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Abst rac t  The s t a b i l i z a t i o n   t r a d e - o f f  between 
i n f l a t i o n  and  unemployment i s  i n v e s t i g a t e d   i n  a 
continuous  time  growth  model  where  disequi- 
l ibr ium  can  occur   in   the  labor   market .  The em- 
phasis   of   the   paper  i s  on the   po l icy   impl ica t ions  
of   ra t iona l   expec ta t ions ,  as a n   a l t e r n a t i v e   t o  
adapt ive   expec ta t ions .  The r a t iona l   expec ta t ions  
approach i s  u s e f u l   i n   d e s c r i b i n g   t h e  way i n  which 
a p a r t i c u l a r   p o l i c y   p l a n  a l ters  economic  agents' 
expec ta t ions   o f   fu tu re   i n f l a t ion   r a t e s .  It is 
shown t h a t  i t  i s  not   possible   to   achieve  an un- 
employment r a t e  which is d e t e r m i n i s t i c a l l y   d i f -  
f e r e n t  from the   equ i l ib r ium  r a t e ,  when economic 
agents  form expec ta t ions   r a t iona l ly .  

1. In t roduct ion  

t i o n  and unemployment crucially  depends  on how 
expec ta t ions   o f   fu tu re   i n f l a t ion   r a t e s   a r e  formed. 
I f   e x p e c t a t i o n s  are accura te   p red ic tors   o f   fu-  
t u r e   i n f l a t i o n   r a t e s ,  unemployment can  be  a l tered 
on ly   s l i gh t ly  from its equi l ibr ium  value.  On the  
o t h e r  hand i f   e x p e c t a t i o n s  are s lugg i sh ,   s ign i f -  
i can t   depa r tu re s  from equi l ibr ium employment can 
be  achieved.  Moreover,   the  constraint  imposed 
by the  formation  of  expectations  determines  the 
optimal  dynamic  mix  between unemployment and i n -  
f l a t ion   ove r  time. This paper i l lust rates  some 
of   these   i s sues  by examining  the  policy impli- 
ca t ions   o f   r a t iona l   i n f l a t iona ry   expec ta t ions  - 
expec ta t ions  which are opt imal   predictors   of   fu-  
t u r e   i n f l a t i o n s   r a t e s  - i n  a continuous time 
growth  model. 

such  an  investigation  has  been  developed by 
Phelps  (1967),  where a judicious  choice  of   as-  
sumptions  allows one t o   a b s t r a c t  from many of  the 
usua l   s t ab i l i za t ion   p rob lems   i n   o rde r   t o   focus  on 
t h e   i n f l a t i o n  - unemployment t r a d e - o f f   i t s e l f .  
The economy is  charac te r ized  by  an  aggregate  pro- 
duc t ion   func t ion  which is homogeneous i n   c a p i t a l  
and  augmented  employment, a constant  propor- 
t iona te   ra te   o f   g rowth   of   the  augmented l a b o r  
supply, and a monetary  authority  which  f lawlcss- 
l y   c o n t r o l s   p r i v a t e   i n v e s t m e n t   t o   i n s u r e   t h a t   t h e  
c a p i t a l   s t o c k  grows a t   t h e  same exponen t i a l   r a t e  
as augmented labor .  Under these  assumptions  the 
r a t i o   o f  augmented employment t o   c a p i t a l  - t h e  
u t i l i z a t i o n  e, u - measures   the   u t i l i za t ion  
of   the   l abor   supply   in   p roduct ive  employment. 

The economic  policy  trade-off  between  infla- 

An appropriate   prel iminary framework f o r  

The f i s c a l   a u t h o r i t i e s   a r e  assumed t o  be ab le   t o  
r e g u l a t e   t h e   u t i l i z a t i o n   r a t i o  by a f f e c t i n g  ag- 
gregate  demand v i a  tu pol icy .  

