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DESIGNING MONETARY POLICY UNDER RATIONAL EXPECTATIONS: 

ANALYSIS AND PRACTICAL IMPLICATIONS 

Thi s paper describes and attempts t o  general i z e  the  p r a c t i c a l  imp1 i ca- 

t i o n s  f o r  the design o f  monetary p o l i c y  o f  some o f  the most popular macro- 

economic models i nco rpo ra t i ng  r a t i o n a l  expectat ions. Perhaps the most impor- 

t a n t  o f  these imp l i ca t i ons  i s  a s h i f t  i n  the focus o f  p o l i c y  f rom output  o r  

i n te res t- ra te  s t a b i l i z a t i o n  toward pr ice- leve l  s t a b i l i z a t i o n .  

The r a t i o n a l  expectat ions assumption r u l e s  o u t  systematic expectat ional  

e r ro rs .  The assumption proved necessary t o  ensure consistency o f  models w i t h  

the natura l  r a t e  property- - that  the  average l e v e l  o f  ou tput  i s  i n v a r i a n t  w i t h  

respect  t o  monetary p o l i c y  and o ther  monetary phenomena. I n t r o d u c t i o n  o f  

r a t i o n a l  expectat ions over turns  the case f o r  conventional coun te rcyc l i ca l  

p o l i c i e s .  

New macroeconomic model s, which combine r a t i o n a l  expectat ions w i t h  

e l  t h e r  incomplete in format ion  o r  nominal contracts,  o f f e r  a seemingly u n i n t e l-  

l i g i b l e  v a r i e t y  o f  r e s u l t s  and impl ica t ions  f o r  p o l i c y .  The purpose o f  t h i s  

paper i s  t o  describe the ways i n  which r a t i o n a l  expectat ions fundamental ly 

change monetary p o l i c y  ana lys i s  and t o  attempt t o  genera l ize  the  imp l i ca t i ons  

o f  such analys is .  To do so e f f e c t i v e l y ,  some ca re fu l  development of mathe- 

mat ica l  concepts i s  indispensable. For example, i n  r a t i o n a l  expectat ions 

model s, expectat ions are forward- looki  ng r a t h e r  than backward-looki ng. There- 

fo re ,  p o l i c y  must be spec i f i ed  as a cont ingent  r u l e  o f  behavior; t h a t  i s ,  an 

equat ion r e l a t i n g  instruments t o  observed outcomes. 

I n  prac t ice ,  the  a n a l y t i c a l  problems o f  f i n d i n g  the  opt imal  p o l i c y  r u l e  

are v i r t u a l l y  insurmountable except i n  s i m p l i f i e d  cases. The dimensions of 
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the models or the range of pol icy rules considered must be severely reduced in 

some arbitrary way to obtain results. To place various results in perspec- 

tive, it is essential that the significance of particular simp1 ifying assump- 

tions be understood. Otherwise, interpretations are insecure, ambiguous, and 

seemingly contradictory. In principle, such problems exist in any class of 

models, but the dynamics of rational expectations models pose new and i 1 l -  

understood analytical problems. A willingness to grapple with some tricky 

analytical difficulties is essential to the practical application of rational 

expectations models to policy analysis. 

The analytical problems may in part account for the continued popularity 

of pre- rat ional- expectat ions IS-LM models. These are the source of persis- 

tently popular notions concerning policy and form the basis of much empirical 

work, including the large-scale macroeconometric models. In these models, a 

reasonably well-defined policy can improve welfare by stabilizing aggregate 

demand. Under thi s conventional countercyclical pol icy, the money stock 

depends upon the last observations of the (currently unknown) state of the 

economy. A1 so, under plausible assumptions about parameters and relative 

disturbance variances, the money stock should respond positively to the 

(currently known) interest rate. These IS-LM models had serious problems, 

symptomatic of which was inconsistency with the natural rate property, that 

could be corrected only by introducing rational expectations. 

