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U s i n g o p t i m a l c o n t r o l t h e o r y and a v e c t o r a u t o r e g r e s s i v e r e p r e s e n t a t i o n o f t h e 
r e l a t i o n s h i p between money and i n t e r e s t r a t e s one can d e r i v e a feedback 
c o n t r o l p r o c e d u r e wh ich d e f i n e s the bes t p o s s i b l e t r a d e o f f between i n t e r e s t 
r a t e v o l a t i l i t y and money supp l y f l u c t u a t i o n s and wh ich c o u l d be used t o 
reduce b o t h f rom t h e i r c u r r e n t l e v e l s . 

The v iews exp resed h e r e i n a re s o l e l y t hose o f t he a u t h o r s and do not 
n e c e s s a r i l y r e p r e s e n t the v iews o f the F e d e r a l Rese rve Bank o f M i n n e a p o l i s o r 
t he F e d e r a l Rese rve Sys tem. 



1. INTRODUCTION 

The debate ove r the p r o p e r conduct o f monetary p o l i c y has i n t e n s i 

f i e d i n r e c e n t y e a r s as the F e d e r a l Rese rve has f ocused i t s a t t e n t i o n on 

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

A l t h o u g h most o b s e r v e r s g i v e the F e d e r a l Rese rve c r e d i t f o r r e d u c i n g the t r e n d 

growth o f money, many have c r i t i c i z e d i t f o r h a v i n g i n c r e a s e d the s h o r t run 

v a r i a b i l i t y o f money growth r a t e s and the v o l a t i l i t y o f i n t e r e s t r a t e s . The 

F e d e r a l Reserve i s c u r r e n t l y s e a r c h i n g f o r p r o c e d u r e s wh i ch w i l l gua ran tee 

c o n t r o l ove r the t r e n d growth o f money, w h i l e a t t he same t ime r e d u c i n g t h e 

s h o r t run f l u c t u a t i o n s i n bo th money and i n t e r e s t r a t e s . T h i s pape r uses 

o p t i m a l c o n t r o l t h e o r y and a t ime s e r i e s r e p r e s e n t a t i o n f o r money and i n t e r e s t 

r a t e s t o d e r i v e a feedback c o n t r o l p r o c e d u r e wh ich d e f i n e s the bes t p o s s i b l e 

t r a d e o f f between i n t e r e s t r a t e v o l a t i l i t y and money s u p p l y f l u c t u a t i o n s and 

w h i c h c o u l d be used t o reduce bo th f rom t h e i r c u r r e n t l e v e l s . The o r g a n i 

z a t i o n o f the paper i s as f o l l o w s : s e c t i o n 2 rev iews the c o n t r o l t h e o r y 

f ramework , s e c t i o n 3 d e s c r i b e s the use o f a t ime s e r i e s model t o r e p r e s e n t the 

dynamic b e h a v i o r o f the s y s t e m , s e c t i o n k p r e s e n t s the a p p l i c a t i o n t o s h o r t -

run c o n t r o l o f the money s u p p l y , and a f i n a l s e c t i o n a d d r e s s e s the key i s s u e 

o f s t r u c t u r a l s t a b i l i t y . 
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2. OPTIMAL CONTROL THEORY 

O p t i m a l C o n t r o l Theory i s a w e l l deve loped se t o f m a t h m e t i c a l t o o l s 

used p r i m a r i l y by e n g i n e e r s t o s o l v e prob lems i n v o l v i n g a d y n a m i c a l s ys tem 

w h i c h responds t o exosenous i n p u t s . These same t o o l s a re used here t o g e n e 

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

compet ing g o a l s o f c o n t r o l l i n g t he s u p p l y o f money and r e d u c i n g the v o l a t i l i t y 

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

I n i t s u s u a l f o rm , o p t i m a l l i n e a r c o n t r o l t h e o r y s p e c i f i e s an a l g o 

r i t h m f o r s e t t i n g one or more i n p u t s i n o r d e r t o m i n i m i z e a q u a d r a t i c l o s s 

f u n c t i o n . T h i s r e s u l t , and o t h e r c i t e d b e l o w , can be found i n any s t a n d a r d 

c o n t r o l t h e o r y t e x t , such as Kwakernak and S i v a n (1972) o r Chow (1976). The 

key e lements i n the o p t i m a l c o n t r o l p rob lem a re as f o l l o w s : 

The S t a t e : A v e c t o r o f v a r i a b l e s wh ich c o n t a i n s a l l r e l e v a n t i n f o r m a t i o n 
c o n c e r n i n g the c u r r e n t s t a t e o f the sys tem. In p a r t i c u l a r , t he S t a t e 
v e c t o r i n c l u d e s a l l v a r i a b l e s wh i ch e n t e r t he l o s s f u n c t i o n d i r e c t l y , and 
a l l o t h e r v a r i a b l e s wh ich h e l p t o p r e d i c t t h e i r v a l u e s . 

The Laws o f M o t i o n : A d i f f e r e n c e e q u a t i o n wh ich de te rm ines the s t a t e a t 
t ime t as a f u n c t i o n o f the p r e v i o u s s t a t e , a v e c t o r o f i n p u t s c a l l e d the 
c o n t r o l , and a d i s t u r b a n c e v e c t o r . The dynam ica l sys tem w i t h i t s a s s o c 
i a t e d laws o f mot ion i s o f t e n r e f e r r e d t o as " t he p l a n t . " 

The C o n t r o l : A v e c t o r o f i n p u t s wh ich can be se t by the c o n t r o l l e r i n 
o r d e r t o a f f e c t t he f u t u r e c o u r s e o f the s t a t e . 

The Loss F u n c t i o n : A f u n c t i o n s p e c i f y i n g the c r i t e r i o n t o be o p t i m i z e d i n 
t h e s e t t i n g o f the c o n t r o l . O f t e n the l o s s f u n c t i o n i n c l u d e s a t a r g e t o r 
p a t h o f d e s i r e d v a l u e s f o r one o r more components o f t he s t a t e . 

Two t ypes o f c o n t r o l a re d i f f e r e n t i a t e d by whether o r not the c o n 

t r o l responds t o the c u r r e n t s t a t e o f t he s y s t e m . I f t he c o n t r o l i s p r e s e t , 

t h e c o n t r o l i s r e f e r r e d t o as "open l o o p . " I f the c o n t r o l i s a d j u s t e d each 

p e r i o d i n o r d e r t o respond t o the c u r r e n t s t a t e , then t he sys tem i s s a i d t o be 

o p e r a t i n g under " f eedback c o n t r o l . " Feedback c o n t r o l l oops have s e v e r a l 

d e s i r a b l e p r o p e r t i e s r e l a t i v e t o open loop c o n t r o l . A feedback c o n t r o l l e r 

compensates f o r d i s t u r b a n c e s , a l l o w i n g t h e c o n t r o l t o be much more 



e f f e c t i v e . Fu the rmore , an u n s t a b l e sys tem can be s t a b i l i z e d by feedback 

c o n t r o l , a c h a r a c t e r i s t i c wh ich cannot be o b t a i n e d by open loop c o n t r o l . 

F i n a l l y , t he e f f e c t o f sys tem pa rame te r v a r i a t i o n can be g r e a t l y reduced by 

c o n t i n u a l l y u p d a t i n g t he c o n t o l . T h i s i s o f p a r t i c u l a r impor tance i n t he case 

o f economic systems f o r wh i ch t h e r e i s l i k e l y t o be pa ramen te r v a r i a t i o n and a 

h i g h degree o f pa rame te r u n c e r t a i n t y . 

The c o n t r o l d e s i g n i s g e n e r a l l y based on the f o l l o w i n g sequence o f 

e v e n t s . At t ime t -1 the s t a t e v e c t o r de te rm ines e v e r y t h i n g t h a t i s needed t o 

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

and de te rm ines the o p t i m a l s e t t i n g f o r the c o n t r o l wh i ch w i l l impinge on t h e 

sys tem a t t ime t . The s t a t e o f the sys tem a t t ime t i s a f u n c t i o n o f t he 

s t a t e a t t ime t - 1 , t he c o n t r o l a t t ime t , and a d i s t u r b a n c e v e c t o r w h i c h 

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

t a rge t 

OPTIMAL CONTROL DESIGN 

d is tu rbances 

> C o n t r o l l e r c o n t r o l 

feedback measurement 

* Plant 

~7T 
inDUt 

s ta te vec to r j> output 

F i n d i n g the o p t i m a l s e t t i n g o f t he c o n t r o l , g i v e n the laws o f m o t i o n 

o f the system and a p a r t i c u l a r l o s s f u n c t i o n i s g e n e r a l l y a very d i f f i c u l t 

p r o b l e m . However, f o r t he p a r t i c u l a r case o f a sys tem whose laws o f mo t ion 

a r e l i n e a r and f o r wh ich the l o s s f u n c t i o n i s q u a d r a t i c , t he p rob lem has been 

s o l v e d . Under m i l d r e g u l a r i t y c o n d i t i o n s , a c o m p u t a t i o n a l p r o c e d u r e known as 

" i t e r a t i n g on a m a t r i x R i c c a t i e q u a t i o n , " l e a d s t o the o p t i m a l l i n e a r c o n t r o l 
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r u l e * W h i l e the o p t i m a l c o n t r o l r u l e wh ich s o l v e s t he l i n e a r , q u a d r a t i c 

p r o b l e m may not be o p t i m a l r e l a t i v e t o a more g e n e r a l f o r m u l a t i o n o f t he 

p r o b l e m , i n p r a c t i c e i t i s l i k e l y t o be the b e s t s o l u t i o n a v a i l a b l e . 

The t e x t b o o k a p p l i c a t i o n o f c o n t r o l t h e o r y t o monetary p o l i c y 

assumes t h a t t h e Fed can c o n t r o l e i t h e r money o r i n t e r e s t r a t e s 

p e r f e c t l y . - i - / The q u e s t i o n a t i s s u e i s wh ich v a r i a b l e t he Fed s h o u l d c o n 

t r o l , and how i t s h o u l d s e t t h a t v a r i a b l e so as t o a c h i e v e a f u l l employment , 

s t a b l e p r i c e p a t h f o r t he economy. T h i s s t a n d a r d a p p l i c a t i o n i s not the 

p r o b l e m wh ich we a r e a d d r e s s i n g . We b r i n g i t up he re t o i l l u s t r a t e a t y p i c a l 

a p p l i c a t i o n o f c o n t r o l t h e o r y and t o c o n t r a s t the framework adopted here w i t h 

t he u s u a l a p p r o a c h . 

USUAL APPLICATION TO MONETARY POLICY 

p r i c e s t a b i l i t y , 
f u l l employment 

t a r g e t 
supp ly , demand 

d is tu rbances 

Monetary 
P o l i c y 

money supply 

(or i n t e r e s t 
r a t e s ) 

Economy 

a l l r e l evan t 
economic v a r i a b l e s 

^ -

The focus o f t h i s paper i s more narrow than the u s u a l t e x t b o o k 

a p p l i c a t i o n i n t h a t no a t tempt i s made t o d e r i v e an o p t i m a l monetary p o l i c y . 

I t i s assumed here t h a t the money t a r g e t p a t h i s known. However , r a t h e r t han 

t a k i n g as g i v e n the a b i l i t y o f t he Fed t o h i t i t s money supp l y t a r g e t , t h i s 

1 / s e e , fo r example , Sargent (1979), Sargent and Wal lace (1975), and 
Ka l chb renne r and Tinsley (1976). 
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paper i n v e s t i g a t e s the F e d ' s s h o r t ran p rob lem o f a t t e m p t i n g t o c o n t r o l t h e 

money s u p p l y . F o r the pu rpose o f t h i s p a p e r , t he monetary t a r g e t i n a g i v e n 

week i s t h a t week ' s v a l u e f o r t he l e v e l o f M - l wh i ch i s on a l o n g run t r e n d 

g rowth p a t h adopted by the F e d . The Fed i s assumed t o use open market o p e r a 

t i o n s t o t r y t o keep M - l as c l o s e t o t he t r e n d as f e a s i b l e , on a v e r a g e . The 

open market o p e r a t i o n s , by i n c r e a s i n g o r d e c r e a s i n g the s u p p l y o f r e s e r v e s , 

cause the f e d e r a l funds r a t e t o go down o r u p , r e s p e c t i v e l y . These movements 

i n t he f e d e r a l funds r a t e w i l l cause banks and o t h e r economic agen ts t o a d j u s t 

t h e i r p o r t f o l i o s , l e a d i n g t o p r e d i c t a b l e movements i n t he s t o c k o f money. We 

do not a t tempt t o model t he open market o p e r a t i o n s d i r e c t l y , i n s t e a d , we f o c u s 

on the l e v e l s of the f e d e r a l funds r a t e wh ich emerge each week and t h e i r 

e f f e c t s on subsequent movements i n money. In t he c o n t r o l p r o c e d u r e modeled 

here t he Fed r e c e i v e s , a t the end o f t he week, the l a t e s t f i g u r e s f o r M - l 

( d a t a f o r the week end ing two weeks e a r l i e r ) , and d e c i d e s on a new d e s i r e d 

l e v e l f o r t he funds r a t e f o r t he f o l l o w i n g week. Other p r o c e d u r e s and t i m i n g 

r e l a t i o n s h i p s c o u l d e a s i l y be modeled i n a s i m i l a r manner. In p a r t i c u l a r , we 

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

r a t e t a r g e t , i n wh ich the Fed can b a s i c a l l y se t i t s t a r g e t e d funds r a t e , and 

t o a r e s e r v e s t a r g e t , i n wh ich t he Fed s u p p l i e s r e s e r v e s c o n s i s t e n t w i t h i t s 

chosen funds r a t e , but does not o f f s e t shocks wh ich may cause s i g n i f i c a n t 

d e v i a t i o n s w i t h i n a g i v e n week. A d iag ram o f the s h o r t - r a n c o n t r o l a p p l i 

c a t i o n i s shown be low . 

