( l - X ) , g X ( l - X ) , 8 i s t h u s n o t i d e n t i f i a b l e 

w i t h t h i s scheme. M o r r i s o n emp loyed a t w o - s t e p p r o c e d u r e i n an a t t e m p t 

t o d e t e r m i n e the most a p p r o p r i a t e w e i g h t i n g scheme f o r f o r e c a s t i n g i n 

v a r i o u s p e r i o d s and f o r e s t i m a t i n g 3 . F i r s t , X was v a r i e d i n (4) and 

the r e s u l t a n t t

D

t + - ^ a n <* T D t s e r i e s were c a l c u l a t e d a n d , s e c o n d , a and 8 
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were e s t i m a t e d v i a l e a s t s q u a r e s r e g r e s s i o n i n ( 1 3 b ) . The X and 8 w h i c h 

2 

m a x i m i z e d R were s e l e c t e d as b e s t e s t i m a t e s . 

I n o u r c a s e , i m p o s i n g r a t i o n a l i t y y i e l d s some t e s t a b l e o v e r -

i d e n t i f y i n g r e s t r i c t i o n s on 8- E q u a t i o n (14) may b e r e w r i t t e n as 

(15) E [ x j r t , D t , D t _ r D ^ ] = a r t + QBt - 8E[D t + 1 1 r c , D t , 

D t - r • • • • V k ] + E ^ l v V D t - r • — V k ] -

I n t e r p r e t i n g the c o n d i t i o n a l m a t h e m a t i c a l e x p e c t a t i o n s h e r e as e a r l i e r 

as l i n e a r r e g r e s s i o n s on t he c o n d i t i o n i n g v a r i a b l e s , the l e f t s i d e o f 

(15) i s s i m p l y 

(16a) E [ x t | r t , D t D ^ , D ^ ] = a ^ + b ^ + + 

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

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

(16b) E [ D t + 1 | r t , D t , D t _ 1 , D ^ ] = d ^ + c ^ + + 

• • • + C k ° t - k 

S u b s t i t u t i n g (16b) i n t o (15) g i v e s 

(16c) E [ x

c | r

t > D

t > ^ t - 1 ' D t _ k ] = ( a - 6 d Q ) r t + B ( l - c 0 ) D t -

6 c 1 D t _ 1 - . . - 8 c k D t ; _ k . 

From (15) we may e q u a t e c o e f f i c i e n t s i n (16a) and (16c ) s o t h a t 
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(17) a, 0 
a - Bd. 

0 

b 
0 

and g i s o b v i o u s l y o v e r d e t e r m i n e d . I n g e n e r a l , we w o u l d n o t e x p e c t a l l 

k+2 e q u a l i t i e s i n (17) t o be s i m u l t a n e o u s l y s a t i s f i e d by the e s t i m a t e d 

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

r e s t r i c t i o n s on g and t hese may b e t e s t e d . L e t H Q be t h a t the k e q u a l i t i e s 

g = - b 1 / c 1 = ~ b

2 / c 2 = • • • = ~ \ ^ c k a r e a 1 1 v a 3 - i d r e s t r i c t i o n s . i s 

t h e n t h a t one o r more o f t hese i s i n c o r r e c t , i . e . , i s i n some s e n s e t oo 

r e s t r i c t i v e . The t o t a l l y u n c o n s t r a i n e d r e g r e s s i o n i n (16a) w i l l y i e l d 

e s t i m a t e s o f a Q , b Q , b^ , b ^ ; the r e g r e s s i o n (16b) s i m i l a r l y p r o v i d e s 

e s t i m a t e s o f d n , c _ , c. . The s e r i e s TD may now be fo rmed and a 

l e a s t s q u a r e s r e g r e s s i o n o f x on r and T D t g i v e s the e s t i m a t e d c o e f f i c i e n t s 

a and g . Now w i t h t he e s t i m a t e s o f d ^ , c ^ , c ^ , and a and g , we may 

f r o m (17) d e t e r m i n e the v a l u e s o f a Q , b Q , b f c i m p l i e d by the r e s t r i c 

t i o n s on g ; c a l l t h e s e r e s t r i c t e d c o e f f i c i e n t s a ^ , b ^ , b^ . Now 