Sargent and Wallace (1975) introduced rational expectations into an 

otherwise conventional IS-LM model. The main result was that, once policy 

effects operating through systematic expectational errors were ruled out, 

money supply responses to the state of the economy were of no consequence for 

output behavior. Nevertheless, positive money stock responses to the current 

interest rate could still be helpful, as in the pre- ra t iona l- expec ta t ions  
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IS-LM model. But  an " i n t e r e s t  r a t e  r u l e , "  or money supply  p o l  i c y  t h a t  makes 

t h e  money s tock  i n f i n i t e l y  e l a s t i c  w i t h  r espec t  t o  t he  i n t e r e s t  r a t e ,  would 

leave t h e  p r i c e  l e v e l  and t h e  money s tock  inde te rmina te .  

Subsequent r a t i o n a l  expec ta t i ons  models cons idered d i f f e r e n t  i n f o r m a t i o n  

assumptions and d i f f e r e n t  s t r u c t u r a l  c h a r a c t e r i s t i c s ,  such as long- term con- 

t r a c t s  o r  i n t e r t empo ra l  s u b s t i t u t i o n  o f  l e i s u r e .  P o l i c i e s  t o  improve w e l f a r e  

i n  these models depend too much on p a r t i c u l a r s  to p rov i de  unambiguous d e s c r i p-  

t i o n s  o f  op t ima l  p o l i c y  r u l e s .  Indeed, d e r i v a t i o n  o f  t h e  op t ima l  p o l i c y  

becomes an a n a l y t i c a l l y  i n t r a c t a b l e  task ,  w i t h o u t  somewhat a r b i t r a r y  r e s t r i c -  

t i o n s  on e i t h e r  t h e  s t r u c t u r e  o f  t h e  economy o r  t h e  range o f  p o l i c y  cho ices  

considered. 

However, r a t i o n a l  expec ta t ions  models (excep t  c e r t a i n  cases t h a t  do n o t  

possess t h e  n a t u r a l  r a t e  p r o p e r t y )  have two c h a r a c t e r i s t i c s  w i t h  p r a c t i c a l  

p o l i c y  i m p l i c a t i o n s :  (1)  an op t ima l  p o l i c y  i s  e q u i v a l e n t  t o  one t h a t  m i n i -  

mizes t he  p r i c e  l e v e l  u n c e r t a i n t y  o f  s u p p l i e r s  ove r  va r i ous  hor i zons  t h a t  a r e  

determined by i n f o r m a t i o n  l ags  and/or  c o n t r a c t  l eng ths ,  and (2) " i n t e r e s t  r a t e  

r u l e s "  make t he  p r i c e  l e v e l  and money s tock  inde te rmina te .  

The f i r s t  s e c t i o n  t o  f o l l o w  cons iders  t h e  way p o l i c y  o b j e c t i v e s  and 

choices a re  s p e c i f i e d  i n  r a t i o n a l  expec ta t ions  models and notes some l i m i t a -  

t i o n s  and unreso lved  a n a l y t i c a l  problems, which a re  i l l u s t r a t e d  i n  l a t e r  

sec t i ons .  Next, t he  bas i s  o f  p r e v a i l i n g  concepts o f  p o l i c y  i s  shown t o  be 

r o o t e d  i n  t h e  pre-rational-expectations IS-LM models, and t h e  shortcomings o f  

those models a re  discussed. I n  t h e  n e x t  sec t i on ,  i t  i s  shown t h a t  r a t i o n a l  

expec ta t i ons  des t roys  the  case f o r  t h e  conven t iona l  coun te rcyc l  i c a l  p o l  i c i  es , 

b u t  does n o t  l ead  t o  ve r y  s p e c i f i c  conc lus ions  about the  op t ima l  p o l i c y  r u l e  

w i t h o u t  p a r t i c u l a r  assumptions about i nfor rnat ion ava i  lab1 e  t o  p r i v a t e  and 

p u b l i c  agents .  Non-market- clear ing models, such as those i n  which s e l l e r s  of  
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goods o r  l abo r  agree t o  accommodate demand a t  a  predetermined nominal p r i c e ,  

are found t o  have unconventional, bu t  few general , pol  i c y  impl i c a t i o n s .  Fin-  

a l  l y ,  s i m i l a r  ambigui t ies are found i n  in ter temporal  s u b s t i t u t i o n  models. A 

f i n a l  sec t i on  i n t e r p r e t s  the p r a c t i c a l  po l  i c y  impl i c a t i o n s  o f  r a t i o n a l  expec- 

t a t i o n s  models as arguing f o r  p r i c e  s t a b i l i t y  and aga ins t  p o l i c i e s  t h a t  seek 

t o  s t a b i l i z e  ou tput  o r  i n t e r e s t  ra tes .  