APPLICATION TO SHORT-RUN CONTROL OF MONETARY AGGREGATES 

aggregate path 
ta rge t 

money supp ly , demand 
d is tu rbances 

N.Y. Desk 

open market 
ODerat ions money, i n t e r e s t ranes 

^ > 
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I t i s assumed t h a t the Fed knows the dynamic response p a t t e r n o f 

money and i n t e r e s t r a t e s and uses t h i s knowledge t o se t the funds r a t e so t h a t 

the money supp l y w i l l s t a y near i t s t a r g e t p a t h . In the next s e c t i o n we w i l l 

add ress the q u e s t i o n o f e s t i m a t i n g t he n e c e s s a r y response p a t t e r n s . Because 

the money supp l y i s s u b j e c t t o random d i s t u r b a n c e s , t he b e s t t he Fed can do i s 

t o cause t he expec ted v a l u e o f money t o be on t a r g e t each week. However, i n 

o r d e r t o a c h i e v e t h i s l e v e l o f a c c u r a c y w i t h r e s p e c t t o money, t he Fed might 

have t o make l a r g e changes i n t he funds r a t e each week. The r e q u i r e d changes 

might e a s i l y i n c r e a s e ove r t i m e , l e a d i n g t o e x p l o s i v e o s c i l l a t i o n s i n i n t e r e s t 

r a t e s . T h i s i s the i ns t r umen t i n s t a b i l i t y p rob lem sugges ted by K o l b r o o k 

(1972). In f a c t , t he Fed does not t r y t o b r i n g the expec ted v a l u e o f t h e 

money supp ly onto i t s t a r g e t p a t h each week. R a t h e r , i t i s assumed t o r e c o g 

n i z e a s h o r t - r u n t r a d e o f f between r e d u c i n g expec ted d e v i a t i o n s o f money f rom 

i t s t a r g e t p a t h and r e d u c i n g 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 s . In o r d e r t o 

i n v e s t i g a t e the na tu re o f t h a t t r a d e o f f we s p e c i f y a l o s s f u n c t i o n wh ich has 

terms p e n a l i z i n g bo th money supp l y d e v i a t i o n s f rom t a r g e t and v o l a t i l i t y o f 

i n t e r e s t r a t e s . These two o b j e c t i v e s a re assumed t o c a p t u r e the most i m p o r 

t a n t t r a d e o f f i n the c u r r e n t Fed o p e r a t i n g p r o c e d u r e s . However, t he l o s s 

f u n c t i o n c o u l d e a s i l y be g e n e r a l i z e d t o i n c l u d e a d d i t i o n a l g o a l s . I t might be 

d e s i r a b l e , f o r example , t o a v o i d l a r g e i n t e r v e n t i o n s i n t he marke t , i n wh ich 

case one c o u l d i n c l u d e a te rm r e p r e s e n t i n g a c o s t a s s o c i a t e d w i t h the s i z e o f 

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

O p t i m a l c o n t r o l i s most o f t e n e x p r e s s e d i n t he c o n t e x t o f a f i r s t 

o r d e r d i f f e r e n c e e q u a t i o n i n t he s t a t e v e c t o r . Le t x ( t ) be an n x l s t a t e 

v e c t o r , u ( t ) be the c o n t r o l , and w( t ) be an n x l v e c t o r o f d i s t u r b a n c e s . The 

laws o f mot ion o f the sys tem a re g i v e n by 

x ( t ) = A x ( t - l ) + B u ( t ) + w( t ) (1) 
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where A i s an nxn m a t r i x and B i s an n x l v e c t o r . In o r d e r t o f i t t he monetary-

c o n t r o l p rob lem i n t o t h i s f ramework , x ( t ) i n c l u d e s c u r r e n t and l a g g e d v a l u e s 

o f M - l , m ( t ) , t he f e d e r a l funds r a t e , r ( t ) , p o s s i b l y o t h e r i n f o r m a t i o n a l 

v a r i a b l e s , and a monetary t a r g e t , M ( t ) . u ( t ) i s the Fed c o n t r o l l e d shock t o 

t he funds r a t e . The m a t r i x A i n c l u d e s two o r more rows o f e s t i m a t e d c o e f f i c 

i e n t s wh ich d e f i n e how M - i , the funds r a t e , and p o s s i b l y o t h e r v a r i a b l e s 

e v o l v e t h rough t i m e . A l l but one o f the o t h e r rows o f A i d e n t i f y as t h e i r 

v a l u e s i n the p r e v i o u s s t a t e l a g s o f m, r , and p o s s i b l y o t h e r v a r i a b l e s . The 

f i n a l row d e f i n e s t he t a r g e t money s u p p l y p a t h . 

The q u a d r a t i c l o s s f u n c t i o n i s w r i t t e n as 

L = E{ I 3 S [(M(t+s) - M*( t+s) ) 2 + ^ I ( r ( t+s ) - r ( t+s -k ) ) 2 ] } (2) 
s=0 q k=l 

where M ( t ) i s the d e s i r e d p a t h f o r M - l . The c o s t a s s o c i a t e d w i t h money 

d e v i a t i o n s f rom t a r g e t i s b a l a n c e d w i t h i n t e r e s t r a t e v o l a t i l i t y , measured as 

a we ig h te d sum o f expec ted squared changes i n the f e d e r a l funds r a t e ove r 

t i m e . D i f f e r e n t r e l a t i v e c o s t s a s s o c i a t e d w i t h d e v i a t i o n s f rom the money 

t a r g e t p a t h and i n t e r e s t r a t e v o l a t i l i t y can be r e p r e s e n t e d by d i f f e r e n t 

v a l u e s o f A . More terms i n the sum measur ing i n t e r e s t r a t e v o l a t i l i t y , t h a t 

i s l a r g e r v a l u e s o f q , w i l l l e a d t o a smoother funds r a t e p a t h . Fo r examp le , 

a h i g h A , w i t h q e q u a l t o one w i l l a v o i d wh ipsaw ing the m a r k e t — l a r g e move

ments i n the funds r a t e i n a g i v e n w e e k — w h i l e s t i l l a l l o w i n g s i g n i f i c a n t 

movements ove r a p e r i o d o f t ime as s h o r t as say two o r t h r e e months . A q o f 

t e n o r t w e l v e , on the o t h e r hand , would damp c o n s i d e r a b l y t h e s e l o n g e r swings 

as w e l l , l e a v i n g on l y ve ry smooth changes i n t he funds r a t e ove r t i m e . T h i s 

fo rm f o r the l o s s f u n c t i o n i s on l y one o f many p o s s i b i l i t i e s . I t was chosen 

p r i m a r i l y because o f i t s s i m p l i c i t y ; t he h i g h e r i s q , the more i t w i l l r espond 

t o , t h a t i s p e n a l i z e , low f r equency v a r i a t i o n s i n i n t e r e s t r a t e s . A more 
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s o p h i s t i c a t e d l o s s f u n c t i o n i n t he l i n e a r - q u a d r a t i c c l a s s c o u l d be c o n s t r u c t e d 

by making l o s s p r o p o r t i o n a l t o the square o f p a r t i c u l a r l i n e a r c o m b i n a t i o n s o f 

expec ted f u t u r e i n t e r e s t r a t e s , t he l i n e a r c o m b i n a t i o n s b e i n g chosen s p e c i f i c 

a l l y t o respond t o c e r t a i n bands o f f r e q u e n c i e s o f i n t e r e s t r a t e movements. 

The l o s s f u n c t i o n i n (2) a l s o i n c l u d e s a d i s c o u n t f a c t o r 3, w h i c h 

a l l o w s the l o s s f u n c t i o n t o g i v e r e l a t i v e l y l e s s we igh t t o f u t u r e l o s s e s than 

t o c u r r e n t l o s s e s . Fo r the pu rposes o f t h i s pape r t h e r e i s no reason t o 

d i s c o u n t f u t u r e l o s s e s , and the d i s c o u n t f a c t o r i s t a k e n t o be 1. A l t h o u g h 

the expec ted l o s s i s not f i n i t e when the d i s c o u n t f a c t o r i s 1, t h e r e i s a w e l l 

d e f i n e d feedback r u l e wh i ch i s t he l i m i t as 3 goes t o 1 o f r u l e s a s s o c i a t e d 

w i t h S ' s l e s s than 1 wh i ch do g e n e r a t e f i n i t e expec ted l o s s e s . In f a c t , i t 

may be not p a r t i c u l a r l y d e s i r a b l e t o have a f i n i t e expec ted l o s s ; t h i s 

r e q u i r e s a d i s c o u n t f a c t o r l e s s than 1, wh i ch i s myopic i n t he sense t h a t i n a 

s t eady s t a t e the average s t ream o f l o s s e s w i l l be l a r g e r than need b e . T h i s 

o c c u r s because t he feedback r u l e does not l ook f a r enough a h e a d . Fo r examp le , 

i f movements i n i n t e r e s t r a t e s a f f e c t money w i t h a l a g , and i f we h e a v i l y 

d i s c o u n t f u t u r e l o s s e s , t hen we w i l l be ve ry r e l u c t a n t t o move i n t e r e s t r a t e s 

i n any g i v e n p e r i o d and our average l o s s each p e r i o d w i l l become ve ry l a r g e 

s i n c e money w i l l d e v i a t e f a r f rom i t s t a r g e t . 

G i v e n the env i ronment d e s c r i b e d i n ( l ) and the l o s s f u n c t i o n (2 ) , 

o p t i m a l c o n t r o l t h e o r y answers the f o l l o w i n g q u e s t i o n , "What i s the l i n e a r 

feedback r a l e f o r c h o o s i n g u ( t ) w h i c h , on the b a s i s o f c u r r e n t i n f o r m a t i o n , 

m i n i m i z e s the expec ted f u t u r e l o s s ? " The s o l u t i o n i s a feedback m a t r i x , F , 

and a r u l e 

u ( t ) = F x ( t - l ) (3) 
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w h i c h de te rm ines u ( t ) as a l i n e a r f u n c t i o n o f t h e p a s t s t a t e and i s o p t i m a l i n 

t h e sense t h a t t h i s c h o i c e o f F g e n e r a t e s a s m a l l e r expec ted l o s s than any 

o t h e r c h o i c e . 
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3- TIME SERIES ANALYSIS 

A c r i t i c a l e lement i n optimal c o n t r o l t h e o r y i s knowledge o f the 

dynamic b e h a v i o r o f t he s y s t e m . Time s e r i e s a n a l y s i s , i n p a r t i c u l a r t h e 

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

o f t he laws o f mot ion o f t he money ma rke t . 

A s p e c i a l p r o b l e m i s encoun te red when o p t i m a l c o n t r o l t h e o r y i s 

a p p l i e d t o economic s y s t e m s . A key e lement i n the o p t i m a l c o n t r o l f ramework , 

knowledge o f the laws o f mot ion o f t he sys tem i s e i t h e r m i s s i n g c o m p l e t e l y , o r 

known o n l y w i t h a l a r g e degree o f u n c e r t a i n t y . E n g i n e e r i n g t e x t s on o p t i m a l 

c o n t r o l spend l i t t l e t ime c o n s i d e r i n g t h i s p rob lem because i t i s u s u a l l y 

assumed t h a t the response f u n c t i o n s can be measured d i r e c t l y t o w h a t e v e r 

degree o f a c c u r a c y i s needed. In economic systems i t i s i m p o s s i b l e t o p e r f o r m 

c o n t r o l l e d exper imen ts i n o r d e r t o measure response f u n c t i o n s . I n s t e a d , 

econom is t s have come t o r e l y on t he laws o f mot ion imbedded i n e c o n o m e t r i c 

m o d e l s . 

U n f o r t u n a t e l y , e c o n o m e t r i c models have g e n e r a t e d a r a t h e r poo r 

r e c o r d w i t h r e s p e c t t o f o r e c a s t i n g the response o f the economy t o changes i n 

p o l i c y . F o r example , when a key e c o n o m e t r i c r e l a t i o n s h i p , t he P h i l l i p s c u r v e , 

was i d e n t i f i e d i n t he 1960 Ts many e c o n o m i s t s ? / c l a i m e d i t c o u l d be used as t h e 

b a s i s f o r a t t e m p t i n g t o t r a d e o f f h i g h e r i n f l a t i o n f o r l ower unemployment . 

A f t e r a decade o f h i g h i n f l a t i o n a l o n g w i t h h i g h unemployment , few wou ld 

sugges t such an approach t o d a y . The r a t i o n a l e x p e c t a t i o n s c r i t i q u e o f s t a n d 

a r d econome t r i c models p r o v i d e s a r e a s o n a b l e e x p l a n a t i o n o f why t hose models 

f a i l e d , and many economis ts have deve loped a c a u t i o u s , i f not s k e p t i c a l , 

a t t i t u d e toward the use o f c o n t r o l t h e o r y based on t h i s a p p r o a c h . 

2 /See, f o r examp le , Tobin's (1972) A E A p res iden t i a l address. 
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At the same t ime t h a t t h i s d i s s a t i s f a c t i o n w i t h t r a d i t i o n a l e c o n o 

m e t r i c models has been emerg ing , a number o f economis ts i n c l u d i n g C h r i s t o p h e r 

S i m s , Thomas S a r g e n t , and s t a f f a t t he F e d e r a l Rese rve Bank o f M i n n e a p o l i s 

have been d e v e l o p i n g a l t e r n a t i v e t ime s e r i e s methods o f f o r e c a s t i n g economic 

va r i ab les * - ^ - ' Not a l l economis ts wou ld f e e l c o m f o r t a b l e a p p l y i n g t h e s e models 

t o t he c o n t r o l f ramework , but a r e c e n t s t r o n g de fense o f a t ime s e r i e s 

approach t o p o l i c y a n a l y s i s i s g i v e n by Sims (1982). He argues t h a t t h e 

norma l b u s i n e s s o f p o l i c y f o r m a t i o n i s p r o p e r l y thought o f as c h o i c e o f shocks 

t o the p o l i c y b e h a v i o r e q u a t i o n , and he goes on t o sugges t the use o f a v e c t o r 

a u t o r e g r e s s i v e r e p r e s e n t a t i o n as the c o n t e x t i n wh ich t h i s c h o i c e ought t o be 

made. 