t h e sum o f s q u a r e d r e s i d u a l s f rom the r e g r e s s i o n o f on r t and T D t i s 

t h a t a p p r o p r i a t e t he i m p o s i t i o n o f a l l k+2 r e s t r i c t i o n s i n ( 1 7 ) . U s i n g 

t h e o r i g i n a l e s t i m a t e s of b ^ , b^ f rom (16a) p l u s the e s t i m a t e s a ^ 

and bg to c a l c u l a t e p r e d i c t i o n s o f x t w i l l t hen g i v e us a sum of s q u a r e d 

r e s i d u a l s a p p r o p r i a t e when o n l y the f i r s t two r e s t r i c t i o n s i n (17) a r e 

i m p o s e d . The t e s t s t a t i s t i c i s t h e n the r a t i o o f t h e d i f f e r e n c e be tween 

t h e s e sums o f s q u a r e d r e s i d u a l s to the sum o f s q u a r e d r e s i d u a l s a p p r o p r i a t e 

t o the p a r t i a l l y c o n s t r a i n e d r e g r e s s i o n , t he r a t i o b e i n g c o r r e c t e d f o r 
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d e g r e e o f f r e e d o m . The t e s t s t a t i s t i c w i l l be d i s t r i b u t e d as F ( k , T - k - 2 ) , 

where T = samp le s i z e . Note t h a t , i n v i e w o f o u r e a r l i e r d i s c u s s i o n , i n 

o r d e r t o d e r i v e c o n s i s t e n t e s t i m a t e s o f a and 8 , we r e a l l y ought to use 

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

r c and D t f r om a f i r s t - s t a g e r e g r e s s i o n i n t o the r e g r e s s i o n o f x t on r^ 

and t he c o n s t r u c t e d TD^ s e r i e s . T h u s , i f r f c and D~t a r e the p r e d i c t e d 

v a l u e s f r om a f i r s t - s t a g e r e g r e s s i o n , then a and 8 a r e the e s t i m a t e s 

f r om the r e g r e s s i o n 

x t = a 7 c + 8 [ V E ( V l l e i t 1 + V t 

where V f c i s the r e s i d u a l te rm i n c l u d i n g the o r i g i n a l d i s t u r b a n c e p l u s 

t he f i r s t - s t a g e r e s i d u a l s . 



2 . The I m p l i c a t i o n s o f R a t i o n a l i t y f o r t he S t o c h a s t i c 
P r o c e s s G e n e r a t i n g D e p o s i t s i n t he I n e r t i a E f f e c t M o d e l 

No te t h a t i n M o r r i s o n ' s m o d e l , h i s p r e d i c t o r a t t ime t f o r 

d e p o s i t s one p e r i o d hence (4) i s a l s o o p t i m a l f o r t he p r e d i c t o r a t t ime 

t f o r n p e r i o d s f o r w a r d . Thus a t t ime t 

( 1 8 ) t D

t + n = " t V l = (1"X> S / V i • 

i =0 

From (3) we s e e t h a t 

(191 x = a r + £ f n - D ) + e 

K X * ' t+1 t+1 ^ t+1 t+1 t + 2 ; t+1 

where t+]Pt+2 t n e f o r e c a s t v i a (4) a t t i m e t+1 o f d e p o s i t s a t t+2 , 

i . e . , the permenent l e v e l o f d e p o s i t s as seen a t t + 1 . Now, f o r an 

a u t o r e g r e s s i v e f o r e c a s t i n g scheme s u c h a s ( 4 ) , i t can be shown t h a t 

t + l D t + j + l = t ° t + j + l + S U t + l 

where u 
1 2 / 

t+1 
= - a n d g i s a c o n s t a n t . — Bu t a t t ime t , the 

f o r e c a s t o f t he f o r e c a s t e r r o r t u f c + ^ = 0. T h u s , a t t ime t the f o r e c a s t 

o f t + ^ D

t + 2 i - s s i m p l y t

D

t + 2 * T h e r e f o r e , a c c o r d i n g to M o r r i s o n ' s f o r e 

c a s t i n g scheme (18) and (19) i m p l y t h a t 

t x t + i t r t + i ' 

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

depend o n l y on f o r e c a s t s o f i n t e r e s t r a t e s one p e r i o d i n t he f u t u r e . 