The Pol i cy Problem 

What Should Monetary P o l i c y ' s  Ob jec t ive(s1  Be? 

A t  the  most general l e v e l ,  t h e -p o l i c y  o b j e c t i v e  can be taken as the  

enhancement o f  the wel fare o f  the representa t ive  agent (consumer/factor sup- 

p l i e r ) .  I m p l i c i t  i n  d i f f e r e n t  macroeconomic models t h a t  g ive  a  r o l e  f o r  

monetary p o l i c y  are d i f f e r e n t  cons t ra in t s  t h a t  impede agents'  a t ta inment  o f  

the f i r s t- b e s t  economic outcomes. Then po l  i c y  can improve welfare by reduc ing  

the effect iveness o f  these cons t ra in t s .  

I m p l i c i t  i n  a l l  the major competing models i s  a  common set  o f  micro-  

economi c  assumptions, which can be b r i e f l y  described as f o l  lows. The welfare 

of the  rep resen ta t i ve  i n d i v i d u a l  i n  the economy i s  spec i f i ed  by h i s  u t i l i t y  

func t ion ,  which he maximizes subject  t o  var ious cons t ra in t s .  H i s  u t i l i t y  

depends p o s i t i v e l y  upon the amounts o f  consumption and l e i s u r e  he enjoys i n  

each per iod ,  w i t h  f u t u r e  amounts discounted according t o  how soon they w i l l  

occur .  I n  a d d i t i o n ,  consumption and l e i s u r e  prov ide d e c l i n i n g  marginal 

u t i  1  i t y ,  so t h a t  i n d i v i d u a l s  d i sp lay  r i s k  aversion-- they tend t o  p r e f e r ,  f o r  

example, more s tab le  pa t te rns  o f  consumption and l e i s u r e , o v e r  unstable ones, 

fo r  g iven present  discounted values o f  consumption and l e i s u r e  streams. 

I n d i v i d u a l s  have access t o  a  product ion f u n c t i o n  e i t h e r  d i r e c t l y ,  o r  
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i n d i r e c t l y  through a  labor  market i n  which pro f i t- max imiz ing  f i r m s  are 

buyers. The product ion  f u n c t i o n  has labor  and a t  l e a s t  one o the r  ( c a p i t a l  o r  

f i x e d )  f a c t o r  i npu t ,  and d isp lays  decreasing marginal p r o d u c t i v i t y  and con- 

s t a n t  re tu rns  t o  scale. I n  the absence o f  the  o ther  cons t ra in t s  t o  be d i s-  

cussed, i n d i v i d u a l s  can t rade f r e e l y  i n  var ious  markets, sub jec t  t o  budget 

cons t ra in ts .  

Changes i n  p r o d u c t i v i t y  and technology alone are e n t i r e l y  capable of 

generat ing cyc les o f  the k i n d  ac tua l  l y  observed i n  developed, market econo- 

mies, even i f  agents opt imize,  and even w i thou t  the a d d i t i o n a l  cons t ra in t s  

assumed i n  monetary models o f  the business cyc le.  Recent work on real 

business cyc le  models suggests important  l i m i t s  on the scope o f  f l u c t u a t i o n s  

a t t r i b u t a b l e  t o  monetary phenomena i n  general and monetary p o l i c y  i n  p a r t i c -  

u l a r .  However, these models are no t  the sub jec t  o f  study here because t h e i r  

imp l i ca t i ons  f o r  the  conduct o f  monetary p o l i c y  i n  a  c y c l i c a l  framework are 

r e l a t i v e l y  specu la t ive  and do n o t  f i t  we l l  w i t h i n  the d iscussion.  

Wi th in the c lass  o f  models t h a t  do g i ve  an important  r o l e  t o  monetary 

p o l i c y  i n  generat ing cycles, the c r i t i c a l  d i f f e rences  between the a l t e r n a t i v e  

models do n o t  i nvo l ve  the assumptions about u t i  1  i t y  and product ion  func t i ons .  