We f o l l o w Sims a d v i c e here and c o n s t r u c t a v e c t o r a u t o r e g r e s s i o n 

w i t h M - l , the f e d e r a l funds r a t e and o t h e r v a r i a b l e s i n o r d e r t o r e p r e s e n t t h e 

laws o f mot ion o f the money marke t . I n c o n s t r u c t i n g t h i s r e p r e s e n t a t i o n , we 

have kep t as a p r i m a r y g o a l the d e s i r e t o o p t i m a l l y f o r e c a s t t he movements o f 

M - l . F o r t h i s reason we have p a i d p a r t i c u l a r a t t e n t i o n t o a s t a t i s t i c measu r 

i n g t he o u t - o f - s a m p l e f o r e c a s t i n g pe r fo rmance o f d i f f e r e n t m o d e l s . We have 

a l s o f o l l o w e d the B a y e s i a n p r o c e d u r e s sugges ted by L i t t e r m a n (1981) f o r f o r e 

c a s t i n g w i t h v e c t o r a u t o r e g r e s s i o n s . 

In s e a r c h i n g t h rough a v a r i e t y o f d i f f e r e n t v a r i a b l e s , l o o k i n g f o r 

t hose wh ich h e l p t o p r e d i c t week ly movements i n s e a s o n a l l y a d j u s t e d M - l , t h e 

f e d e r a l funds r a t e c l e a r l y s t o o d out as the most i m p o r t a n t . T h i s was f o l l o w e d 

at a c o n s i d e r a b l e d i s t a n c e by the l e v e l o f Commerc ia l and I n d u s t r i a l L o a n s , 

t he S t a n d a r d and Poors Index o f 500 s t o c k s , Nonborrowed R e s e r v e s , Bor rowed 

R e s e r v e s , and T o t a l R e s e r v e s . The B u s i n e s s Week I n d e x , a compos i te measure o f 

MExamples are i n Sargent and Sims (1977), Anderson (1978), Sargent (1979), 
Sims (1980), and L i t t e r m a n (1981). 
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r e a l a c t i v i t y p u b l i s h e d by McGraw H i l l , showed no e x p l a n a t o r y power . Measures 

o f s t o c k market volume and t h e D i s c o u n t r a t e d i d not h e l p e i t h e r . These 

r e s u l t s a re based on expe r imen ts u s i n g systems w i t h d i f f e r e n t s e t s o f v a r i 

a b l e s t o f o r e c a s t M - l . A l l systems were e s t i m a t e d u s i n g t he same B a y e s i a n 

p r i o r , wh ich i s d e s c r i b e d i n d e t a i l b e l o w . The r e s u l t s o f some o f t h e s e t e s t s 

a r e g i v e n i n T a b l e 1 and d i s p l a y e d i n F i g u r e s 1 and 2. 

T a b l e 1 
F o r e c a s t Per fo rmance f o r M - l and F e d e r a l Funds R a t e 

I n c l u d e d 
V a r i a b l e s 

( l v a r i a b l e sys tems) 
M - l 
Funds Rate 

(2 v a r i a b l e system) 
M - l and Funds Ra te 

(3 v a r i a b l e systems 
M - l , funds r a t e , and : 
C & I Loans 
S&? Index 
Bor rowed R e s . 
Nonborrowed R e s . 
T o t a l Rese rves 
B u s i n e s s Wk Index 
D i s c o u n t Rate 
NYSE Volume 

M - l p r e d i c t i o n 
e r r o r 

( B i l l i o n s ) 

1.18U5 

1.1302 

1.1129 
1.11^9 
1.1230 
I.12V7 
1.1262 
1.135^ 
1.1388 
I.1U1U 

Funds Ra te 
p r e d i c t i o n 

e r r o r 
( B a s i s p o i n t s ] 

55.309 

51.97^ 

52.079 
51.728 
52.567 
52.1UU 
51.619 
52.208 
50.023 
51.312 

The p r e d i c t i o n e r r o r i n T a b l e 1 i s an o u t - o f - s a m p l e s t a t i s t i c . I t i s based on 

r e s i d u a l s c a l c u l a t e d by d r o p p i n g , one a t a t i m e , each o b s e r v a t i o n f rom the 

sample and u s i n g the e s t i m a t o r so o b t a i n e d t o g e n e r a t e the r e s i d u a l f o r t h a t 

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

w h i c h improve the f i t o n l y i n - s a m p l e , and t h o s e wh ich a c t u a l l y e x p l a i n o u t - o f -

sample movements. The da ta a r e week ly o b s e r v a t i o n s f rom 1976:1 t h r o u g h 

1982:12. 

F o r the pu rpose o f s h o r t ran monetary c o n t r o l , t he i m p o r t a n t aspect 
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o f t he e s t i m a t e d t ime s e r i e s model i s t he response f u n c t i o n o f M - l t o shocks 

i n t he f e d e r a l funds r a t e . I t i s t h i s response upon wh i ch p o l i c y i s b a s e d . 

F o r t u n a t e l y f o r our p u r p o s e s , t h i s r esponse i s r e l a t i v e l y s t r o n g , s t a b l e 

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

a u t o r e g r e s s i v e r e p r e s e n t a t i o n . The response f u n c t i o n we w i l l use i n c o n f u t i n g 

an o p t i m a l c o n t r o l p o l i c y i s shown be low i n F i g u r e s 3 , 5 , as e s t i m a t e d 

under a v a r i e t y o f a l t e r n a t i v e s p e c i f i c a t i o n s . N o t i c e how l i t t l e v a r i a t i o n 

t h e r e i s i n the shape o f t h i s r esponse i n t he d i f f e r e n t s y s t e m s . A l s o n o t i c e 

how l o n g l i v e d i s t he response o f money t o t he funds r a t e s h o c k . S i g n i f i c a n t 

d e c r e a s e s i n the money s t o c k c o n t i n u e t o o c c u r two months a f t e r t he i n i t i a l 

s h o c k . 

Not o n l y d i d t he f e d e r a l funds r a t e s i g n i f i c a n t l y improve the 

p r e d i c t i o n o f M - l , but i t a l s o e x p l a i n s a d r a m a t i c a l l y l a r g e r sha re o f t he 

v a r i a t i o n o f M- l t han any o f the o t h e r v a r i a b l e s c o n s i d e r e d . In t he s e t s o f 

t h r e e v a r i a b l e systems i n T a b l e 1, t h e p e r c e n t a g e o f the o n e - y e a r - a h e a d f o r e 

c a s t v a r i a n c e e x p l a i n e d by i n n o v a t i o n s i n the funds r a t e v a r i e d between kg and 

73 p e r c e n t . The l a r g e s t sha re r e c e i v e d by any o f t he o t h e r v a r i a b l e s c o n 

s i d e r e d was 1 p e r c e n t , and i n s e v e r a l cases i t was l e s s than 1 p e r c e n t . In 

F i g u r e 6 we show the response f u n c t i o n s o f money i n a f i v e v a r i a b l e sys tem 

w h i c h adds commerc ia l and i n d u s t r i a l l o a n s , bor rowed r e s e r v e s and nonborrowed 

r e s e r v e s t o M- l and t he funds r a t e . N o t i c e how much l a r g e r i s the r esponse o f 

money t o the funds r a t e than t o any o f t he o t h e r v a r i a b l e s . Based on t h e s e 

r e s u l t s we have p roceeded w i t h a b i v a r i a t e a u t o r e g r e s s i o n u s i n g o n l y M - l and 

t h e f e d e r a l funds r a t e . A l l o f the subsequent a n a l y s i s c o u l d be g e n e r a l i z e d 

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

not be m a t e r i a l l y a f f e c t e d . 

The use o f a t ime s e r i e s r e p r e s e n t a t i o n as the b a s i s f o r the 



- 2 . 0 

- 2 . 5 -

P1ofc o f Responses o f M-l to 
I n n o v a t i o n s i n the F e d e r a l Funds Ra te 

8 

- 3 . 0 I I I I I I I I I I i I I I I I I 1 i I I I I I I I i I 
5 10 15 20 25 30 

IN SYSTEMS WITH M—t„ 
THE FUNDS RATE ANP• 
• C *> I LOANS 

TOTAL RESERVES 
NONfcORROWED RESERVES 
DISCOUNT RATE 

. . EBUSINESS WEEK INDEX 
WED• NYSE VOLUME 
STD. K POOR'S STOCK PRICES 
SORROWED RESERVES 



BUI . S 

0 .0-r 

P l o t o f Responses o f M-l to 
I n n o v a t i o n s in the F e d e r a l Funds Ra te 

- 0 . S H 

-1 . 0 H 

-1 . 5 

- 2 . 0 H 

-2.5 

- 3 . 0 I I 1 I i I I I I I I I 1 I I I I I I 1 
35 40 45 50 

I N A S Y S T E M W I T H : 
• 2 L A G S 

4 L A G S 
j 2 L A G S 

__. 1 2 L A G S «. P R I O R S 



B i l l . $ 

0 .0 

P l o t o f Responses o f M-l to 
I n n o v a t i o n s in the F e d e r a l Funds Ra te 

- 0 . 5 -

- 1 . 0 -

1 . 5 -

- 2 . 0 

-2.5 

- 3 . 0 

1 
Ln 

P E R I O D O F E S T I M A T I O N A S F O L L O W S : 

1 9 7 6 ^ 1 - 1 9 7 9 , 4 0 
t 9 7 9 , 4 1 - 1 9 8 2 , 1 2 



P l o t o f Responses o f M-l 

T O I N N O V A T I O N S I N t 
M~1 
C & I L O A N S 
F E D E R A L F U N D S R A T E 
B O R R O W E D R E S E R V E S 
N O N B O R R O W E D RESERVES 



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

f rom t h e s t a n d a r d econome t r i c a p p r o a c h . E s t i m a t i o n o f a s t r u c t u r a l model was 

r e j e c t e d here because i t would have g r e a t l y i n c r e a s e d the c o s t and c o m p l e x i t y 

o f the e x e r c i s e , and i t p r o b a b l y wou ld not l e a d t o improved e s t i m a t e s . I n 

f a c t , as s t r e s s e d by Sims (198O), t he u s u a l i d e n t i f y i n g r e s t r i c t i o n s a r e 

l i k e l y t o be f a l s e , and t h e i r a p p l i c a t i o n wou ld p r o b a b l y l e a d t o m i s s p e c i f i -

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

f u n c t i o n . G i v e n the s t r e n g t h o f the e v i d e n c e i n t h e d a t a , as seen i n t h e l a c k 

o f s e n s i t i v i t y t o a l t e r n a t i v e s p e c i f i c a t i o n s , t he r e s u l t s f rom u s i n g a r e a s o n 

a b l e s t r u c t u r a l model wou ld p resumab ly be s i m i l a r t o t hose o b t a i n e d h e r e . 

However, the r i s k s o f b i a s i n g r e s u l t s f rom impos ing f a l s e r e s t r i c t i o n s and 

i n a p p r o p r i a t e s p e c i f i c a t i o n o f dynamic s t r u c t u r e s appear t o f a r ou twe igh the 

expec ted b e n e f i t f rom a p o s s i b l e r e d u c t i o n i n the v a r i a n c e o f t he e s t i m a t e s . 

Even i f i t would not improve t h e e s t i m a t e s , one might p r e f e r a s t r u c t u r a l 

model i f i t wou ld be more l i k e l y t o remain v a l i d i n the f a c e o f 

i n t e r v e n t i o n s . U n f o r t u n a t e l y , c o n s t r u c t i o n o f such an i n v a r i a n t s t r u c t u r a l 

model i s l i k e l y t o be a d i f f i c u l t t a s k . M o r e o v e r , the degree o f i nadequacy o f 

t h e t ime s e r i e s r e p r e s e n t a t i o n i s not o b v i o u s . T h i s i s s u e i s a d d r e s s e d a t 

l e n g t h i n the f i n a l s e c t i o n o f t h i s p a p e r . 
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k. IMPROVING SHORT-RUN CONTROL OF THE MONEY SUPPLY 

C u r r e n t Fed o p e r a t i n g p r o c e d u r e s do not a p p l y o p t i m a l c o n t r o l t e c h 

n i q u e s , even though the Fed appears t o "be t r y i n g t o s o l v e a p r o b l e m o f t h e 

t y p e wh i ch o p t i m a l c o n t r o l t h e o r y i s d e s i g n e d t o h a n d l e . T h e r e f o r e , the 

s o l u t i o n o b t a i n e d by c u r r e n t p r o c e d u r e s i s l i k e l y t o be s u b o p t i m a l . I t i s 

p o s s i b l e , i n f a c t , t o e s t i m a t e t he t r a d e o f f f r o n t i e r wh i ch measures the 

o b t a i n a b l e c o m b i n a t i o n s o f i n t e r e s t r a t e v o l a t i l i t y and expec ted d e v i a t i o n s 

f rom monetary t a r g e t s , and t h e r e f o r e , t o measure t h e degree t o wh i ch a change 

t o an o p t i m a l c o n t r o l p o l i c y would l i k e l y improve o p e r a t i n g c h a r a c t e r i s t i c s . 

The t r a d e o f f s wh ich emerge sugges t t h a t the F e d e r a l Rese rve c o u l d a c h i e v e a 

c o n s i d e r a b l e smooth ing o f i n t e r e s t r a t e s w i t h l i t t l e o r no l o s s i n terms o f 

money supp l y c o n t r o l . There does n o t , however , appear t o be much room f o r 

r e d u c i n g the average s i z e o f money d e v i a t i o n s f rom t a r g e t . M o r e o v e r , such 

r e d u c t i o n s wou ld r e q u i r e l a r g e 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 s . 