The r e l a t i o n s h i p  between i n f l a t i o n  and the 
u t i l i z a t i o n   r a t i o  is assumed t o  be a s h i f t i n g  
P h i l l i p s  Curve, 

(1)  n = f ( u )  + n , f l ( u ) >  0 ,  f (ue)  = 0,  
* 

where n and n a re   t he   ac tua l  and  expected  rates 
o f   i n f l a t i o n   r e s p e c t i v e l y ,  and  where u i s  the  
e q u i l i b r i u m   u t i l i z a t i o n   r a t i o .  Thus dfseoui l ib-  
rium i n   t h i s  growing economy is permit ted  to   oc-  
cur  only  with some e f f e c t  on i n f l a t i o n .  

Assuming an   ins tan taneous   ra te   o f   soc ia l  
u t i l i t y  U(n*,u), t he   t a sk   o f   t he   f i s ca l   au tho r i ty  
can be  described  as:  choose a p a t h   u ( t ) ,   ( b y   i n -  
f luencing  aggregate demand) so as t o  maximize 

* 

W 

(2) w = r FtU(n*,u)dt  , 
d 

0 
subjec t  to*u(O) = uo and  an addi t iona l   cons t ra in t  
r e l a t i n g  TI t o   u .  

The form  of   the  addi t ional   constraint   in  
t h i s   op t ima l   con t ro l  problem is determined by the 
way i n  which t h e   p u b l i c  forms  expectations  about 
fu tu re   i n f l a t ion .   I f   t hese   expec ta t ions   a r e  
adap t ive ,   t ha t  i s ,  i f  

where D = d/dt ,   then by s u b s t i t u t i n g   ( 1 )   i n t o  (3)  
we o b t a i n  

( 4 )  Dl?* - arf(u). 

Equation ( 4 )  is the   add i t iona l   cons t r a in t   fo r   t he  
optimization  problem, which  can now be  solved  to  
o b t a i n  an opt imal   pa th   u ( t ) .  

Bu tL   i n   t he   f ace   o f  a systematic  employment 
p o l i c y   u ( t ) ,  is it l i k e l y   ( a n d   t h i s  is where the  
expectation  assumption becomes important)   that  
t he   pub l i c  would con t inue   t o  form i ts  cxpesta-  
t i o n s  on t h e   b a s i s   o f  (3)  ? I f   t h e   p l a n   u ( t )  
were made  known to   t he   pub l i c ,   t hen   t he  answer i s  
c l e a r l y  no. However even i f   t h e   p l a n  were  not 
widely known, over  a period  of   t ime  the  publ ic  
would b e g i n   t o  ace that   expectat ions  based  on (3) 
were biased and  modify  the  adaptive schem2. 
(They would no t   no t i ce  a b i a s   i n  (3)  i f   u ( t )  
f o l l o w s   t h e   s f o c h a s t i c   p r o c e s s   d e f i n e d   i n   S e c t i o n  
3; bu t   t hen   u ( t )   wu ld   no t   be   t he   so lu t ion   o f  (2)) 
Therefore ,   the   so lu t ion   to   the   s tab i l i ra t ion   p rob-  
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lem based on (3 )  e i t h e r   a p p l i e s   t o   t h e   v e r y   s h o r t  
r u n ,   o r  it assumes t h a t   t h e  economic  agents i n  
the economy do  not  learn by their   mistakes.   For  
this   reason  a l ternat ive  assumptions  about   expect-  
a t ions   a r e   i nves t iga t ed   i n   t h i s   pape r .  

2 .  Rational   Expectat ions 
Under t h e   a s s u w t i o n   o f   r a t i o n a l   e m e c t a -  

t ions ,   [ see   Muth( l96i ) ] ,   the   expec ted   ra te   o f   in -  
f l a t i o n  is  se t   equa l   t o   t he   op t ima l   p red ic to r   o f  
t h e   f u t u r e   i n f l a t i o n   r a t e .   I f   t h e   c r i t e r i o n  of 
p r e d i c t i o n  i s  minimum  mean square   p red ic t ion  er- 
ro r ,   t hen   t he   expec ted   r a t e   o f   i n f l a t ion   a t   t ime  
t ,  given  information  unt i l  time to, i s  the  con- 
d i t i ona l   expec ta t ion   o f   n ( t )   g iven   t h i s   i n fo rm-  
a t i o n .   I f  we l e t   I ( t o )   r ep resen t   t he   i n fo rma t ion  
a v a i l a b l e   a t  time to, then we have 