Ins tead,  the main d i f f e rences  l i e  i n  c e r t a i n  add i t i ona l  cons t ra in t s  faced by 

agents. Usual ly ,  i t  i s  assumed t h a t  business cyc les r e f l e c t  some f a i l u r e  o f  

the market economy t o  reach a  Pareto-optimum. To exp la in  t h i s  f a i l u r e ,  models 

have placed agents under cons t ra in t s  o f  one o f  two types: (1 )  incomplete 

in format ion,  of which money i l l u s i o n  can be considered an extreme specia l  

case, o r  ( 2 )  f a i l u r e  o f  markets t o  c l e a r ,  o f  which nonexistence o f  markets can 

be thought o f  as an extreme spec ia l  case. These cons t ra in t s  determine the 

mechanism by which p o l i c y  exer ts  i t s  in f luence,  i n  ways t o  be exp l i ca ted  

below. 
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Given the u t i l i t y ,  p roduct ion  func t i on ,  and market f a i l u r e  assumptions, 

each model imp1 i e s  a  se t  o f  dec is ion  r u l e s  descr ib ing  how agents respond t o  

in fo rmat ion  a v a i l a b l e  t o  them. These dec is ion  r u l e s  imp ly  market demand and 

supply func t ions ,  usua l l y  expressed as 1  i nea r  approximations, t h a t  can be used 

t o  r e l a t e  the behavior o f  the  aggregate o f  i n d i v i d u a l s  t o  the  s t a t e  o f  t he  

economy. I t  i s  these representat ions o f  the models-- linear supply and demand 

funct ions- - that  have proven most a n a l y t i c a l l y  t rac tab le . '  This  representa-  

t i o n  i s  termed the  " s t r u c t u r a l "  form o f  the model. 

A ser ious problem inherent  i n  these representat ions i s  t h a t  they a re  

r a r e l y ,  i f  ever, i n v a r i a n t  w i t h  respect  t o  the c lass of p o l i c y  i n t e r v e n t i o n s  

considered. This p o i n t  was made f o r c e f u l l y  by Lucas (19761, who demonstrated 

t h a t  the orthodox IS-LM models were no t  i n v a r i a n t  t o  changes i n  p o l i c y  i n  t he  

presence o f  r a t i o n a l  expectat ions. A s  a  p r i n c i p l e ,  t h i s  p o i n t  i s  uncontrover- 

s i a l ,  al though i t s  p r a c t i c a l  imp l i ca t i ons  are t roub l i ng :  e i t h e r  p o l i c y  analy-  

s i  s must be regarded as impossible, o r  the s e n s i t i v i t y  o f  the representa t ion  

t o  the range o f  p o l i c i e s  considered must be assessed. This  s e n s i t i v i t y  

ana lys is  cannot be performed wi thout  making e x p l i c i t  the microeconomic founda- 

t i o n s  of the model. Recognit ion o f  t h i s  p r i n c i p l e  gave added v igo r  t o  t he  

ongoing search f o r  microeconomic foundations. 

What I s  Monetary Po l i cy?  

The very ex is tence o f  monetary p o l i c y  requ i res  some se t  of regu la t i ons  

and/or l ega l  tender r e s t r i c t i o n s  a f f e c t i n g  the f i n a n c i a l  and payments 

systems. The nature o f  these regu la t i ons  and r e s t r i c t i o n s  i s  a  c r i t i c a l  p a r t  

of  the  model i n  which p o l i c y  choices are made. The regu la t i ons  and r e s t r i c -  

t i o n s  are, however, no t  we l l  understood and are taken as f i x e d  i n  the most 

common form o f  p o l i c y  ana lys is .  S u f f i c i e n t  assumptions f o r  the ex is tence o f  
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monetary p o l i c y  a r e  t h a t  t h e  monetary po l icymaker  (a)  c o n t r o l s  base money 

th rough  a  r o l e  as s o l e  p r o v i d e r  and (b)  s imu l taneous ly  c o n t r o l s  the  r a t e  of 

r e t u r n  o f  base money r e l a t i v e  t o  o t h e r  assets  through rese rve  requi rements  and 

o t h e r  c o n t r o l s  ove r  t h e  payments system. The f i r s t  assumption g ives  p o l i c y  a  

nominal q u a n t i t y  i t  can c o n t r o l ;  t h e  second one g i ves  r i s e  t o  a  demand 

f unc t i on  f o r  t h a t  q u a n t i t y ,  which g i ves  man ipu la t i on  o f  t h a t  q u a n t i t y  

conceivab le  leverage  ove r  t he  macroeconomy. 