In o r d e r t o d i s c u s s t h e s e t r a d e o f f s , i t i s f i r s t n e c e s s a r y t o m o t i 

v a t e the model o f s h o r t run monetary c o n t r o l sugges ted h e r e . There a r e 

obv i ous d i f f e r e n c e s between t he e a r l i e r d i s c u s s i o n o f t h i s m o d e l , i n wh ich t h e 

funds r a t e i s the c o n t r o l , and the u s u a l d i s c u s s i o n o f c u r r e n t Fed o p e r a t i n g 

p r o c e d u r e s , wh ich s t r e s s r e s e r v e t a r g e t s . Those d i f f e r e n c e s , however , may be 

more apparen t than r e a l . Under c u r r e n t Fed p o l i c y t h e r e i s an i m p l i c i t r o l e 

f o r the funds r a t e , and t h a t r o l e i s t he same as t he one wh i ch i t p l a y s i n t h e 

o p t i m a l c o n t r o l p r o c e d u r e . The main d i f f e r e n c e s between c u r r e n t p o l i c y and 

the one sugges ted here i s not the r o l e o f t he funds r a t e , but r a t h e r t h a t 

unde r c u r r e n t p r o c e d u r e s the Fed does not m i n i m i z e a l o s s f u n c t i o n and does 

not o p t i m a l l y t a k e i n t o accoun t the impo r tan t l a g s i n the response f u n c t i o n o f 

M - l t o shocks i n the funds r a t e . E v i d e n c e o f t h i s b e h a v i o r , and t he s u b -

o p t i m a l c o n t r o l i t i m p l i e s , i s g i v e n b e l o w . 
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T h i s i n t e r p r e t a t i o n o f c u r r e n t Fed p o l i c y i s "based on the d e s c r i p 

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

Rese rve Bank o f New York (FRBNY) Q u a r t e r l y R e v i e w , and t he F e b r u a r y 1981 Boa rd 

o f Governo rs S t a f f S t u d y , "New Monetary C o n t r o l P r o c e d u r e s . , f The f o l l o w i n g 

s u c c i n c t summary by R i c h a r d G. Dav i s appeared i n t he Summer 1979 r e v i e w i n an 

a r t i c l e , "B road C r e d i t Measures as T a r g e t s f o r Monetary P o l i c y . " 

F u n d a m e n t a l l y , t h e r e a r e two b a s i c t a c t i c a l approaches t he F e d e r a l R e s e r v e 
can use t o a t tempt t o c o n t r o l t he b e h a v i o r o f the money supp l y o r any 
o t h e r f i n a n c i a l v a r i a b l e . One o f t h e s e would be t o a t tempt t o p r o j e c t t h e 
p a t h o f bank r e s e r v e s (o r t he monetary base) t h a t seems most l i k e l y t o be 
a s s o c i a t e d w i t h the d e s i r e d p a t h o f t he a g g r e g a t e . The s u c c e s s o f t h i s 
app roach depends , i n t u r n , on t he s t a b i l i t y and p r e d i c t a b i l i t y o f the 

1 m u l t i p l i e r f r e l a t i o n s h i p between r e s e r v e s and t h e a g g r e g a t e i n 
q u e s t i o n . Even i n the case o f monetary d e f i n i t i o n s i n v o l v i n g o n l y c u r 
rency and commerc ia l bank d e p o s i t s , t h e r e a re s i g n i f i c a n t p rob lems w i t h 
r e g a r d t o the s t a b i l i t y and p r e d i c t a b i l i t y o f the r e l e v a n t m u l t i p l i e r s . 
An a l t e r n a t i v e t a c t i c a l app roach open t o the F e d e r a l Rese rve i n s e e k i n g t o 
c o n t r o l the b e h a v i o r o f f i n a n c i a l a g g r e g a t e s i n v o l v e s a t t e m p t i n g t o e s t i 
mated the volume o f the a g g r e g a t e t he p u b l i c w i l l want t o h o l d under g i v e n 
c o n d i t i o n s o f agg rega te demand and i n t e r e s t r a t e s , t hen s e e k i n g t o 
i n f l u e n c e s h o r t - t e r m money market r a t e s a c c o r d i n g l y . T h i s app roach a l s o 
poses ve ry r e a l p rob lems even i n t he case o f a monetary a g g r e g a t e because 
o f d i f f i c u l t i e s i n e s t i m a t i n g what t he p u b l i c ' s demand f o r money w i l l be 
unde r g i v e n c o n d i t i o n s . 

S h o r t l y a f t e r t h i s was w r i t t e n t he Fed announced t h a t i t wou ld 

change o p e r a t i n g p r o c e d u r e s f rom the second a l t e r n a t i v e , t he funds t a r g e t i n g 

a p p r o a c h , t o the f i r s t a l t e r n a t i v e , the r e s e r v e s t a r g e t i n g a p p r o a c h . There 

a r e c e r t a i n l y impo r tan t d i f f e r e n c e s i n t h e s e two a p p r o a c h e s , but i n one i m p o r 

t a n t r e s p e c t they a re s i m i l a r . The s i m i l a r i t y i s t h a t i n bo th cases the 

c o n t r o l v a r i a b l e wh ich d i r e c t l y a f f e c t s t he money s u p p l y i s the f e d e r a l funds 

r a t e . That t h i s i s t r u e i s not a lways obv ious f rom F e d e r a l Rese rve System 

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

f o l l o w i n g passage f rom a s t a f f r e p o r t p u b l i s h e d a s , ? f Monetary P o l i c y and Open 

Market O p e r a t i o n s i n 1980, M i n the Summer 1981 FRBNY Q u a r t e r l y Review makes 

t h i s c l e a r . 
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As the Desk worked t o a c h i e v e t h e average nonborrowed r e s e r v e p a t h , 
b o r r o w i n g a t t he d i s c o u n t window and money market r a t e s tended t o a d j u s t 
whenever money growth d e v i a t e d f rom t h e Commi t t ee ' s s h o r t - t e r m a g g r e g a t e 
o b j e c t i v e s . When money growth was above t h e s e o b j e c t i v e s , f o r examp le , as 
i n the autumn o f 1980, banks demand f o r t o t a l r e s e r v e s exceeded t h e 
nonborrowed r e s e r v e p a t h by more than t he i n i t i a l b o r r o w i n g a s s u m p t i o n . 
Hence , w i t h t h e Desk s u p p l y i n g nonborrowed r e s e r v e s i n l i n e w i t h t h e p a t h , 
i n t e r e s t r a t e s tended t o move h i g h e r as banks were f o r c e d t o seek g r e a t e r 
a c c e s s t o t he d i s c o u n t window t o meet t h e i r r e s e r v e r e q u i r e m e n t s . These 
r e s u l t i n g changes i n money market r a t e s under the r e s e r v e a p p r o a c h , i n 
t u r n , worked t o encourage banks and t he p u b l i c t o make t he p o r t f o l i o 
changes needed t o r e t u r n money growth i n t ime back i n l i n e w i t h t he 
Commi t t ee ' s o b j e c t i v e s . 

On o c c a s i o n , as seemed a p p r o p r i a t e , t he nonborrowed r e s e r v e p a t h 
was m o d i f i e d r e l a t i v e t o t he t o t a l r e s e r v e p a t h i n o r d e r t o a c c e l e r a t e t h e 
ad jus tmen t p r o c e s s . These changes were i n t e n d e d t o encourage an even 
s h a r p e r response i n b o r r o w i n g , and hence i n r e s e r v e a v a i l a b i l i t y and 
i n t e r e s t r a t e s , t o monetary d e v i a t i o n s so t h a t t he p r e s s u r e s f o r r e s t o r i n g 
money growth i n l i n e w i t h t he Commi t t ee ' s o b j e c t i v e s were i n t e n s i f i e d . 

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

c h a i n between the F e d ' s nonborrowed r e s e r v e t a r g e t and the money s u p p l y g i v e s 

a c r u c i a l r o l e t o t he funds r a t e . The funds r a t e i s never m e n t i o n e d , but at a 

g i v e n d i s c o u n t r a t e , the funds r a t e i s c l o s e l y t i e d t o the l e v e l o f b o r 

r o w i n g s . The d e s c r i p t i o n i s f rom a n o t h e r FRBNY Q u a r t e r l y Rev iew a r t i c l e , "The 

Monetary Base as an I n t e r m e d i a t e Ta rge t f o r Monetary P o l i c y , " by R i c h a r d G. 

D a v i s i n t he W i n t e r 1979/80 i s s u e . 

I n the s h o r t - r u n c o n t e x t , a c r i t i c a l p o i n t i s t h a t member bank e x c e s s 
r e s e r v e s tend t o average c l o s e t o f r i c t i o n a l m i n i m o v e r a p e r i o d o f 
weeks and t o show l i t t l e s y s t e m a t i c s e n s i t i v i t y t o i n t e r e s t r a t e 
movements. C o n s e q u e n t l y , movements i n the t o t a l r e s e r v e component o f 
t he base t end l a r g e l y t o m i r r o r movements i n r e q u i r e d r e s e r v e s . And 
i n the s h o r t p e r i o d o f a few weeks between FOMC m e e t i n g s , r e q u i r e d 
r e s e r v e movements tend t o be on l y m a r g i n a l l y r e s p o n s i v e t o the volume 
of nonborrowed r e s e r v e s s u p p l i e d . The volume o f r e s e r v e s s u p p l i e d 
t h r o u g h open market o p e r a t i o n s , i n t he s h o r t r u n , ma in l y a f f e c t s the 
ex ten t t o wh ich member banks a r e f o r c e d t o meet t h e i r r e s e r v e 
r e q u i r e m e n t s t h rough bo r row ings a t the d i s c o u n t window. The e f f e c t 
on t o t a l r e s e r v e s , nonborrowed p l u s b o r r o w i n g s , and on t he t o t a l 
monetary base appears t o be q u i t e s m a l l ove r t h e s e s h o r t p e r i o d s . 

C l e a r l y , t h e n , whether the focus i s d i r e c t l y on the funds r a t e , o r 

on r e s e r v e t a r g e t s , the fundamenta l l i n k between the open market o p e r a t i o n s 
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and t h e i r a f f e c t on the money s u p p l y i s t h rough t h e i r a f f e c t on t h e funds 

r a t e . 

M o r e o v e r , t he Open Market Commit tee and the Desk r e c o g n i z e t h a t 

t h e r e i s a fundamenta l t r a d e o f f between the r a p i d i t y o f r e d u c t i o n o f s h o r t - r u n 

d e v i a t i o n s i n money and v o l a t i l i t y o f i n t e r e s t r a t e s . Q u o t i n g a g a i n f rom the 

r e p o r t i n the Summer I98I FRBNY Q u a r t e r l y Rev iew : 

[The Committee] t r i e d t o t a k e i n t o accoun t l a g s i n t he e f f e c t s o f changes 
i n f i n a n c i a l market c o n d i t i o n s on money g r o w t h . A more a g g r e s s i v e 
app roach to s e t t i n g s h o r t - t e r m monetary t a r g e t s — s a y , one t h a t a t t emp ted 
c l o s e month- to -month c o n t r o l — r i s k e d the p o s s i b i l i t y o f wh ipsaw ing t h e 
marke ts and u l t i m a t e l y d e s t a b l i z i n g money growth and i n t e r e s t r a t e s ove r a 
l o n g e r p e r i o d . 

A recen t s t a f f s t u d y , T i n s l e y , von z u r M u e h l e n , T r e p e t a , and F r i e s 

( i 9 8 l ) , a d d r e s s e d the q u e s t i o n o f whether t h e r e e x i s t s 

" . . . a w e l l - b e h a v e d t r a d e o f f between the v o l a t i l i t y o f d e v i a t i o n s o f M-1A 
f rom l o n g - r u n t a r g e t s and v o l a t i l i t y o f s h o r t - t e r m i n t e r e s t r a t e s u n d e r 
c u r r e n t and a l t e r n a t i v e o p e r a t i n g p r o c e d u r e s t h a t may be e x p l o i t e d by 
s h o r t - r u n monetary p o l i c y ? " 

The T i n s l e y , et a l . , s tudy i n v o l v e d s i m u l a t i o n s o f t he B o a r d ' s 

month ly money market m o d e l . A l t h o u g h t h e i r c o n c l u s i o n s a re s i m i l a r t o t h o s e 

reached h e r e , t h e i r app roach d i f f e r s i n t h a t they d i d not adopt an e x p l i c i t 

c o n t r o l t h e o r e t i c f ramework , nor d i d they t r y t o model t he week - to -week 

dynamics o f the money marke t . 

The o p t i m a l c o n t r o l app roach t o monetary c o n t r o l o u t l i n e d above i s 

an a t tempt t o f o r m a l i z e the F e d ' s o p e r a t i n g p r o c e d u r e s and the i m p l i c i t l o s s 

f u n c t i o n wh ich t r a d e s o f f s h o r t - r u n c o n t r o l f o r i n t e r e s t r a t e smoothness . 

A p p l y i n g t ime s e r i e s t e c h n i q u e s t o t h e e s t i m a t i o n o f t he laws o f mot ion o f t h e 

M - l , f e d e r a l funds p r o c e s s f o r m a l i z e s the Commi t t ee ' s a t t e n t i o n t o t he l a g s 

i n h e r e n t i n the s y s t e m . Because t he Committee i s , i n e f f e c t , a t t e m p t i n g t o 

s o l v e the same p r o b l e m , but w i t h o u t the b e n e f i t o f o p t i m a l c o n t r o l t h e o r y and 

t ime s e r i e s a n a l y s i s , i t s s o l u t i o n i s l i k e l y t o be s u b o p t i m a l . 
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A l t h o u g h i t may a t f i r s t appear t o be a funds r a t e t a r g e t i n g p r o 

c e d u r e , the c o n t r o l app roach s u g g e s t e d here s h o u l d not be though t o f as e i t h e r 

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

t h e s e o p e r a t i n g p r o c e d u r e s a f f e c t t he l e v e l o f the money supp l y t h r o u g h t he 

funds r a t e . The feedback r u l e d e f i n e d h e r e i s t hus a n e c e s s a r y i n g r e d i e n t f o r 

e i t h e r o p e r a t i n g p r o c e d u r e t o f u n c t i o n o p t i m a l l y . As e x p l a i n e d b e l o w , 

a c c o r d i n g t o the model p r e s e n t e d he re the use o f a funds t a r g e t i n g p r o c e d u r e 

i s l i k e l y t o reduce the l o s s e s i n c u r r e d u s i n g an o p t i m a l c o n t r o l a p p r o a c h . 