( 5 )  n*(t I t o )  = E[n(t)  I I ( t o ) l  

where E i s  the   expec ta t ion   opera tor .   S ince   in  
t h i s  model the  government employment p o l i c y   u ( t )  
i s  the   on ly   observable   var iab le  upon which n ( t )  
depends, w must  specify  what  the  public i s  as- 
sumed t o  know abou t   u ( t )  and how u ( t )   a f f e c t s  
n ( t ) .  

i n  te rms   of   the   shor t   run   Phi l l ips   curve   ( i . e .  
n* = 0) .  Suppose t h a t   t h e   f i s c a l   a u t h o r i t y  sets 
aggregate demand i n   p e r i o d  t in   o rde r   t o   ach ieve  
t h e   u t i l i z a t i o n   r a t i o   u s ( t ) ,  when n* = 0. Then 
u , ( t )   de te rmines   n ( t )  by 

For   this   purpose it i s  convenient t o   t h i n k  

( 6 )  n ( t )  = f(.,(t>). 

Bowever, u,(t) w i l l  not  in  general   be  achieved 
because TI* wi l l   no t   be   equa l   t o   ze ro .   In s t ead ,  
we have  that  

so t h a t   t h e   a c t u a l  level o f   u ( t )  w i l l  be  determ- 
ined  by 

(8) f ( u s ( t ) )  = f ( u ( t ) )  + n*(t  It,) 

Since  us(t)   determines n(t) e x a c t l y ,  i t  only re- 
mains t o   s p e c i f y  how  much o f   t he  series u,( t )   the  
p u b l i c  i s  pe rmi t t ed   t o  see a t  time to; t h a t  is, 
h a t  cons t i t u t e s   t he   ava i l ab le   i n fo rma t ion   I ( to )?  

F i r s t   c o n s i d e r   t h e  case o f   p e r f e c t   f o r e s i g h t  
where   t he   f i s ca l   au tho r i t i e s  announce the   p l an  
uS(tIJr  o 5 t < m. Then I(tO) = {u, ( t ) ;  o 5 t <m} 
and n ( t  It0) = n ( t )  so t h a t  by equat ion (8), u ( t )  
= u e ( t )   f o r  a l l  t .  Therefore, when the   pub l i c  i s  
aware o f   t h e   c o n t r o l   s t r a t e g y ,   t h e   f i s c a l   a u t h o r -  
i t i e s  cannot  achieve  an unemployment rate t h a t  
d i f f e r s  from the   equ i l ib r ium  l eve l .   Th i s   o f  
course is the   on ly   poss ib l e   r e su l t   w i th   r a t iona l  
expectat ions  under   cer ta inty.  

Bu t   t he   pe r f ec t   fo re s igh t  case i s  extreme: 
even i f   t h e   f i s c a l   a u t h o r i t i e s   d i d  announce t h e  
p l a n ,   v a r i o u s   u n c e r t a i n t i e s   i n   t h e  economy would 
cause a divergence  betveen TI and n*. To e r m i n e  
t h e s e   p o s s i b i l i t i e s  le t  u8 assume for   the  rcmain-  
de r   o f   t h i s   pape r   t ha t  u ( t )  and thus  n(t) are 
continuous time 8tochas t fc   p rocesses  which are ob- 
s e r v a b l e   f o r  an t  < to, then   I ( to )   = fu , ( t ) :  t < 
to1 . 

Note tha t   t h i s   does   no t   necessa r i ly  mean t h a t   t h e  
fiscal au tho r i t i e s   a r e   fo l lowing  a randomized 
s t ra tegy  ( though  they may very  wel l   be) ;   u , ( t )  
could be random because   o f   uncer ta in t ies   in   the  
e f fec t   o f   aggrega te  demand on unemployment o r  
simply  because  of  observation  errors.  

I n   t h i s   s t o c h a s t i c  fr'amwork, knowledge  of a 
pol icy   p lan   u , ( t )  i s  taken   to  mean knowledge of  
t he   s t ruc tu re   unde r ly ing   t he   s tochas t i c   p rocess .  
This  knowledge m a y  be   ob ta ined   e i ther  by learn ing  
over time or  through announcement by t h e   f i s c a l  
a u t h o r i t i e s .  