Given t h i s  l e g a l  and i n s t i t u t i o n a l  framework, some program of changes i n  

t h e  s tock  o f  money (or base money) c o n s t i t u t e s  an ins t rument  f o r  m in im i z i ng  

t h e  e f f e c t  o f  t he  market  f a i  l u r e s  on t h e  r e p r e s e n t a t i v e  p r i v a t e  agents '  wel-  

fare.  Th is  o p t i m i z a t i o n  takes p l ace  w i t h  r e fe rence  t o  a1 l conceivab le  

con t i ngen t  behav io rs  f o r  money. These behav iors  can be s p e c i f i e d  most gen- 

e r a l l y  i n  terms o f  parameters o f  a  r u l e  l i n k i n g  t h e  q u a n t i t y  o f  money to  t h e  

s e t  o f  i n f o r m a t i o n  a v a i l a b l e  t o  t h e  po l icymaker .  

To f o r m a l i z e ,  cons ider  p o l i c y  r u l e s  t h a t  a re  a  l i n e a r  f u n c t i o n  of t h e  

i n f o r m a t i o n  s e t .  Then t h e  r u l e  may be w r i t t e n  as: 

(1 )  mt  = H I t ,  

where m t  i s  t he  l o g  o f  t h e  money s tock  as o f  t ime  p e r i o d  t, H i s  a  v e c t o r  of 

c o e f f i c i e n t s  c h a r a c t e r i z i n g  t he  p o l i c y  responses, and It i s  t h e  i n f o rma t i on  

s e t  a v a i l a b l e  t o  t h e  po l icymaker  a t  t ime t. I, migh t  i n c l u d e  t h e  " v a r i a b l e "  - 

1 (one) and any powers o f  t ( t i m e  index) .  By convent ion,  It excludes mt  

i t s e l f .  Al though t h e  l a t t e r  i s  observable ,  i t  i s  a l r eady  i nc l uded  on t h e  

l e f t- hand  side- -merely a  k i n d  o f  no rma l i za t i on .  However, It may i n c l u d e  

m t - I  o r  o t h e r  lagged money terms, and g e n e r a l l y  w i l l .  

Equat ion ( 1 )  s t a t e s  the  obv ious t r u t h  t h a t  po l icymakers  can o n l y  respond 

t o  t h e  i n f o r m a t i o n  t h e y  have a t  a  p o i n t  i n  t ime.  Choice o f  p o l i c y  i s  r ep re-  

sented by cho ice o f  va lues  o f  H .  Furthermore, cho ice  o f  t he  elements of H 
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t h a t  are c o e f f i c i e n t s  o f  u n i t y  and powers o f  t ime w i l l  be i r r e l e v a n t  f o r  

nea r l y  a1 1 purposes, a t  l e a s t  i n  r a t i o n a l  expectat ions models, o r  any o the rs  

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

A s  w i l l  be seen, i t  i s  a n a l y t i c a l l y  use fu l  i n  the f o l l o w i n g  d iscuss ion  

t o  d i s t i n g u i s h  c a r e f u l l y  between p o l i c y  responses t o  contemporaneous informa- 

t i o n  versus responses t o  delayed in fo rmat ion .  This d i s t i n c t i o n  can be 

effected by segmenting the in fo rmat ion  se t ,  I,, i n t o  cur ren t  (per iod- t )  

r e a l i z a t i o n s  and prev ious (per iod  t - 1 ,  t- 2, . . . I  r e a l i z a t i o n s .  I n  p a r t i c u l a r ,  

the  cu r ren t  i n t e r e s t  r a t e  ought t o  be considered contemporaneously observable, 

wh i l e  ou tpu t  and p r i c e s  are  known o n l y  w i t h  a  l ag .  Then the p o l i c y  r u l e  may 

be w r i t t e n  as: 

(2) m, + qRt = p + F(L)Yt-, ,  

where R i s  the nominal i n t e r e s t  r a t e ,  Y i s  a  vec tor  o f  s ta te  va r iab les ,  q i s  a  

sca lar ,  and F(L) i s  an n-dimensional vector  polynomial i n  the l a g  opera tor ,  L  