N e v e r t h e l e s s , t h e r e a r e s e v e r a l r easons why t he Fed might want t o implement a 

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

F i r s t o f a l l , i f t he Fed were o b v i o u s l y p e g g i n g the funds r a t e , i t might 

become p o l i t i c a l l y i m p o s s i b l e f o r t he Fed t o s e t t he r a t e a t t he l e v e l s d e t e r 

mined t o be o p t i m a l a c c o r d i n g t o t he c o n t r o l r u l e . S e c o n d l y , s w i t c h i n g back 

t o funds r a t e t a r g e t i n g p r o c e d u r e wou ld be an obv ious change i n p o l i c y . The 

more smooth ly a feedback r u l e such as t h i s i s imp lemen ted , the more l i k e l y i t 

i s t h a t t he money market w i l l respond as i t has i n t he p a s t . T h i s s t a b i l i t y 

i n r esponse i s a key i s s u e wh i ch i s d i s c u s s e d b e l o w . Ano the r argument a g a i n s t 

s w i t c h i n g back t o a funds r a t e t a r g e t i n g app roach i s t h a t i t might send j u s t 

t he wrong s i g n a l c o n c e r n i n g t he F e d ' s i n t e n t i o n s t o c o n t r o l t he money 

s u p p l y . Any p o s s i b l e s i g n a l t h a t i t has l o s t the a b i l i t y o r t he d e s i r e t o 

c o n t r o l the supp l y o f money c o u l d r a i s e i n f l a t i o n e x p e c t a t i o n s , and c o n s e 

q u e n t l y t he l e v e l o f i n t e r e s t r a t e s . The o p e r a t i o n o f t he feedback r u l e unde r 

a r e s e r v e s t a r g e t i n g p r o c e d u r e wou ld not be t h a t much d i f f e r e n t f rom c u r r e n t 

p r o c e d u r e s . Today , t he FOMC p i c k s t a r g e t ranges f o r the funds r a t e and money 

growth r a t e s , wh i ch the Board and the Desk t r a n s l a t e i n t o r e s e r v e p a t h 

t a r g e t s . Under an o p t i m a l c o n t r o l a p p r o a c h , the Board and the Desk c o u l d 

compute r e s e r v e t a r g e t s on a week-by-week b a s i s , c o n s i s t e n t w i t h the funds 
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r a t e g i v e n by the feedback r a l e . As l o n g as the Fed i s w i l l i n g t o cause t h e 

f e d e r a l funds r a t e t o move as needed t o c o n t r o l t he money s u p p l y , t h e d i f f e r 

ence between a funds and a r e s e r v e s t a r g e t i n g p r o c e d u r e i s not s h a r p . A c l a s s 

o f p o s s i b l e r u l e s can be d e f i n e d i n terms o f the f r equency w i t h wh i ch the 

r e s e r v e s t a r g e t i s a d j u s t e d . The funds and r e s e r v e s t a r g e t p r o c e d u r e s d i s 

c u s s e d he re a r e two p o s s i b l e p o i n t s i n t h i s c l a s s . In t h e l i m i t as a r e s e r v e s 

t a r g e t i s a d j u s t e d more and more o f t e n t o r e a c h a d e s i r e d l e v e l f o r t h e funds 

r a t e , i t becomes a funds t a r g e t i n g p r o c e d u r e . 

The t ime s e r i e s model t h a t d r i v e s the a n a l y s i s t o f o l l o w i s a b i v a r -

i a t e a u t o r e g r e s s i v e r e p r e s e n t a t i o n f o r M - l and t he funds r a t e . Twelve l a g s o f 

each v a r i a b l e and a c o n s t a n t t e rm a r e i n c l u d e d i n each e q u a t i o n . The model i s 

e s t i m a t e d u s i n g week ly da ta f rom 1976:1 th rough 1982:12. The e s t i m a t i o n 

p r o c e d u r e i s T h e i l f s (1971) mixed e s t i m a t i o n p r o c e d u r e , a p p l i e d e q u a t i o n by 

e q u a t i o n , t h a t i s , o r d i n a r y l e a s t squares w i t h the da ta s e t s augmented t o 

i n c l u d e a se t o f o b s e r v a t i o n s r e p r e s e n t i n g a B a y e s i a n p r i o r o f t h e t y p e 

d e s c r i b e d by L i t t e r m a n (1981). A s c h e m a t i c r e p r e s e n t a t i o n o f t h i s p r i o r i s 

g i v e n b e l o w . 

The e s t i m a t i o n was c a r r i e d out u s i n g the R e g r e s s i o n A n a l y s i s o f Time 

S e r i e s p rogram o f Doan and L i t t e r m a n (1981). U s i n g t h e i r n o t a t i o n , t h e p r i o r 

i s a Symmetr ic Random Walk w i t h pa rame te r 1. (each v a r i a b l e i n each e q u a t i o n 

i s t r e a t e d s y m m e t r i c a l l y , the c o e f f i c i e n t on the own f i r s t l a g has a mean o f 

1. , a l l o t h e r c o e f f i c i e n t s have a mean o f 0 . ) , and t he l a g decay i s harmon ic 

w i t h pa ramete r 2. ( the p r i o r f o r the c o e f f i c i e n t on l a g j i s c e n t e r e d a round 

0. w i t h a s t a n d a r d e r r o r 1/j t i m e s the s t a n d a r d e r r o r on t he f i r s t l a g ) . The 

o v e r a l l t i g h t n e s s i s .5 ( the s t a n d a r d d e v i a t i o n o f t h e p r i o r d i s t r i b u t i o n f o r 

t h e f i r s t l a g o f the dependent v a r i a b l e i s .5) The p r i o r s t a n d a r d d e v i a t i o n s 

o f o t h e r than the dependent v a r i a b l e i n each e q u a t i o n a r e s c a l e d by t h e 
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s t a n d a r d e r r o r o f u n i v a r i a t e e q u a t i o n s i n o r d e r t o t a k e accoun t o f t h e 

d i f f e r e n t u n i t s o f the v a r i a b l e s . The p r i o r was chosen based on an i n f o r m a l 

s e a r c h ove r t he pa rame te rs o f the p r i o r f o r t h o s e wh i ch l e d t o t h e b e s t o u t -

o f - s a m p l e f o r e c a s t s . 

The c o e f f i c i e n t e s t i m a t e s f rom t h i s p r o c e d u r e can be v iewed as an 

a p p r o x i m a t i o n o f t he p o s t e r i o r mean u s i n g t h i s p r i o r . These e s t i m a t e s a r e 

g i v e n i n Tab le 2 . I t i s not ve ry e n l i g h t e n i n g t o a n a l y z e the a u t o r e g r e s s i v e 

r e p r e s e n t a t i o n d i r e c t l y , however , so we a l s o p r e s e n t t he moving a v e r a g e , o r 

i m p u l s e response f u n c t i o n , r e p r e s e n t a t i o n i n F i g u r e 7-
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TABLE 2 
C o e f f i c i e n t E s t i m a t e s 

EQUATION 1 M - l 

OBSERVATIONS 318 DEGREES OF FREEDOM 317 
R**2 0-99933269 RBAR**2 0.99933269 
SSR UU8.U0716 SEE 1.1893U17 
DURBIN-WATSON 1.97^8638 

LABEL LAG COEFFICIENT STAND. ERROR T-STATISTIC SIGNIF LEVEL 
***** *** ************ ************ ************ ************ 
M - l 1 •9061776 .05330237 17.00070 .0000000 
M - l 2 •0213272 .06180319 .3U508 .730031!+ 
M - l 3 .0096618 •0U2U8938 .22739 .8201172 
M - l k •0601^79 .0278^98 2.16009 .0076505 
M - l 5 .012*1172 • 01911+333 .61+861+ .5165686 
M - l 6 -.001+1191 .013759^5 -.29937 .761+6562 
M - l 7 • 0021+200 •01027570 .23551 .8138091+ 
M - l 3 .0039907 .0079^580 .50225 .6151+915 
M - l 9 .0020050 .00632180 .31716 .7511171+ 
M - l 10 -.0003031 .0051^80 -.05892 .9530122 
M - l 11 .0010058 .00U26550 .23581 .81357!+! 
M - l 12 .0010862 .00359225 .30239 .7623510 
Funds Rt 1 -.2781385 .1170627 -2.37597 .0175021+ 
Funds Rt 2 -.0838023 .11*67635 -.57100 .5679978 
Funds Rt 3 .0720601 • O9I+6666 .76119 .1+1+65383 
Funds Rt k .059^890 .0605398 • 98261+ .3257835 
Funds Rt 5 .0199801 •OU09899 .1+871+3 .6259^68 
Funds Rt 6 .00628^0 .0293273 .211+27 .830331+7 
Funds Rt 7 .0078717 .0219227 .35906 .71951+57 
Funds Rt 8 .0087101 .0169927 .51257 .60821+56 
Funds Rt 9 .0079570 .0135^39 .5871+9 .5568700 
Funds Rt 10 .0017977 .01101+15 .16281 .8706652 
Funds Rt 11 .0015909 .0091669 .17355 .8622129 
Funds Rt 12 .0009123 .0077300 .11802 .9060515 
C o n s t a n t -3.39^371 I.OU0U65 -3.26236 .001101+8 
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EQUATION 2 Funds Rt 

OBSERVATIONS 318 DEGREES OF FREEDOM 317 
R**2 0-98782615 RBAR**2 0-98782615 
SSR 78.19^197 SEE O.i+9665822 
DURBIN-WATSON 1.9382113*+ 

LABEL LAG COEFFICIENT STAND. ERROR T-STATISTIC SIGNIF LEVEL 
***** *** ************ ************ ************ ************ 
M - l 1 - •0852225 .022258 -3 .828751 .0001287 
M - l 2 .121U743 -025808 1+.706767 .0000025 
M - l 3 -.0125290 .0177^3 -.706130 .1+801068 
M - l 1+ .0019^31 .011627 .167115 .8672795 
M - l 5 - . 0 0 9 3 2 5 1 .00799^ - I . I66508 .21+31+091 
M - l 6 - .0032^06 .0057^5 -.563998 .5727552 
M - l 7 -.0022331 .001+291 -.5201+32 .6027623 
M - l 8 -.0012125 .003318 -.3651+31 .711+7893 
M - l 9 -.0012527 .002639 -.l+7!+521 .635128^ 
M - l 10 -.0012026 -0021U8 - .55977^ .5756330 
M - l 11 -.0007926 .001781 -.1+1+5011 .6563117 
M - l 12 -.0005638 •001500 -.375901 .7069903 
Funds Rt 1 1.132931 .01+8881+ 23.17576 .0000000 
Funds Rt 2 - .115^26 .061287 -1.88337 .05961+91 
Funds Rt 3 - .03^7^1 .039531 -.87881 .3795010 
Funds Rt 1+ -.013^89 .025280 -.53357 .5936380 
Funds Rt 5 -.013961+ .017117 - . 8 1 5 7 9 .1+11+6150 
Funds Rt 6 - . 5 9 2 2 7 4 .01221+6 -.1+8361 .6286599 
Funds Rt 7 -.006550 .00915!+ -.71551* .!+7!+27l8 
Funds Rt 8 -.0031+52 .007096 -.1+8650 .6266065 
Funds Rt 9 -.001838 .005655 -.32502 .71+51603 
Funds Rt 10 -.001819 .001+610 - .39^53 .693181+8 
Funds Rt 11 -.001120 .003828 -.29275 .7697113 
Funds Rt 12 -.000753 .003228 -.23337 .8151+665 
C o n s t a n t -1.1+69521 .1+31+1+88 -3.38218 .0007191 
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The s t a t e v e c t o r f o r t h i s e x e r c i s e i n c l u d e s 12 l a g s o f M - l , 12 l a g s 

o f t he f e d e r a l funds r a t e , a c o n s t a n t , and a money t a r g e t . 

x ( t ) = [ m ( t ) , m ( t - l ) , . . . , m ( t - 1 2 ) , r ( t ) , r ( t - l ) , . . . , r ( t - 1 2 ) , 1 . , M ? t ) ] 

The e q u a t i o n o f mot ion i s g i v e n by : 

x ( t ) = A x ( t - l ) + B u ( t ) + w ( t ) 

where u ( t ) = F x ( t - l ) 

d e f i n e s the c o n t r o l . The c o n t r o l , u ( t ) , i s a s c a l a r v a r i a b l e d e f i n e d as a 

l i n e a r c o m b i n a t i o n o f t he p r e v i o u s s t a t e v e c t o r by the feedback v e c t o r F . The 

v e c t o r F i s g e n e r a t e d by the s o l u t i o n o f the m a t r i x R i c c a t i e q u a t i o n . B i s a 

v e c t o r o f ze ros w i t h a one as the 13 th e l e m e n t , c o r r e s p o n d i n g t o the e lement 

r ( t ) i n t he s t a t e v e c t o r . The v e c t o r w( t ) has z e r o s everywhere excep t i n i t s 

f i r s t and 13th e l e m e n t s , wh ich a r e w h i t e n o i s e e r r o r terms w i t h c o v a r i a n c e 

m a t r i x e q u a l t o the e s t i m a t e d c o v a r i a n c e m a t r i x o f the r e s i d u a l s f rom the 

p o s t - O c t o b e r 1979 d a t a . T h i s c o v a r i a n c e m a t r i x i s as f o l l o w s : 

T a b l e 3 
C o v a r i a n c e M a t r i x o f I n n o v a t i o n s 

M - l 
Funds Rt 

M - l 
1.1+101 
.1298 

C o r r e l a t i o n .2205 

The m a t r i x A i s g i v e n be low : 

a ( l , l ) 
1. 
0 . 

a ( l , 2 ) 
0 . 
1. 

a ( l , 1 2 ; 
0 . 
0 . 

a ( l , 1 3 ) 
0 . 
0 . 

Funds Rt 
.1298 
.21+59 

1(1,21+; 
0 . 
0 . 

a ( l , 2 5 ) 
0 . 
0 . 

0 , 
0 , 
0 , 

0 . 
a ( 2 , l ] 

0 . 
0 . 

0 . 
a ( 2 , 2 ) 

0 . 
0 . 

0 . 
ate,12) 

0 . 
0 . 

0 . 
ate,13) 

1. 
0 . 

0 . 
ate,21+) 

0 . 
0 . 

0 . 
a(2,25) 

0 . 
0 . 

0 . 
0 , 
0 . 
0 . 

0 . 
0 . 
0 . 

0 . 
0 . 
0 . 

0 . 
0 . 
0 . 

0 . 
0 . 
0 . 

0 , 
0 , 
0 . 

0 . 
1. 

0 , 
0 . 
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where g i s t he t a r g e t e d growth r a t e o f money (on a week t o week b a s i s ) . The 

a ( i , j ) a re t he c o e f f i c i e n t s f rom the t ime s e r i e s model d e s c r i b e d above w h i c h 

de te rm ines m(t) and r ( t ) as a f u n c t i o n o f t he l a g g e d s t a t e . 