It was shown above t h a t ,  if a d e t e r m i n i s t i c  
p o l i c y  is announced,   then  the  f iscal   authori ty  
cannot alter t h e   e q u i l i b r i u m   r a t e   I n   t h i s  sto- 
c h a s t i c   s e t t i n g  we can  ask  whether   there   exis ts  
a randomized  policy,   which  pernits  the  f iscal  au- 
t h o r i t y   t o   a c h i e v e  an employment rate determin- 
is tic all^ d i f f e r e n t  from equi l ibr ium, when the  
p r o b a b a l i s t i c   s t r u c t u r e   o f   t h e  randomized p o l i c y  
is announced. I f  so, then a s tochas t ic   op t imal  
control  problem similar to  (2)  could  be  formula- 
ted   wi th   the   cons t ra in t   g iven  by ra t iona l   expec t -  
a t ions .   In   the   fo l lowing   sec t ion  we show t h a t  no 
such  randomization is poss ib le .  

3.  Policy  Implicat ions 
Before  considering UI a r b i t r a r y   p o l i c y  and 

t h e   r e s u l t i n g   r a t i o n a l   e x p e c t i o n s ,  l e t  us  ask un- 
der  what condi t ions   the   adapt ive   expec ta t ions   o f  
(3)  w i l l  be   r a t iona l .  A similar question  though 
n o t   r e l a t i n g   t o  economic pol icy  was posed by 
Muth(1961) i n   t h e   d i s c r e t e  time case .   In   the  
continuous time case  the reshlts are  analagous.  
The adapt ive  expectat ion  equat ion (3)  can  be 
w r i t t e n  as t 

n ( t )  = cy I e'us n ( t - s ) d s .  
* 

0 
By equat ion (6)  any pol icy   p lan   us ( t )   can   be  

expressed  in   terms  of   the rate of   in f la t ion   r r ( t ) :  
i n  terms  of a s tochas t i c   po l i cy  u ( t )  we can 
equiva len t ly  work i n  terms  of a s tochas t i c   po l i cy  
n ( t ) .  

Suppose t h a t   t h e   s t o c h a s t i c   p o l i c y   n ( t )   c a n  
be  represented by t h e   l i n e a r   f i l t e r  

( 1 0 )   n ( t )  5 O(t) + E(S)S(t-s)dS, a 
where e ( t )  i s  an  orthogonal  process  with  E[s(t)] 
= 0 .  Then 

(11)   n ( t )   O( t> tS   B(s )c( t - s )dn+l   8 (s )B( t - s )d8  

and the minimum  mean square   p red ic tor   o f   n ( t )  
based  on  information  available at  time t, is 

t- to 

0 t- to 

m 

" * 
(12) n ( t i t o )  = 7 ? ( s ) e ( t - s ) d s ,  

and  the  instantaneousOpredictor   corresponding  to  
t- t 

(9) i s  

(13)   n*(t l t - )  R n*(t) = B(s)e( t -s)ds .  

In   o rder   to   de te rmine  how ( b )  compares  with ( 9 )  
we must write n*(t) i n  t e n d  o f   p a s t   n ( t ) ,   t h a t  
is f ind  the  weights  a(s) i n  
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(14)   n*(t)  = 7 u ( s ) n ( t - s ) d s .  

Subs t i tu t ing   (10)   in to   (14)  we have 

(15)  n*(t)  = r[cr(s)+ Q'(s-x)B(x)dx]s(t-s)ds, 

which upon comparison  with  (13)  implies  that  

d 
m 

0 i 
(16) B(s)  = Q(s)+] cr(s-x)B(x)dx, 

from  which we can  determine P ( - )  given a ( * ) .  

r a t i o n a l   e x p e c t a t i o n s  we s u b s t i t u t e  cr(s)=cre-us 
i n to   (16 )   t o   ob ta in  