(def ined such t h a t  LkY t - I  = Y,-,-,>. Trends o r  polynomials i n  t have 

been excluded i n  (2) because they o n l y  c l u t t e r  the r e s u l t s  w i t h  u n i n t e r e s t i n g  

terms. p i s  t r e a t e d  as an exogenous constant;  i t s  value does no t  bear on 

the  issues addressed. The pol  i c y  choice i s  then represented by the  j o i n t  

choice o f  q  and F(L>. I n  each per iod,  the po l  icymaker observes Y t - I  and, i n  

l i g h t  o f  Y t - , ,  Yt-,, ..., chooses a  l i n e a r  sum o f  money and the i n t e r e s t  

r a t e  t h a t  w i  11 serve as the  c r i t e r i o n  f o r  money p r o v i s i o n  i n  pe r iod  t. 

Rules o f  form (2) are  commonly encountered i n  the l i t e r a t u r e  on monetary 

p o l i c y ,  and are o f t e n  termed money supply  function^.^ This f u n c t i o n  i s  t he  

bas is  of the money supply curve i n  f i g u r e  1. The p o s i t i v e  slope there  re-  

f l e c t s  a  negat ive q, i n d i c a t i n g  t h a t  the money stock i s  increased contempora- 

neously w i t h  r i s e s  i n  the nominal i n t e r e s t  r a t e ,  f o r  given r e a l i z a t i o n s  o f  

Y - , Y , . . . . The i n t e r c e p t ,  (p+F(L)Y ,-, > /q ,  va r i es  w i t h  the 
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Figure 1 
Money Supply Function 
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observed (lagged) state of the economy. For example, the choices of 

F-elements might tend to reduce the intercept in response to output declines 

and increase it after output increases. These two features, especially the 

cyclical intercept, characterize what can be termed the conventional 

stabilization policy. 

What Range of Policy Choices Is Relevant for Analysis? 

This representation of the range of pol icy choices must be simp1 ified 

careful ly in the context of each model in order to proceed with analysis. 

Unfortunately, no general procedure exists for determining an adequate, yet 

sufficiently parsimonious specification of an optimal policy rule under 

rational expectations. The appropriate specification will depend on both the 

structure and the assumptions about information sets avai lable to the pol i cy- 

maker and private agents. This problem seems to limit analysis to cases in 

which an adequate policy specification can be confidently determined. In 

practice, this has meant certain restrictions on the structure and information 

sets that limit the generality of results. Some considerations in the choice 

of the appropriate specification are the subject of this section. 

First, the specification of the policy rule might include as arguments 

only variables in the set I t  that are also in the set of minimal state vari- 

ables, denoted M,. M t  contains all variables, treating lags as distinct 

variables, appearing explicitly in (nonpolicy) equations of the model in its 

structural form (see McCallum C19831). In models in which period t-1 vari- 

ables appear in the structural equations, but variables dated earlier do not, 

the minimal-state-variable criterion will serve to truncate F(L) t o  a vector 

of scalars. Then equation (2) can be rewritten as: 

(3) m, = p -qRt  + FYq-,, 
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where { R t ,  Y s - , )  = {Mt  fl It). Except where o therw ise  noted, t h i s  

r ep resen ta t i on  s h a l l  be t r e a t e d  as the  app rop r i a te  r e p r e s e n t a t i o n  o f  t h e  

p o l i c y  r u l e .  

The min ima l- s ta te- var iab le  approach has p r a c t i c a l  advantages and may 

serve as an appropr ia te  s t a r t i n g  p o i n t  f o r  i d e n t i f y i n g  r e l e v a n t  v a r i a b l e s  f o r  

the  p o l i c y  r u l e .  C e r t a i n l y ,  v a r i a b l e s  i n  M t  a re  pr ime candidates f o r  i n c l u -  

s i o n  i n  t he  p o l i c y  r u l e .  And l i m i t i n g  those inc luded  t o  the  min ima l- s ta te-  

v a r i a b l e  s e t  r u l e s  o u t  an i n d e f i n i t e l y  l a r g e  number o f  t r i v i a l  v a r i a b l e s ,  

which a n a l y s i s  would u l t i m a t e l y  f i n d  t o  be i r r e l e v a n t  anyway ( t h e i r  op t ima l  