Under r a t i o n a l i t y (19) becomes 

( 1 9 ' ) x f c + 1 = « r t + 1 + 8 [ D t + 1 - E (D t + 2 | e t + 1 ) ] + W 

The r e g r e s s i o n o f * t + - ^ ° n some s u b s e t o f i n f o r m a t i o n ^ 2 t — ̂ t — ^t+1 * S 

t h u s 
- 19 -
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E [ x t + 1 | e 2 t ] = « E [ r t + 1 | e 2 t ] + 6 E { [ D t + 1 - E ( D t + 2 | e t + 1 ) ] | e 2 t } 

+ E [ s t + 1 | e 2 t ] . 

W h i l e we d i s c u s s e d the p rob lems o f a s s u m i n g E [ e t | 6 t ] = 0, we have n o t 

r u l e d o u t a s s u m i n g E [ e t | 0 t _ ^ ] = 0. U s i n g t h i s a s s u m p t i o n and n o t i n g 

t h a t E [ E ( D t + 2 | e t + 1 ) | 9 2 t ] = E [ D t + 2 | e 2 t ] , we now have 

(20) E [ x t + 1 | e 2 t ] = a E [ r t + 1 | e 2 t ] + B [ E ( D t + 1 | e 2 t ) - • 0 > t W | e 2 t ] . 

I n M o r r i s i o n ' s m o d e l , the s e c o n d te rm on t he r i g h t i n (20), f o r e c a s t s a t 

t i m e t o f t r a n s i t o r y d e p o s i t s a t t+1, t

T D t + 1 » w i l l be 0, even i f TD^ ^ 0. 

T h i s v e r s i o n o f t he mode l t h e r e f o r e i m p l i e s t h a t 

(21) E [ x t + 1 | 0 2 t ] = a E [ r t + 1 | 9 2 t ] , 

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

c a t i o n may be t e s t e d by m e r e l y compu t i ng the r e g r e s s i o n s and t e s t i n g f o r 

p r o p o r t i o n a l i t y . 

I t i s i m p o r t a n t to n o t e t h a t i n g e n e r a l we w o u l d no t e x p e c t 

t he e q u a l i t y 

(22) E [ D t + 1 | e 2 t ] = E [ D t + 2 | e 2 t ] 

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

i s t he s e t o f c o n d i t i o n s on t he sequence D f c unde r w h i c h the g e o m e t r i c a l l y 

d e c l i n i n g l a g f o r e c a s t i n g scheme w i l l be a r a t i o n a l scheme w i t h the 

r e s u l t i n g c o n d i t i o n s (22) and (21). 

F i r s t , we s e e t h a t i n o r d e r to have f o r e c a s t s o f ® t + - ^ depend 

o n l y on c u r r e n t and l a g g e d v a l u e s o f t he same v a r i a b l e , we a r e i m p o s i n g 

the c o n d i t i o n t h a t 
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t V i = E [ D t + i l V D t-r Vk' V = E t D

t + i l D t > V r 

• • •' Dt-k] 

where 8 ^ t c o n s i s t s o f a l l o b s e r v a t i o n s on a l l v a r i a b l e s i n 8^t e x c e p t 

c u r r e n t and l a g g e d v a l u e s o f d e p o s i t s . T h i s c o n d i t i o n amounts to s a y i n g 

t h a t D _̂j_̂  i s exogenous w i t h r e s p e c t to a l l o f the e l e m e n t s o f Q ^ t ' Thus 

i f we knew what v a r i a b l e s economic t h e o r y i m p l i e s a r e r e a s o n a b l e ones t o 

i n c l u d e i n &2t' w e c o u - ' - d t e s t t he above p r o p o s i t i o n d i r e c t l y b y c a l c u 

l a t i n g the two r e g r e s s i o n s and t e s t i n g f o r z e r o c o e f f i c i e n t s on t he 

components o f S ^ t " 

N e x t , we n o t e t h a t i n v i e w o f (4) o r (18) we may p o s i t t h a t 

f o l l o w s a scheme 

D

t + i = i/Dt-i+ut+i 

i=0 

where u t + ^ i s assumed to b e a n o r m a l l y d i s t r i b u t e d random te rm w i t h 

f i n i t e mean and v a r i a n c e and w h i c h obeys t he r e l a t i o n
 E[u

t+^I®(-1 = ®' 