T h i s c o n t r o l model c o r r e s p o n d s t o a w o r l d i n wh ich the Fed a t t he 

b e g i n n i n g o f t he week p i c k s a s h o c k , u ( t ) , wh ich i t does not mod i fy as t h e 

week p r o g r e s s e s . I t i s d e s i g n e d t o model a r e s e r v e s t a r g e t i n g p r o c e d u r e i n 

wh ich the l e v e l o f nonborrowed r e s e r v e s t o s u p p l y d u r i n g t he week i s chosen so 

as t o cause an o p t i m a l movement i n the funds r a t e . Because t h e r e a r e u n f o r e 

seen shocks d u r i n g the week, g i v e n by w ( t ) , t he funds r a t e has a s t o c h a s t i c 

e lement wh ich i s not under t he F e d ' s c o n t r o l . 

In o r d e r t o model a funds r a t e t a r g e t i n g p r o c e d u r e , t he s t a t e v e c t o r 

i s augmented t o i n c l u d e the next d i s t u r b a n c e t o the funds r a t e e q u a t i o n . The 

A m a t r i x i s augumented by a column wh ich i s z e r o s excep t f o r a one i n t he 13 th 

row, c o r r e s p o n d i n g t o the funds r a t e e q u a t i o n . T h i s i n c l u s i o n i s a d e v i c e 

wh ich a l l o w s the feedback r u l e t o respond t o the d i s t u r b a n c e d u r i n g the week 

i n wh ich i t o c c u r s . Respond ing t o t h e d i s t u r b a n c e i s a way t o model an o p e r 

a t i n g p r o c e d u r e i n wh i ch the funds r a t e i s t a r g e t e d each week and r e s e r v e s a r e 

s u p p l i e d o r demanded by t he Fed as n e c e s s a r y t o keep the r a t e w i t h i n a nar row 

b a n d . In t h i s app roach the o n l y d i f f e r e n c e between a r e s e r v e s t a r g e t i n g 

p r o c e d u r e and a funds r a t e t a r g e t i n g p r o c e d u r e i s t h a t under t he funds r a t e 

p r o c e d u r e the Fed can respond t o the d i s t u r b a n c e , whereas under the r e s e r v e 

p r o c e d u r e i t canno t . Thus , u s i n g t h i s approach i m p l i e s t h a t t h e r e w i l l a lways 

be more n o i s e under a r e s e r v e s t a r g e t i n g p r o c e d u r e . 

To t h i s p o i n t , no ment ion has been made o f the f a c t t h a t t he money 

s u p p l y i s not obse rved con temporaneous ly w i t h the funds r a t e . Fo r t he p u r p o s e 

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

a c o n t r o l f rom the p rob lem o f o b s e r v i n g the c u r r e n t s t a t e . Fo r a s ta tement o 
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t h i s r e s u l t , see B e r t s e k a s (1976). The i i r r p l i c a t i o n o f t h i s r e s u l t i s t h a t 

when one o r more o f the most r e c e n t o b s e r v a t i o n s o f money a re not a v a i l a b l e , 

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

money, and t h e n t o p r o c e e d as i f t hey had been o b s e r v e d . In p r a c t i c e , depend

i n g on the day o f t he week, t he l a g between the o b s e r v a t i o n o f t he funds r a t e 

and M - l v a r i e s between 7 and 12 b u s i n e s s d a y s . We model t h i s as a two-week 

l a g i n the week ly d a t a . Thus , we p r o c e e d i n two s t e p s . F i r s t we form t h e 

o p t i m a l l i n e a r f o r e c a s t o f t he most r e c e n t two weeks o f money d a t a , t hen we 

p r o c e e d as above . The f o r e c a s t i n g e x e r c i s e i s c o n d i t i o n a l on t he two advanced 

o b s e r v a t i o n s on the funds r a t e . The o p t i m a l l i n e a r f o r e c a s t i n g p r o c e d u r e i n 

t h i s case i s d e s c r i b e d i n Example 13 o o f Doan and L i t t e r m a n (1981). The 

a s t u t e reade r w i l l have r e a l i z e d t h a t t he c o n d i t i o n a l f o r e c a s t depends on t he 

reduced f o r m , wh ich i s a f u n c t i o n o f the feedback c o n t r o l r u l e ; but t he f e e d 

back c o n t r o l r u l e i t s e l f i s a f u n c t i o n o f the c o n d i t i o n a l f o r e c a s t . T h u s , 

u s i n g t h i s f o r m u l a t i o n w i t h two unobse rved v a l u e s o f money i n the s t a t e v e c 

t o r , t he p rob lem o f f i n d i n g the o p t i m a l c o n t r o l r u l e r e q u i r e s a s i m u l t a n e o u s 

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

p r o b l e m i s not a l l t h a t s e r i o u s . The method d e s c r i b e d be low has worked q u i t e 

w e l l w i t h a minimum a d d i t i o n a l comput ing expense . 

The s o l u t i o n p r o c e d u r e i s a s i m p l e i t e r a t i o n . The reduced form i n 

t he f i r s t s tep i s d e r i v e d by s o l v i n g t h e m a t r i x R i c c a t i e q u a t i o n f o r a f e e d 

back c o n t r o l v e c t o r , F , and p l u g g i n g i t i n t o t he s t a t e e q u a t i o n . 

x ( t ) = (A-BF) x ( t - l ) + w ( t ) (U) 

The c o n d i t i o n a l f o r e c a s t o f x ( t - l ) g i v e n a s u b v e c t o r o f x ( t - l ) can be w r i t t e n 

as 

x ( t - l ) = G x ( t - l ) (5) 

where G i s a m a t r i x wh ich has z e r o s i n the columns c o r r e s p o n d i n g t o the 
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unobse rved components o f x ( t - l ) . G i v e n G, t he new reduced f o r m , t h a t i s t h e 

reduced form f o r s t ep two i s 

x ( t ) = (A-BFG) x ( t - l ) + w ( t ) (6) 

T h i s reduced form i m p l i e s a new G, and so on . Note t h a t each i t e r a t i o n adds 

two l a g s to t he s t a t e v e c t o r . Thus , i n p r i n c i p l e , the reduced form has an 

i n f i n i t e 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 . In p r a c t i c e , w i t h i n t he r e l e v a n t 

range o f X f s i t e r a t i n g between t h e s e two e q u a t i o n s q u i c k l y l e a d s t o c o n v e r 

gence o f G and the reduced form t r a n s i t i o n m a t r i x , ( A - B F G ) . N o t i c e t h a t t h i s 

i t e r a t i v e p r o c e d u r e does not r e q u i r e r e p e a t e d s o l u t i o n o f t he m a t r i x R i c c a t i 

e q u a t i o n , wh ich de te rm ines F . We i l l u s t r a t e the reduced form response o f 

money and the funds r a t e t o an i n n o v a t i o n i n money i n F i g u r e s 3 t h r o u g h 13 f o r 

funds r a t e and r e s e r v e t a r g e t i n g p r o c e d u r e s and s e v e r a l v a l u e s o f X and q . 

The response o f the funds r a t e c o u l d be v iewed as a Fed r e a c t i o n f u n c t i o n 

unde r an o p t i m a l c o n t r o l a p p r o a c h . 

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

F i r s t , t h e r e i s a two week l a g i n t he response o f i n t e r e s t r a t e s t o t he money 

i n n o v a t i o n . T h i s i s due t o t he d e l a y i n the o b s e r v a t i o n o f the money i n n o 

v a t i o n . Because o f the d i f f e r e n c e s i n t he d e f i n i t i o n s o f t he l o s s f u n c t i o n s , 

t h e v a l u e s o f X a r e not comparab le between l o s s f u n c t i o n s w i t h d i f f e r e n t 

v a l u e s o f q . F o r q=12 and the funds t a r g e t i n g p r o c e d u r e graphs r e p r e s e n t i n g 

s e v e r a l v a l u e s o f X a r e d i s p l a y e d . As X g e t s l a r g e r more we igh t i s g i v e n t o 

smooth ing i n t e r e s t r a t e s ; t h i s causes a s m a l l e r i n t e r e s t r a t e response and a 

l o n g e r d e l a y i n r e t u r n i n g money t o t he t a r g e t p a t h . The main d i f f e r e n c e 

between responses when q=l and q=12 i s t h a t i n t he l a t t e r case r esponses a r e 

more o f a d i s c r e t e n a t u r e . When l o n g e r run smooth ing i s d e s i r e d , t he response 

t o a g i v e n shock i s t o move t he funds r a t e t o a new l e v e l a t wh i ch i t i s 

expec ted t o s t a y , r a t h e r t han the more g r a d u a l i n c r e a s e wh ich i s g e n e r a t e d 

when o n l y week- to -week changes a r e p e n a l i z e d . 
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The shocks have been o r t h o g o n a l i z e d so t h a t the shock we a r e c a l l i n g 

a money i n n o v a t i o n i n c l u d e s the component o f i n t e r e s t r a t e i n n o v a t i o n s wh ich 

a r e c o r r e l a t e d w i t h money i n n o v a t i o n s . A compar i son o f the response p a t t e r n s 

f o r q=12, A=2, between t h e funds r a t e and r e s e r v e s t a r g e t i n g p r o c e d u r e s shows 

t h a t the d i f f e r e n c e between them i s t h a t unde r a funds r a t e t a r g e t t h e r e i s a 

contemporaneous o f f s e t t i n g o f the funds r a t e movement a s s o c i a t e d w i t h t he 

money i n n o v a t i o n . That o f f s e t t i n g response r e p r e s e n t s t he degree t o wh i ch a l l 

contemporaneous movements i n the funds r a t e a re o f f s e t ; t h e c o n t r o l l e r does 

not y e t r e c o g n i z e the movement as a money i n n o v a t i o n . In f a c t , because t h e 

funds r a t e movement i s e q u a l l y l i k e l y t o r e p r e s e n t a funds r a t e i n n o v a t i o n 

wh ich lowers the expec ted money p a t h , i n t he second week the funds r a t e i s 

b rough t e s s e n t i a l l y back t o , o r -even b e l o w , i t s p r e v i o u s p a t h . I t i s not 

u n t i l t he t h i r d week, when the money d i s t u r b a n c e i s seen by the c o n t r o l l e r , 

and r e c o g n i z e d f o r what i t i s , t h a t t he r e a c t i o n t o i t b e g i n s . 

Once the o p t i m a l feedback r u l e has been c a l c u l a t e d , t a k i n g i n t o 

accoun t t he l agged o b s e r v a t i o n o f money, t he p r o b a b i l i t y laws o f the c o n t r o l 

l e d sys tem are de te rm ined and thus we can c a l c u l a t e measures o f e x p e c t e d 

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

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

r e p r e s e n t the bes t p o s s i b l e s o l u t i o n s t o t he p rob lem o f m i n i m i z i n g bo th money 

supp l y d e v i a t i o n s and i n t e r e s t r a t e v o l a t i l i t y . The t r a d e o f f can be more 

e a s i l y u n d e r s t o o d by v i s u a l i z i n g t he c o s t s a s s o c i a t e d w i t h the 1976 t o p r e s e n t 

p e r i o d . These c o s t s a re i l l u s t r a t e d i n F i g u r e s 1^ and 15- In the f i r s t , we 

show the money d e v i a t i o n s f rom t a r g e t . T h i s t a r g e t does not a t tempt t o r e p r e 

sen t a c t u a l Fed p o l i c y , but r a t h e r i s e s t i m a t e d as a l o n g run t r e n d . T h i s 

assumes the Fed was a lways b a s i c a l l y h i t t i n g i t s l o n g run t a r g e t s , wh i ch 

p resumab ly u n d e r s t a t e s the t r u e s i t u a t i o n , p a r t i c u l a r l y p r i o r t o O c t o b e r -

1979. Fo r our p u r p o s e s , wh ich f o c u s on s h o r t - r u n c o n t r o l , t h i s i s an adequate 
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a p p r o x i m a t i o n . In f a c t , t h e t a r g e t i s e s t i m a t e d as t h e q u a d r a t i c t r e n d i n t h e 

l o g g e d M - l d a t a , and t h e i m p l i e d s l o w l y d e c l i n i n g growth r a t e s , wh i ch a r e a l s o 

shown i n the f i g u r e , a r e q u i t e c o n s i s t e n t w i t h the s t a t e d F e d e r a l R e s e r v e 

i n t e n t i o n s . F i n a l l y , i n t he p l o t showing t h e d e v i a t i o n s f rom t a r g e t we a l s o 

show d o t t e d l i n e s a t p l u s and minus the p o s t - O c t o b e r - 1 9 7 9 roo t mean squa re 

d e v i a t i o n . The s i z e o f t h i s mean square d e v i a t i o n i s t he measure o f monetary 

c o n t r o l wh ich e n t e r s the l o s s f u n c t i o n . 

I n t he next f i g u r e we show the f e d e r a l funds r a t e p a t h a l o n g w i t h 

two p l o t s i l l u s t r a t i n g how i n t e r e s t r a t e v o l a t i l i t y i s measured i n t he l o s s 

f u n c t i o n . One p l o t shows week - t c -week changes i n t he funds r a t e , w i t h d o t t e d 

l i n e s a t p l u s and minus the p o s t - O c t o b e r - 1 9 7 9 roo t mean square change . T h i s 

mean square change e n t e r s t he l o s s f u n c t i o n when q = l . In t he o t h e r p l o t we 

show the square roo t o f t he ave rage o f squa red changes f rom each o f t he t w e l v e 

p r e v i o u s weeks. T h i s v a l u e squared i s t he measure wh i ch e n t e r s the l o s s 

f u n c t i o n when q=12. A d o t t e d l i n e shows i t s p o s t - O c t o b e r - 1 9 7 9 ave rage 

v a l u e . N o t i c e t h a t w h i l e t hey bo th have u n i t s o f b a s i s p o i n t s , t h e l e v e l s o f 

t hese measures o f l o s s f o r q=l and q=12 a re not c o m p a r a b l e . 