c o e f f i c i e n t s  i n  the  p o l i c y  r u l e  would be zero) .  The l i m i t a t i o n  t o  minimal 

s t a t e  v a r i a b l e s  i s  a l s o  thought  t o  r u l e  o u t  i n c l u s i o n  o f  i n t r i n s i c a l l y  i r r e l e -  

van t  va r i ab les ,  termed b o o t s t r a p  va r i ab les ,  t h a t  a n a l y s i s  would f i n d  r e l e v a n t  

o n l y  i f  they  were i nc l uded  i n  the  setup o f  t he  problem, e i t h e r  i n  t h e  p o l i c y  

r u l e  or i n  p r i v a t e  r a t i o n a l  expec ta t ions  fo rmat ion .  

Un fo r t una te l y ,  t he  m in ima l- s ta te- va r i ab le  approach w i l l  n o t  n e c c e s a r i l y  

r e s u l t  i n  an adequate p o l i c y  r u l e .  Ambigu i t ies  about which v a r i a b l e s  a r e  

r e l e v a n t  g e n e r a l l y  a r i s e  un less  p a r t i c u l a r  assumptlons a r e  made concern ing 

p r i v a t e  agents '  i n f o r m a t i o n  se t s ,  denoted St. M t  may n o t  con ta in  a l l  t h e  

v a r i a b l e s  p r o v i d i n g  r e l e v a n t  c o n d i t i o n i n g  i n f o r m a t i o n  t h a t  agents use t o  f o rm  

r a t i o n a l  expec ta t ions .  Hence, some v a r i a b l e s  n o t  i n  {Mtn It) may be 

r e l e v a n t  s t a t e  v a r i a b l e s  a f t e r  a l l  and should appear i n  t he  r e p r e s e n t a t i o n  o f  

t h e  p o l i c y  r u l e .  For example, p r i c e s  i n  t he  l a s t  p e r i o d  may n o t  appear i n  t he  

" s t r u c t u r a l "  form o f  the  model (supp ly  and demand equat ions) ;  y e t ,  if p r i v a t e  

agents fo rming  expec ta t ions  have an i n f o r m a t i o n  s e t  c o n t a i n i n g  o n l y  lagged 

p r i c e s ,  then those p r i c e s  w i l l  g e n e r a l l y  i n f l u e n c e  supply  and demand dec i s i ons  

v i a  expec ta t ions ,  and should appear i n  the  op t ima l  p o l i c y  r u l e .  Bu t  if, on 

the  o t h e r  hand, p r i v a t e  agents were endowed w i t h  a  d i f f e r e n t  i n f o r m a t i o n  se t ,  
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i n c l u d i n g  t he  c u r r e n t  p r i c e  l e v e l ,  they  m igh t  f i n d  lagged p r i c e s  uninforma-  

t i v e .  Then lagged p r i c e s  m igh t  n o t  be a  r e l e v a n t  s t a t e  v a r i a b l e  and need n o t  

appear i n  t he  p o l i c y  r u l e .  The importance o f  t h i s  example i s  t h a t ,  r e g a r d l e s s  

o f  t he  s p e c i f i c a t i o n  o f  St ,  lagged p r i c e s  a re  n o t  a  min imal  s t a t e  v a r i a b l e ,  

because t he  l a t t e r  depends o n l y  on the  s t r u c t u r a l  equat ions,  n o t  on St .  

Yet, a  change i n  St a f f e c t s  t h e  r e l e v a n t  s e t  o f  v a r i a b l e s  t h a t  g e n e r a l l y  

appear i n  t h e  op t ima l  p o l i c y  r u l e .  Hence, i n c l u s i o n  o f  a l l  minimal s t a t e  

v a r i a b l e s  does n o t  assure a  s u f f i c i e n t  r e p r e s e n t a t i o n  f o r  an op t ima l  r u l e .  

A l l  t o l d ,  parsimony i n  t he  setup o f  t he  o p t i m i z a t i o n  problem, and 

p a r t i c u l a r l y  the  v a r i a b l e s  i nc l uded  i n  t he  p o l i c y  r u l e ,  i s  bo th  e s s e n t i a l  and 

f raugh t  w i t h  dangers. C h i e f  among these dangers i s  t h a t  r e l e v a n t  v a r i a b l e s  

( i n c l u d i n g  va r i ous  lags )  may i n a d v e r t e n t l y  be l e f t  o u t  o f  t he  p o l i c y  r u l e .  