0 

To determine  the  funct ion e ( * )  which implies  

A so lu t ion   t o   (17 )  i s  P(s)=a f o r  a l l  s. Thus, a 0 

s t o c h a s t i c   p o l i c y  which impl ies   tha t   adapt ive  
expec ta t ions   a r e   r a t iona l  i s  given by 

( 1 8 )   n ( t )  s(t)+a  c(t-s)dS. i 
0 

I f   t h e   f i s c a l   a u t h o r i t i e s   i n v o k e   t h i s   p o l i c y , a n -  
nouncing a, t hen   t he   pub l i c   w i l l  behave r a t i o n a l -  
l y  by forming  expectat ions  according  to   the a- 
dapt ive  mechanism i n  ( 3 ) .  Of cour se ,   i f   such  a 
pol icy  i s  adhered  to,  it is n o t   p o s s i b l e   t o  form- 
ulate   an  opt imal   control   problem  l ike  (2)   even 
though t h e   c o n s t r a i n t  (4) w i l l   r e m a i n   i n   e f f e c t .  
With the   pu re ly  random policy  of  (18),   the  de- 
v i a t ion   o f  unemployment from i t s  equi l ibr ium  val-  
ue i s  pure ly  random as  determined by e ( t ) .  

ca l   au tho r i ty   engag ing   i n  a more s o p h i s t i c a t e d  
randomized s t ra tegy   than  one  which i s  purely  ran-  
dom. Perhaps by superimposing a randomized com- 
ponent upon a d e t e r m i n i s t i c  component, i t  -is pos- 
s ib le   to   ach ieve   an  unemployment r a t e  which i s  
d e t e r m i n i s t i c a l l y   d i f f e r e n t  from the   equi l ibr ium 
leve l ,   even  when expec ta t ions   a r e   r a t iona l .   Fo r  
example, a long  range  plan  for  controll ing  ag- 
grega te  demand could  be  modified by random e l e -  
ment which e i t h e r   a d d s   o r   s u b t r a c t s  a f ixed   o r  
v a r i a b l e   m o u n t   t o   t h e   d e t e r m i n i s t i c   l e v e l .  

p robaba l i s t i c   s t ruc tu re   beh ind   t he  randomized 
component o f   t h i s   p l an  are known t o   t h e   p u b l i c ,  
then,  under  the  assumptions  of  this model with 
r a t i o n a l   e x p e c t a t i o n s ,  one  can show t h a t  it i s  
impossible  to  achieve a d e t e r m i n i s t i c   d i f f e r e n c e  
between unemployment and i t s  equi l ibr ium  leve l .  
Let the   po l icy   be  

We now c o n s i d e r   t h e   f e a s i b i l i t y   o f   t h e   f i s -  

I f   b o t h   t h e   d e t e r m i n i s t i c  component and the  

where n d ( t )  i s  t h e   d e t e r m i n i s t i c  component and 
r ( t )   t h e   s t o c h a s t i c  component,  which wi thou t   l o s s  
o f   gene ra l i t y  is assumed t o  have  zero mean. Then 
under   ra t iona l   expec ta t ions  

(20)   n*( t )   nd( t ) ,  

and  from (1)  we have   tha t  

(21 )   f (u ( t ) )  = r ( t ) .  

Therefore   the   devia t ion   of   u ( t )  from ue is pure ly  
random: no de te rmin i s t i c   i n f luence  on  unemploy- 
ment can  be  achieved. 

Described i n   t h e s e  terms the  conclusion i s  
r a the r   s t r a igh t fo rward ,   bu t   t he   c ruc ia l  assump- 
t ions  behind i t  should  be  emphasized.  These  as- 
sumptions  are  (1) a s h i f t i n g   P h i l l i p s  C u r v e  with 
an  equilibrium  level  of unemployment, ( 2 )   r a t i o n -  
a l  expec ta t ions ,  and (3) a randomized f i s c a l  
s t r a t e g y ,  which  can  be  stated  in  terms  of  the 
a c t u a l   r a t e   o f   i n f l a t i o n ,  and  which i s  announced 
t o   t h e   p u b l i c .   I f  any  of  these  assumptions  are 
dropped  then  the  above  conclusion  will no longer  
hold.  