H a v i n g now d e f i n e d t h e a p p r o p r i a t e measures o f l o s s , we a re a b l e t o 

p r e s e n t the o p t i m a l t r a d e o f f as a cu rve i n a g raph w i t h roo t mean square money 

s u p p l y d e v i a t i o n s on t he v e r t i c a l a x i s and roo t mean square changes i n 

i n t e r e s t r a t e s (or r oo t o f ave rages o f t w e l v e squared c h a n g e s , f o r q=12) on 

t h e h o r i z o n t a l a x i s . Two c u r v e s a re shown i n F i g u r e s l 6 and 17, one f o r t h e 

model o f a funds t a r g e t i n g p r o c e d u r e and one f o r the model o f a r e s e r v e s 

t a r g e t i n g p r o c e d u r e . The s i z e o f t he shocks i s based on the p o s t - O c t o b e r - 1 9 7 9 

e x p e r i e n c e . N o t i c e t h a t l o w e r i n g the ave rage money d e v i a t i o n f rom t a r g e t 

be low about k.5 b i l l i o n , wh i ch i s c l o s e t o t he a c t u a l p o s t - O c t o b e r - 1 9 7 9 l e v e l , 

b e g i n s t o r e q u i r e ve ry l a r g e i n c r e a s e s i n i n t e r e s t r a t e v o l a t i l i t y . 
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An i n t e r e s t i n g q u e s t i o n i s t he f o l l o w i n g : where does t he c u r r e n t 

p o l i c y , r e p r e s e n t e d i n t h i s model by t he t ime s e r i e s r e p r e s e n t a t i o n w i t h no 

c o n t r o l a p p l i e d , l e a v e us i n t h i s space? We can answer t h i s q u e s t i o n , but t h e 

c u r v e d e s c r i b e d above , wh ich r e p r e s e n t s an ave rage expec ted pe r fo rmance i n a 

s teady s t a t e , i s not the b e s t p o i n t o f d e p a r t u r e . The p r o b l e m i s t h a t t h e 

d e v i a t i o n s f rom t a r g e t o f the u n c o n t r o l l e d money p a t h accumu la te over t ime so 

t h a t t h e r e i s no f i n i t e s t eady s t a t e e x p e c t e d money d e v i a t i o n . T h i s a s p e c t o f 

t h e t ime s e r i e s r e p r e s e n t a t i o n f o r c u r r e n t p o l i c y i s not a c h a r a c t e r i s t i c 

about wh ich we s h o u l d be over i l y c o n c e r n e d . F i r s t o f a l l , t he r e l a t i v e l y s h o r t 

segment o f week ly d a t a on wh ich i t i s based does not c o n t a i n much i n f o r m a t i o n 

about t he l o n g run p r o p e r t i e s o f t he s y s t e m . In t he second p l a c e , the random 

walk p r i o r p u l l s t he e s t i m a t e s toward a n o n s t a t i o n a r y r e p r e s e n t a t i o n . I t i s 

p o s s i b l e , however , t o make a u s e f u l pe r fo rmance compar i son i n t h i s space 

between the o p t i m a l l y c o n t r o l l e d systems and the u n c o n t r o l l e d s y s t e m . T h i s 

can be a c c o m p l i s h e d by g e n e r a t i n g a k i n d o f psuedo h i s t o r y as d e s c r i b e d b e l o w . 

The v e c t o r a u t o r e g r e s s i v e r e p r e s e n t a t i o n gene ra tes a se t o f o n e -

s t e p - a h e a d f o r e c a s t e r r o r s , o r s h o c k s , f o r t he p e r i o d ove r wh ich i t i s e s t i 

mated. These shocks can be used t o answer t he q u e s t i o n o f how much b e t t e r 

c o u l d the Fed have done i n the p a s t , had i t been f o l l o w i n g an o p t i m a l c o n t r o l 

p o l i c y . F i r s t , we need t o d e f i n e a t a r g e t p a t h f o r the 1976 t o p r e s e n t 

p e r i o d . S i n c e we a re f o c u s i n g on s h o r t - r u n c o n t r o l , we w i l l t a k e as the l o n g -

run t a r g e t t he downward t r e n d i n g growth p a t h d e s c r i b e d above . G i v e n the 

t a r g e t , and t a k i n g t he i n i t i a l v a l u e s a t the b e g i n n i n g o f 1976 as g i v e n , f o r 

any p a r t i c u l a r v a l u e s o f X and q we can g e n e r a t e t he pa ths the s t a t e v a r i a b l e s 

would have t aken i f : 

(a) t he s t a t e had e v o l v e d a c c o r d i n g t o the v e c t o r a u t o r e g r e s s i v e 

r e p r e s e n t a t i o n , 

(b) an o p t i m a l c o n t r o l p o l i c y had been i n f o r c e , and 
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• 

(c) the same s e t o f shocks had h i t t he s y s t e m . 

The r e s u l t s o f t h i s t ype o f exper iment u s i n g d i f f e r e n t v a l u e s o f X 

and q , l e a d t o pseudo h i s t o r i e s and t r a d e o f f cu rves r e p r e s e n t i n g what would 

have o c c u r r e d under d i f f e r e n t l o s s f u n c t i o n s and an o p t i m a l c o n t r o l 

s t r a t e g y . These t r a d e o f f cu rves can be u s e f u l l y compared w i t h t he a c t u a l 

pe r fo rmance over the same p e r i o d . T h i s i s done i n F i g u r e s 18 and 19 for the 

pos t -Oc tobe r -1979 p e r i o d . 

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

1) W i th a l e s s f u n c t i o n t h a t f o c u s e s on h i g h f r equency v o l a 

t i l i t y ( i . e . q = l ) , t h e r e i s not m u c h l o s s a s s o c i a t e d w i t h 

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

p r o c e d u r e . 

2) S e c o n d , t h e r e i s very l i t t l e p o s s i b l e improvement , under 

e i t h e r p r o c e d u r e , i n r e d u c i n g s h o r t run money d e v i a t i o n s 

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

r a t e v o l a t i l i t y . 

3) T h i r d , t h e r e i s a l a r g e g a i n p o s s i b l e w i t h r e s p e c t t o r e d u c 

i n g h i g h f r equency i n t e r e s t r a t e v o l a t i l i t y by moving t o a 

funds r a t e t a r g e t i n g p r o c e d u r e . 

k) F i n a l l y , w i t h r e s p e c t t o a l o s s f u n c t i o n t h a t f o c u s e s on 

smooth ing bo th h i g h and low f requency movements i n i n t e r e s t 

r a t e s ( i . e . q=12), t h e r e i s a l a r g e g a i n p o s s i b l e t h r o u g h 

o p t i m a l c o n t r o l o f i n t e r e s t r a t e s f o r e i t h e r a r e s e r v e or a 

funds r a t e t a r g e t i n g p r o c e d u r e . 

A n o t h e r i n t e r e s t i n g compar i son can be made by l o o k i n g d i r e c t l y a t 

t he pseudo h i s t o r i e s t h e m s e l v e s . These a re shown f o r s e v e r a l v a l u e s o f X and 

q i n F i g u r e s 20 t o 25. N o t i c e t h a t compar ing the a c t u a l movements i n the 

funds r a t e w i t h the movements g e n e r a t e d by any o f t he o p t i m a l c o n t r o l 
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p r o c e d u r e s sugges ts t h a t the Fed o f t e n responds t o money d e v i a t i o n s w i t h t o o 

much o f a d e l a y , and t hen t o r e a c t f o r too l o n g o f a p e r i o d , l e a d i n g t o 

s i g n f i c a n t o v e r s h o o t i n g o f i t s M - l t a r g e t s . F u r t h e r m o r e , a compar i son w i t h 

t h e h i s t o r y g e n e r a t e d w i t h q e q u a l t o 12 and A =2 sugges ts t h a t a c o n s i d e r a b l e 

degree o f smooth ing o f t he funds r a t e c o u l d have been a c h i e v e d w i t h no a d v e r s e 

e f f e c t on monetary c o n t r o l . 
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In p r a c t i c e , what the o p t i m a l c o n t r o l p r o c e d u r e g i v e s t h e p o l i c y 

maker each week i s a s u g g e s t i o n f o r where t he funds r a t e s h o u l d be i n t he 

f o l l o w i n g week and a s e t o f f o r e c a s t s f o r v a l u e s o f t he s t a t e v a r i a b l e s c o n d i 

t i o n a l on the v a l u e o f t he funds r a t e . Examples o f t h i s t ype o f ou tpu t a r e 

g i v e n be low i n F i g u r e s 26, 27, and 28. Shown a r e a c t u a l v a l u e s up t he c u r r e n t 

t ime p e r i o d , t he p r o j e c t e d p a t h s o f the v a r i a b l e s i f no c o n t r o l i s a p p l i e d , 

and t he p r o j e c t e d p a t h s i f the o p t i m a l c o n t r o l i s a p p l i e d t h i s p e r i o d . 
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5 . EVIDENCE ON STRUCTURAL STABILITY 

There i s no gua ran tee t h a t changes i n the o p e r a t i n g p r o c e d u r e s o f 

the Fed would l e a v e u n a f f e c t e d t he impo r tan t dynamics o f t h e money market on 

wh i ch t h i s p r o c e d u r e depends . There i s e v i d e n c e wh ich s u g g e s t s t h a t t he 

impact wou ld not be l a r g e . M o r e o v e r , t h e r e a r e reasons t o t h i n k a s t r u c t u r a l 

model o f the l i n k between t h e funds r a t e and t he money supp l y c o u l d be c o n 

s t r u c t e d i n wh i ch t h a t response would not be s e n s i t i v e t o t he k i n d s o f i n t e r 

v e n t i o n s we have been c o n s i d e r i n g . 

A key assump t i on o f the above e x e r c i s e i s t h a t the dynamics o f t he 

money market v a r i a b l e s would not change t o o much as a r e s u l t o f t he a d o p t i o n 

o f an o p t i m a l c o n t r o l r a l e . Whether t h i s i s l i k e l y t o be t r u e i s a key 

q u e s t i o n , i t i s , a f t e r a l l , t he f ocus o f the r a t i o n a l e x p e c t a t i o n s c r i t i c i s m 

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

e x p e c t a t i o n s a rgument , changes i n t h e p o l i c y r u l e o f the government w i l l l e a d 

t o changes i n t h e a c t i o n s o f agen ts i n t he economy and t h e new dynamic 

b e h a v i o r o f the economy i s l i k e l y t o be f a r d i f f e r e n t f rom b e f o r e . Fo r a 

f o r c e f u l e x p o s i t i o n o f t h i s v i e w p o i n t , see Lucas (1976). 

The s t a n d a r d answer t o t he above q u e s t i o n i s t h a t t h e dynamic 

b e h a v i o r o f the economy can be modeled s t r u c t u r a l l y , and e q u a t i o n s such as a 

consumpt ion f u n c t i o n , a money demand f u n c t i o n , and so o n , r e p r e s e n t b e h a v i o r 

o f agen ts wh ich w i l l not change when the e q u a t i o n r e p r e s e n t i n g the p o l i c y r i l e 

i s changed . However, i f i t i s r e c o g n i z e d t h a t a g e n t s ' b e h a v i o r depend c r u 

c i a l l y on e x p e c t a t i o n s o f the f u t u r e , wh i ch i n t u r n depend on government 

p o l i c y , then u n l e s s e x p e c t a t i o n s have been e x p l i c i t l y mode led , t h i s d e f e n s e 

b r e a k s down. S i n c e a t ime s e r i e s r e p r e s e n t a t i o n i s the reduced form i m p l i e d 

by a s t r u c t u r a l m o d e l , the dynamics o f the t ime s e r i e s r e p r e s e n t a t i o n a r e 

s u b j e c t t o the Lucas c r i t i q u e . 
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In a d r a f t o f h i s f o r t h c o m i n g B r o o k i n g s p a p e r , Sims c h a l l e n g e s t h e 

r e l e v a n c e o f the Lucas c r i t i q u e , f o r p o l i c y c h o i c e s o f the t y p e b e i n g 

c o n s i d e r e d h e r e . Because i t i s a key i s s u e , we quote a t l e n g t h . 

The normal b u s i n e s s o f p o l i c y f o r m a t i o n i s p r o p e r l y thought o f as 
c h o i c e of shocks t o t he p o l i c y b e h a v i o r e q u a t i o n , o r e q u i v a l e n t l y as 
c h o i c e o f v a l u e s f o r p o l i c y v a r i a b l e s , o r a g a i n e q u i v a l e n t l y as 
i m p l e m e n t a t i o n o f an unchanged p o l i c y r u l e . I t i s an a n a l y t i c a l l y 
n o n t r i v i a l p r o b l e m , g i v e n t h a t t he s t r u c t u r e o f the economy i s 
s u b j e c t t o c o n t i n u a l u n c e r t a i n d r i f t and t h a t t h o s e w i t h a c t u a l 
i n f l u e n c e on p o l i c y a re engaged i n a c o m p l i c a t e d dynamic same w i t h 
many p l a y e r s . I t i s f u l l y as impo r tan t as t he p rob lem o f c h o i c e o f 
p o l i c y r a l e . Though c h o i c e o f r u l e has permanent c o n s e q u e n c e s , w h i l e 
c h o i c e o f t he c u r r e n t l e v e l o f p o l i c y v a r i a b l e s has more s h o r t - l i v e d 
c o n s e q u e n c e s , c h o i c e o f c u r r e n t l e v e l s i s r e p e a t e d ve ry o f t e n , w h i l e 
c h o i c e o f making the c h o i c e a r e t h e r e f o r e o f comparab le m a g n i t u d e . 
F i n a l l y , s t a t i s t i c a l methods p r o b a b l y have more t o c o n t r i b u t e t o 
p o l i c y c h o i c e s wh ich do not i n v o l v e r u l e c h a n g e s . T h i s may seem t o 
c o n f l i c t w i t h t he r e c e n t f l o w e r i n g o f e c o n o m e t r i c l i t e r a t u r e 
connec ted w i t h r a t i o n a l e x p e c t a t i o n s . But w h i l e c h o i c e o f p o l i c y 
r a l e r e q u i r e s s o p h i s t i c a t e d p r o b a b i l i t i e s m o d e l i n g , and w h i l e 
econome t r i c e s t i m a t i o n o f pa rame te rs s t r u c t u r a l under changes i n r a l e 
i s an i n t e l l e c t u a l c h a l l e n g e , i t remains t r u e t h a t r u l e changes mast 
be r a r e e v e n t s . To make s t a t i s t i c s y i e l d c o n c l u s i o n s o v e r a d e n s e , 
i n e v i t a b l y c o n t r o v e r s i a l s c a f f o l d o f a p r i o r i t h e o r i z i n g . S i n c e 
c h o i c e s o f shocks t o p o l i c y e q u a t i o n s have o c c u r e d ve ry o f t e n , t h e 
d a t a can be e x p e c t e d t o speak more d i r e c t l y about t h e i r c o n s e q u e n c e s . 