No te t h a t i n p a r t i c u l a r we a r e a s s u m i n g t h a t u^ i s a s e r i a l l y u n c o r r e l a t e d 

random te rm . T a k i n g the e x p e c t a t i o n o f D t + ^ c o n d i t i o n a l on then 

g i v e s 

E [ o t + 1 | e 2 t ] = ( i - x ) I x\_± 

1=0 

as d e s i r e d . We may r e w r i t e the above e x p r e s s i o n f o r as 

where L i s t he l a g o p e r a t o r s u c h t h a t L n x t = x

t _ n

 a n c * where E [ u t | 8 2 t _ ^ ] = 0 . 

From t h i s 
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w h i c h g i v e s 

( l - L ) D t = ( l - X L ) u t , o r 

(23) A D t = ( l - A L ) u t . 

T h u s , a s l o n g a s | X | < 1> t h i s sequence has an a u t o r e g r e s s i v e r e p r e s e n t a 

t i o n . On t he o t h e r h a n d , the sequence D t does no t have a mov ing a v e r a g e 

r e p r e s e n t a t i o n , a l t h o u g h the sequence AD^ does p o s s e s s o n e . T h u s , t he 

t h e o r y p r e d i c t s t h a t f o r (4) to b e a r a t i o n a l f o r e c a s t i n g scheme f o r D t , 

AD f c must be a s t a t i o n a r y p r o c e s s as p r e s c r i b e d i n (23) and the e r r o r s 

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

we may c a l c u l a t e the sample a u t o v a r i a n c e f u n c t i o n and the samp le p a r t i a l 

a u t o c o r r e l a t i o n f u n c t i o n and then compare t h e s e p a t t e r n s w i t h t h a t 

1 3 / 

p r e d i c t e d b y t he t h e o r y . — 

The c r u c i a l a s p e c t o f M o r r i s o n ' s t h e o r y i s t h a t b a n k s ' n o t i o n s 

o f t he s t o c h a s t i c p r o c e s s g e n e r a t i n g the sequence d i f f e r s i g n i f i c a n t l y 

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

a bank " c r i s i s " p e r i o d , the v a l u e o f X i n c r e a s e s s i g n i f i c a n t l y and the 

e f f e c t i v e l e n g t h o f t he l a g i n (4) i n c r e a s e s , p l a c i n g much l e s s w e i g h t 

on t he c u r r e n t o b s e r v a t i o n o f D t t h a n i n " n o r m a l " o r p r e c r i s i s p e r i o d s . 

M o r r i s o n i n t e r p r e t s t h i s i n c r e a s e i n A as a c r i s i s i n d u c e d d rop i n the 

s p e e d o f a d j u s t m e n t c o e f f i c i e n t i n the a d a p t i v e e x p e c t a t i o n s f o r m u l a t i o n , 

hence t he d e s c r i p t i v e l a b e l " i n e r t i a e f f e c t . " He t e s t s t h i s n o t i o n i n 

h i s mode l b y c o m p a r i n g the e s t i m a t e s o f X f o r " n o r m a l p e r i o d s " o n l y w i t h 

the e s t i m a t e s o b t a i n e d o v e r the e n t i r e p e r i o d be tween 1921 and 1952 , 

i n c l u d i n g b o t h c r i s i s and n o n c r i s i s p e r i o d s . The i m p o s i t i o n o f r a t i o n a l i t y 
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s u g g e s t s t h a t an a p p r o p r i a t e t e s t i n g p r o c e d u r e w o u l d be to e x a m i n e , i n 

v i e w o f t he r e l a t i o n s h i p ( 2 0 ) , t he a c t u a l sequences D f c o v e r v a r i o u s 

s u b p e r i o d s . Use o f t he c o v a r i a g r a m and samp le p a r t i a l a u t o c o r r e l a t i o n 

f u n c t i o n o v e r s u b p e r i o d s s h o u l d p r o v i d e us w i t h some i n s i g h t i n t o n o t 

o n l y t h e v a l i d i t y o f (23) b u t a l s o the v a l i d i t y o f t he n o t i o n t h a t t he 