It  seems t h a t  a remedy t o   t h i s   r a t h e r   p e s s -  
imis t ic   po l icy   cons lus ion   could   mos t   rea l i s t ic -  
a l l y  come from a r e l axa t ion   o f   t he   t h i rd  assump- 
t i on   r ega rd ing   t he  announcement  of  policy.  For 
example, i f   d e t e r m i n i s t i c   s h i f t s   i n   p o l i c y  were 
unannounced,  then,  during  the  period  in which the 
publ ic  i s  l ea rn ing   abou t   t he   sh i f t ,   t he   f i s ca l  
authority  could  achieve a de t e rmin i s t i c   dev ia t ion  
between  actual and expec ted   fu tu re   i n f l a t ion  
r a t e s .  By a careful  choice  of  policy  changes 
th i s   l earn ing   per iod   might   be  made a r b i t r a r i l y  
long B u t  a more p r e c i s e   a n a l y s i s  of  such a 
scenar io  would require   model ing  the  learning  be-  
havior  of economic  agents, a complication beyond 
the  scope  of   the  present   paper .  An i n t e r e s t i n g  
cha rac t e r i s t i c   o f   such  a pol icy  i s  the  advocation 
o f   s ec recy   i n  government  planning,  contrary  to 
t he   bas i c   a s sumpt ion   o f   t h i s   pape r   t ha t   f i s ca l  
p lans  be f u l l y   d i s c l o s e d   t o   t h e   p u b l i c .  

4 Concluding Remarks 
In  conclusion i t  might   be   usefu l   to   b r ie f ly  

p o i n t   o u t   t h e   r e l a t i o n  between t h i s   p a p e r  and 
o t h e r  works i n   t h e   f i e l d   o f   r a t i o n a l   e x p e c t a t i o n s  
and s t a b i l i z a t i o n   p o l i c y .  The seminal  paper  on 
r a t iona l   expec ta t ions  by Muth(l961)  has  already 
been  mentioned. Among the  numerous papers  which 
use  this   technique are Lucas and Prescot t ( l971)  
who cons ider   the   equi l ibr ium  of  many agents  with 
r a t iona l   expec ta t ions  and  Sargent  and  Wallace 
(1972) who examine  the  effect   on  hyperinf la t ions 

Lucas(1973)  considers some of   the  pol icy 
impl i ca t ions   o f   r a t iona l   expec ta t ions   i n   ca ses  
where pol icy  has   effect   even  though i t  i s  optim- 
a l l y   p r e d i c t e d .   I n   o n e   s u c h  case mentioned by 
Lucas,   ( the case of   inves tment   t ax   c red i t   po l icy  
Kydland  and Prescott  (1973)  examine a new ap- 
p r o a c h   t o   s t a b i l i z a t i o n   i n  which there  i s  an e- 
quilibrium  between  the  policy maker , who m a x i -  
mize a s o c i a l   u t i l i t y   f u n c t i o n ,  and f i rms,  who 
maximize p ro f i t s   unde r   r a t iona l   expec ta t ions   w i th  
knowledge  of  the  policy  plan. The t a x   c r e d i t  
po l icy  i s  ab le   to   ach ieve   changes   in   ou tput   in  
these  models. 

C lose r   t o   t he   po l i cy   imp l i ca t ions   o f   t h i s  
paper i s  the  study by Sargcnt( l973) .  The s h o r t -  
run  macroeconanic model of t h a t  paper is more 
d isaggrega ted   than   th i s  and separately  examines 
t h e   e f f e c t   o f   f i s c a l  and  monetary  policies which 
are of   the   l inear   feedback  type. In  such a model 
Sargent shows that   monetary  and  f iscal   pol icy 
cannot   a f fec t   ou tput .  

d i s c r e t e  time as was t h e   o r i g i n a l   d e r i v a t i o n   o f  
A l l  of t h e  above  models are formula ted   in  
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rational  expectations.  By  focusing  on  a  single 
disequilibrium  equation  (the  shifting  Phillips 
curve)  and by dealing  in  continuous  time,  this 
paper  clearly  reveals  the  reasons  for  the  inef- 
fectiveness  of  policy on unemployment in  a  model 
with  rational  expectations. 
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