I n t e r e s t i n g and impo r tan t as i t may be t o deve lop methods 
f o r o p t i m a l l y c h o o s i n g p o l i c y r u l e s i n t he f a c e o f t h e Lucas 
c r i t i q u e , i t i s a m i s t a k e t o suppose t h a t t h i s s h o u l d be t h e 
e x c l u s i v e , o r even the main f ocus o f q u a n t i t a t i v e l y o r i e n t e d 
macroeconomet r i c r e s e a r c h . The norma l b u s i n e s s o f making p r o j e c t i o n s 
o f the l i k e l y e f f e c t s o f v a r i o u s c h o i c e s f o r t he pa ths o f p o l i c y 
v a r i a b l e s i s n e i t h e r i n t e r n a l l y i n c o n s i s t e n t , nor a n a l y t i c a l l y 
t r i v i a l , nor i n c o n s e q u e n t i a l . 

W i th r e s p e c t t o the money m a r k e t , we a re i n t he f o r t u n a t e c i r c u m 

s t a n c e o f h a v i n g one b i t o f e m p i r i c a l e v i d e n c e wh ich may be o f h e l p i n r e s o l 

v i n g t h i s i s s u e . In O c t o b e r 1979 t he F e d e r a l Rese rve made a change i n o p e r a 

t i n g p r o c e d u r e s wh ich a r g u a b l y was a more s t r i k i n g change than wou ld be t h e 

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

t he sys tem were not a f f e c t e d t oo much by t h a t change , then t h e r e i s good 

r e a s o n t o hope t h a t they would not be too s e n s i t i v e t o the change p roposed 
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h e r e . U n f o r t u n a t e l y , t e s t i n g f o r s t r u c t u r a l change can be a t r i c k y p r o p o 

s i t i o n . F o r examp le , i t i s o b v i o u s f rom the d a t a t h a t someth ing changed i n 

Oc tobe r 1979* The s t a n d a r d e r r o r s o f i n n o v a t i o n s i n M - l and the funds r a t e 

a r e many t imes l a r g e r a f t e r t h a t d a t e . F o r our p u r p o s e , the q u e s t i o n o f 

i n t e r e s t , however , i s whether t h e r e i s e v i d e n c e t h a t the response f u n c t i o n o f 

M - l t o a shock i n t he funds r a t e changed . On t h i s q u e s t i o n , t he e v i d e n c e i s 

c o m f o r t a b l y u n c l e a r . Based on v i s u a l i n s p e c t i o n o f the response f u n c t i o n s 

p r e s e n t e d above , and a s t a t i s t i c a l t e s t d e s c r i b e d h e r e , t h e r e i s no r e a s o n t o 

b e l i e v e t h a t the response o f money changed s i g n i f i c a n t l y when the o p e r a t i n g 

p r o c e d u r e s o f the Fed were changed . T h i s t e s t i s as f o l l o w s : o n e - s t e p - a h e a d 

f o r e c a s t s o f money were made s e p a r a t e l y based on the d a t a b e f o r e and a f t e r t h e 

change . The f o r e c a s t s were made o u t - o f - s a m p l e , i n a sense t o be made p r e c i s e 

b e l o w . I f t h e r e was a s i g n i f i c a n t change i n s t r u c t u r e , then making f o r e c a s t s 

b a s e d on u s i n g t h e f u l l sample s h o u l d l e a d t o l a r g e r e r r o r s i n bo th s u b -

s a m p l e s . In f a c t , u s i n g 12 l a g s , the f o r e c a s t s o f money i n t he f i r s t h a l f o f 

t h e sample improved o n l y m a r g i n a l l y a f t e r d r o p p i n g the second h a l f , and t h e 

f o r e c a s t s i n the second h a l f a c t u a l l y improved u s i n g e s t i m a t e s based on t h e 

f u l l sample . U s i n g two l a g s , the f o r e c a s t s based on the f u l l sample were 

b e t t e r i n each subsample than the f o r e c a s t s based on the subsample a l o n e . The 

o u t - o f - s a m p l e na tu re o f the t e s t i s t h a t f o r each p e r i o d , the f o r e c a s t o f 

money f o r t h a t p e r i o d i s based on an e s t i m a t o r u s i n g a l l o b s e r v a t i o n s i n t h e 

r e l e v a n t sample except t h a t p e r i o d ' s o b s e r v a t i o n . The reason f o r t h i s p r o c e 

dure i s t h a t i f t he t e s t i s done i n - s a m p l e , t hen the subsample e s t i m a t e s must 

f i t b e t t e r . One v e r s i o n o f the s t a n d a r d Chow t e s t f o r s t r u c t u r a l s t a b i l i t y i s 

based on the a s y m p t o t i c d i s t r i b u t i o n o f the s i z e o f t h i s i n - s a m p l e i m p r o v e 

ment. S e e , f o r example , Sims (1980). A s y m p t o t i c a l l y , our t e s t w i l l have the 

same d i s t r i b u t i o n . The f a c t t h a t t h e r e i s l i t t l e o r no improvement i n t he two 

subsamples means t h a t the change i n s t r u c t u r e , i f i t o c c u r r e d a t a l l , was not 

l a r g e . 
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P r e d i c t i o n E r r o r 
Based on Subsample 

P e r i o d 

( E s t i m a t e d U s i n g 2 Lags ) 

76,13 t o 79,^0 
80,1 t o 82,12 

( E s t i m a t e d U s i n g 12 Lags] 

76,13 t o 79,^0 
80,1 t o 82,12 

TABLE 4 
S t a b i l i t y Tes t R e s u l t s 

P r e d i c t i o n E r r o r 
Based on F u l l Sample 

( B i l l i o n s ) 

•53UT3 
1,65326 

.59865 
1.73695 

( B i l l i o n s ] 

.57186 
1.6H932 

.60660 
I.60863 

An i m p o r t a n t e lement i n any argument o f why the response o f money t o 

the funds r a t e wou ld not be l i k e l y t o change under a change i n o p e r a t i n g 

p r o c e d u r e s s h o u l d be based on an u n d e r s t a n d i n g o f t h a t r e s p o n s e . Banks p l a y a 

key r o l e i n the r e a c t i o n o f money t o changes i n t h e funds r a t e . That r o l e i s 

d e s c r i b e d i n a r e c e n t p a p e r , "A C r i t i q u e o f t he F e d e r a l R e s e r v e ' s New 

O p e r a t i n g P r o c e d u r e " by Rober t D. L a u r e n t o f t he F e d e r a l Rese rve Bank o f 

C h i c a g o . 

The money supp l y p r o c e s s i s t he means by wh i ch the monetary a u t h o r i t y 
a f f e c t s the p u r c h a s e and s a l e o f a s s e t s by banks and t h e r e b y t h e c r e a t i o n 
and d e s t r u c t i o n o f d e p o s i t s . I t may be though t o f as a t w o - s t e p 
p r o c e s s . The f i r s t s t e p i s t he a c t i o n o f t h e F e d . The second s tep i s t h e 
r e a c t i o n o f the banks t o the F e d ' s a c t i o n s . The l i n c h p i n o f the money 
s u p p l y p r o c e s s i s t he f e d e r a l funds marke t . 'The f e d e r a l funds market b o t h 
r e s i s t e r s t he a c t i o n s o f the Fed by s e t t i n g the p r i c e o f r e s e r v e c r e d i t 
and t r a n s m i t s i t s i n f l u e n c e t o eve ry bank . The i n d i v i d u a l b a n k ' s r e s p o n s e 
i n terms o f b u y i n g a s s e t s f r om , o r s e l l i n g a s s e t s t o t he p u b l i c i s what 
de te rm ines the change i n d e p o s i t s and money. To the i n d i v i d u a l bank , i t 
i s the f e d e r a l funds r a t e and not r e s e r v e s wh ich de te rm ines how i t changes 
i t s a s s e t h o l d i n g s and i t s impact on t h e agg rega te l e v e l o f d e p o s i t s . The 
i n d i v i d u a l bank n e i t h e r knows nor c a r e s about the agg rega te l e v e l o f 
r e s e r v e s i n the b a n k i n g s y s t e m . I n d e e d , i t can be a rgued t h a t even i t s 
own l e v e l o f r e s e r v e s does not de te rm ine whether a bank buys o r s e l l s 
a s s e t s , c r e a t i n g o r d e s t r o y i n g d e p o s i t s . Of c o u r s e , a bank must have 
enough r e s e r v e s t o meet r e s e r v e r e q u i r e m e n t s , but i t can a lways o b t a i n o r 
d i s p o s e o f r e s e r v e s i n t he f e d e r a l funds marke t . F o r examp le , even a bank 
d e f i c i e n t i n r e s e r v e s might s t i l l make l o a n s and t h e r e b y i n c r e a s e d e p o s i t s 
i f the r a t e on l o a n s were h i g h r e l a t i v e t o the f e d e r a l funds r a t e . I t 
would o f f s e t i t s l o s s o f r e s e r v e s r e s u l t i n g f rom the i n c r e a s e i n l o a n s by 
b u y i n g even more funds than o t h e r w i s e i n the f e d e r a l funds m a r k e t . The 
b a n k ' s response depends e n t i r e l y upon what appears p r o f i t a b l e , not upon 
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the c i r c u m s t a n c e s o f t he h a n k ' s r e s e r v e p o s i t i o n . The e f f e c t o f t h e 
f e d e r a l funds r a t e on i n d i v i d u a l banks and t h e agg rega te l e v e l o f d e p o s i t s 
i s c l e a r . O ther t h i n g s e q u a l , t h e h i g h e r ( l o v e r ) t h e f e d e r a l funds r a t e , 
t h e l o v e r ( h i g h e r ) w i l l be t h e l e v e l o f d e p o s i t s . To an i n d i v i d u a l bank , 
t he f e d e r a l funds market can be e i t h e r a s o u r c e o f , o r an o u t l e t f o r , 
f u n d s . A bank compares t h e f e d e r a l funds r a t e t o t he r a t e s on a s s e t s 
a v a i l a b l e f rom the p u b l i c . The l o w e r the f e d e r a l funds r a t e , the more 
a t t r a c t i v e t h e s e o t h e r a s s e t s l o o k . W i t h a low f e d e r a l funds r a t e , banks 
respond by i n c r e a s i n g t h e i r h o l d i n g s o f a s s e t s o b t a i n e d f rom the p u b l i c , 
c r e a t i n g d e p o s i t s and c o v e r i n g any r e s e r v e l o s s e s w i t h f e d e r a l funds 
p u r c h a s e s . C o n v e r s e l y , a h i g h f e d e r a l funds r a t e means t h a t banks w i l l 
reduce t h e i r h o l d i n g s o f a s s e t s o b t a i n e d f rom t h e p u b l i c , d e s t r o y i n g 
d e p o s i t s , and t a k e the r e s e r v e s a c q u i r e d and s e l l them i n the f e d e r a l 
funds m a r k e t . . . . A bank a c t u a l l y compares ( a f t e r a d j u s t i n g f o r r i s k d i f f e r 
e n t i a l and t r a n s a c t i o n c o s t s ) the r a t e on an a s s e t o f a g i v e n m a t u r i t y 
w i t h the expec ted r a t e on one day f e d e r a l funds r o l l e d ove r f o r t he same 
m a t u r i t y . Thus , e q u i l i b r i u m i s not n e c e s s a r i l y where the r a t e on bank 
a s s e s t equa ls t he f e d e r a l funds r a t e . P o l i c y a f f e c t s the money s t o c k 
t h rough the impact o f the c u r r e n t f e d e r a l funds r a t e on e x p e c t e d f u t u r e 
f e d e r a l funds r a t e s . The g r e a t e r i s t he impact o f a movement i n t h e 
c u r r e n t f e d e r a l funds r a t e on e x p e c t e d f u t u r e funds r a t e s , the g r e a t e r i s 
t h e impact on money. 

I f t h i s u n d e r s t a n d i n g o f the response i s c o r r e c t , t hen money s h o u l d 

c o n t i n u e t o r e a c t i n e s s e n t i a l l y the same way i t has i n t he p a s t i n r e s p o n s e 

t o a g i v e n movement i n t he funds r a t e . I f any d i f f e r e n c e can be e x p e c t e d , i t 

i s l i k e l y t o be t h a t t he response w i l l become l a r g e r and q u i c k e r because g i v e n 

movements i n t h e funds r a t e w i l l c a r r y more i n f o r m a t i o n about f u t u r e movements 

i n the funds r a t e than a t p r e s e n t , p a r t i c u l a r l y i f p e o p l e u n d e r s t a n d and 

b e l i e v e t he F e d ' s l i n e a r feedback r i l e . Such a change i n s t r u c t u r e wou ld have 

the b e n e f i c i a l e f f e c t o f c a u s i n g t he t r a d e o f f cu rves d e f i n e d above t o s h i f t 

down and toward t he l e f t . To make t h i s argument p r e c i s e wou ld r e q u i r e a model 

o f the e q u i l i b r i u m s t r u c t u r e wh i ch would r e s u l t f rom i n t e r a c t i o n o f a Fed 

p o l i c y r u l e o f the s o r t s u g g e s t e d here and b a n k s ' o p t i m i z i n g b e h a v i o r s u b j e c t 

t o some c o s t s o f a d j u s t m e n t . Such an i n v e s t i g a t i o n wou ld appear t o be a good 

t o p i c f o r f u t u r e r e s e a r c h . 
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CONCLUSION 

T h i s a p p l i c a t i o n o f o p t i m a l c o n t r o l t h e o r y and t ime s e r i e s a n a l y s i s 

has i d e n t i f i e d an impo r tan t t r a d e o f f between degrees o f s h o r t - r u n monetary 

c o n t r o l and i n t e r e s t r a t e v o l a t i l i t y . Two p r i n c i p a l c o n c l u s i o n s emerge: 

1) A p p l i c a t i o n o f o p t i m a l c o n t r o l t h e o r y would l i k e l y improve F e d e r a l 

R e s e r v e o p e r a t i n g p r o c e d u r e s , and 

2) I n t e r e s t r a t e v o l a t i l i t y can be reduced c o n s i d e r a b l y f rom c u r r e n t 

l e v e l s w i t h o u t a d v e r s e l y a f f e c t i n g t h e degree o f monetary c o n t r o l 

a c h i e v e d . 
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