1 4 / 
s t o c h a s t i c p r o c e s s g e n e r a t i n g a c t u a l l y changed f o l l o w i n g c r i s e s . — 

As a f i n a l n o t e , the i n e r t i a e f f e c t t h e o r y s a y s t h a t — ' ' 

" t h e n o r m a l s t a t e o f a f f a i r s i s t h a t f r om the p o i n t 
o f v i e w o f bank e x p e c t a t i o n s , the b a n k ' s c u r r e n t l e v e l o f 
d e p o s i t - c r e a t i n g p o t e n t i a l . . . a n d t h e i r l o n g r u n , e x p e c t e d , 
o r ' p e r m a n e n t ' l e v e l o f d e p o s i t p o t e n t i a l do n o t d i v e r g e 
w i d e l y , b e c a u s e t he e x p e c t e d l e v e l i s r a p i d l y r e v i s e d to 
r e c o g n i z e changes i n t he c u r r e n t l e v e l . " 

As a l i m i t i n g c a s e , t h i s s t a t e m e n t wou ld seem to i m p l y t h a t i n n o r m a l 

p e r i o d s the r e l a t i o n be tween D t and E [ D t + 1 | 6 t ] h o l d s a p p r o x i m a t e l y as an 

e q u a l i t y . T h i s amounts to s a y i n g t h a t i n n o r m a l p e r i o d s t he sequence D t 

f o l l o w s a m a r t i n g a l e o r t h a t i n (23) X = 0 . M o r r i s o n n e v e r r e a l l y 

i m p l i e s t h a t he b e l i e v e s X = 0 e x a c t l y i n any n o r m a l p e r i o d s , and h i s 

r e g r e s s i o n t e s t s s u g g e s t t h a t i n d e e d X i s n o t z e r o f o r the p e r i o d s he 

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

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

o f the t h e o r y . I n p a r t i c u l a r , i f M o r r i s o n ' s t h e o r y i s c o r r e c t , the 

s e r i e s A D t s h o u l d be c o n s i d e r a b l y " w h i t e r " i n n o r m a l p e r i o d s than i n 

p o s t - c r i s i s p e r i o d s . 
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— M o r r i s o n s model d i f f e r s s l i g h t l y f r om t h i s f o r m u l a t i o n . I n 

h i s m o d e l , he works w i t h a c a s h / d e p o s i t s r a t i o and no l e g a l r e s e r v e 
r e q u i r e m e n t s . H i s p e n a l t y c o s t d e r i v e s f r om r e s t o r i n g h i s c a s h b a l a n c e 
t o z e r o i n f a c e o f c a s h d r a i n s i n e x c e s s o f t he i n i t i a l c a s h r a t i o . I n 
o u r m o d e l , we a r e a s s u m i n g t h a t a b a n k ' s r e s e r v e r e q u i r e m e n t s a r e met 
i f e n d - o f - p e r i o d e x c e s s r e s e r v e s a r e n o n n e g a t i v e . I n a d d i t i o n , M o r r i s o n 
i n c l u d e s a t e rm r e f l e c t i n g a n t i c i p a t e d c a p i t a l g a i n s on i n i t i a l h o l d i n g s 
o f s e c u r i t i e s . 

4 / 
— M o r r i s o n , p . 1 9 . 

—^Cagan, P . "The M o n e t a r y Dynamics o f H y p e r i n f l a t i o n , " i n S t u d i e s  
i n the Q u a n t i t y Theory o f Money, M i l t o n F r i e d m a n , e d . , U n i v e r s i t y o f 
C h i c a g o , 1956 , p p . 2 5 - 1 2 0 . See a l s o F r i e d m a n , M i l t o n , A T h e o r y o f the  
Consumpt ion F u n c t i o n , NBER, P r i n c e t o n U n i v e r s i t y P r e s s , 1957. 

—^The i n t r o d u c t i o n o f a t r e n d component i n t he s o l u t i o n f o r 

d . , , w o u l d r e s u l t i n a f o r e c a s t i n g scheme o f the f o rm t i t + 1 6 

b . a . - b . <» , , 
j 1 , , 1 1. r ( a . - b . ) k 
d . , , = ~; ( 1 - e ) ) e x x d . , . t x t+1 b . - a . , L

n x t - k x x k=0 

In p r a c t i c e , M o r r i s o n f ound t h a t was n e v e r l a r g e r t han abou t o n e - s i x t h 
the v a l u e o f b a n d , i n n o n c r i s i s p e r i o d s , was o n l y abou t 1 / 2 5 0 t h as 
l a r g e a s b. F o r ou r p u r p o s e s , no g e n e r a l i t y i s l o s t by s e t t i n g a=0. 

— ^ M o r r i s o n , p. 20 . 

8 / 
— T h i s p o i n t h a s been made s u c c i n c t l y i n B i e r w a g , G . 0 . , and 

M. A . G r o v e , " A g g r e g a t e Koyck F u n c t i o n s , " E c o n o m e t r i c a , V o l , 3 4 , No . 4 , 
O c t o b e r 1 9 6 6 , p p . 8 2 8 - 8 3 2 . 

9 / 
— T h i s r a t h e r s t a n d a r d bu t q u i t e i m p o r t a n t r e s u l t i s p r o v e n i n 

most b a s i c p r o b a b i l i t y t e s t s , e . g . , see F e l l e r , An I n t r o d u c t i o n to  
P r o b a b i l i t y T h e o r y and I t s A p p l i c a t i o n s , V o l . I, 3 rd e d . , John W i l e y , 
p . 2 2 2 . 

— ^ F o r a p r o o f o f t h i s p r o p o s i t i o n s e e S h i l l e r , R . , " E x t r a c t s 
f r om ' R a t i o n a l E x p e c t a t i o n s and the Term S t r u c t u r e o f I n t e r e s t R a t e s ' , " 
m a n u s c r i p t , M a s s a c h u s e t t s I n s t i t u t e o f T e c h n o l o g y , 1 9 7 2 , p p . 8 - 1 5 . 
A l s o , T . J . S a r g e n t h a s i l l u s t r a t e d the use o f t h i s theo rem i n " I n t e r e s t 
R a t e s and E x p e c t e d I n f l a t i o n : A Rev iew A r t i c l e , " m a n u s c r i p t , U n i v e r s i t y 
o f M i n n e s o t a , November 1974 , p p . 2 4 - 2 5 . 
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— ^ S e e , e . g . , C a g a n , p p . 3 7 - 4 1 . 

1 2 / 
— B o x , J e n k i n s , and B a c o n , " M o d e l s f o r F o r e c a s t i n g S e a s o n a l 

and N o n - S e a s o n a l Time S e r i e s " i n Advanced Semina r on S p e c t r a l A n a l y s i s  
o f T ime S e r i e s , e d . b y B e r n a r d H a r r i s , J o h n W i l e y , 1 9 6 7 , p p . 2 1 7 - 3 1 1 . 

^ I b i d . 

1 4 / 
— M o r r i s o n d i d make some s u b p e r i o d t e s t s b y d e t e r m i n i n g the X 

v a l u e w h i c h m a x i m i z e d the s i m p l e c o r r e l a t i o n be tween t he e x c e s s r e s e r v e 
r a t i o and e i t h e r t r a n s i t o r y p o t e n t i a l d e p o s i t s o r e x p e c t e d d e p o s i t 
p o t e n t i a l . He was p r i m a r i l y c o n c e r n e d w i t h b i a s e s i n the e s t i m a t e s o f X 
due to measurement e r r o r s i n the common v a r i a b l e s a p p e a r i n g i n the 
c o r r e l a t e d r a t i o s . He i n t e r p r e t e d h i s r e s u l t s as t e n d i n g to c o n f i r m the 
n o t i o n t h a t X i n c r e a s e d i n p o s t - c r i s i s p e r i o d s . W h i l e t h e s e r e s u l t s may 
be i n d i c a t i v e o f and c o n s i s t e n t w i t h the n o t i o n t h a t t he p r o c e s s g o v e r n 
i n g D t and D { changed o v e r t h e s e s u b p e r i o d s , the t e s t s s t i l l d i d no t 
c o n s t i t u t e a d i r e c t t e s t o f the n a t u r e o f the sequences t h e m s e l v e s . 

— M o r r i s o n , p . 5 9 . 