Yet,  un less t he  a n a l y s t  i s  sure t h a t  ( a t  l e a s t )  a l l  t h e  r e l e v a n t  v a r i a b l e s  a r e  

inc luded ,  t he  f o rm  o f  t h e  r u l e  pos tu l a ted  may exc lude t h e  op t ima l  p o l i c y  o r  

p o l i c i e s  a l t o g e t h e r .  Then, t h e  op t ima l  p o l i c y  o r  p o l i c i e s  a re  r u l e d  o u t  i n  

t he  setup o f  the  a n a l y s i s .  Or, an unduly r e s t r i c t e d  p o l i c y  space may i n c l u d e  

o n l y  some 6 f  the  members o f  t he  c l ass  o f  op t ima l  p o l i c i e s ,  b u t  n o t  a l l .  Then, 

f e a s i b l e  p o l i c i e s  w i t h  v e r y  d i f f e r e n t  c h a r a c t e r i s t i c s  may be j u s t  as d e s i r a b l e  

as t he  bes t  w i t h i n  t h e  r e s t r i c t e d  p o l i c y  space, y e t  t he  a n a l y s t  m igh t  i n c o r -  

r e c t l y  argue aga ins t  them on t h e  bas is  o f  h i s  l i m i t e d  r e s u l t s .  

Hypo the t i ca l  i l l u s t r a t i o n s  o f  t he  problems a t t e n d i n g  undue r e s t r i c t i o n  

o f  t he  p o l i c y  space a re  conveyed by f i g u r e  2 f o r  two d i f f e r e n t  economic 

models. For s i m p l i c i t y ,  t h e  app rop r i a t e  s p e c i f i c a t i o n  o f  t h e  p o l i c y  r u l e  i s  

assumed t o  be 

( 4 )  m, = -qRt + f y t - ,  , 

where y  i s  ou tpu t .  The u n r e s t r i c t e d  po l  i c y  space i s  q x f ,  o r  R 2 .  
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Figure 2 
The Policy Space 
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If the exc lus ion  r e s t r i c t i o n  f=O o r  q=O i s  a r b i t r a r i l y  imposed, the r e s t r i c t e d  

optimum i s  (q*  l f = O )  o r  ( f *  lq=O), respec t i ve l y .  W i  thout  these undue 

r e s t r i c t i o n s ,  the opt imal  p o l i c y  se t  i s  the  l i n e  MM i n  the  model corresponding 

t o  the upper panel, and the p o i n t  M i n  t h a t  o f  the lower panel. I n  the  f i r s t  

case, p a r t i a l  analys is  leads t o  an optimum; bu t  the ana lys t  might, on the  

basis of h i s  r e s u l t s ,  argue fa1  l a c i o u s l y  against o the r  opt imal  p o l i c i e s  t h a t  

had e i t h e r  q  o r  f negative. I n  the second case, p a r t i a l  ana lys is  does n o t  

a r r i v e  a t  a  g loba l  optimum, o r  even a  co r rec t  eva lua t ion  o f  the signs o f  op- 

t ima l  p o l i c y  parameters. Problems o f  both k inds can e a s i l y  occur. Formal 

examples o f  the  f i r s t  k i n d  w i l l  be g iven i n  what f o l l ows .  The second type o f  

problem was i n f o r m a l l y  i l l u s t r a t e d  above; i t  i s  l i k e l y  t o  a r i s e  w i thout  par-  

t i c u l a r  r e s t r i c t i o n s  on in fo rmat ion  and the  s t ruc ture .  These problems a re  a  

major, i f  inadequately acknowledged, p i  t f a l l  o f  ana lys is  o f  opt imal  p o l i c y  

under r a t i o n a l  expectat ions. Often, ana lys is  has avoided t h i  s  problem o n l y  by 

somewhat a r b i t r a r y  r e s t r i c t i o n s  on in format ion sets I, andlor  St. 

Another, v a l i d ,  r e s t r i c t i o n  on the re levant  p o l i c y  space i s  t h a t  which 

r u l e s  o u t  indeterminacy o f  important  var iab les .  The values o f  q  and F of the  

p o l i c y  r u l e  s p e c i f i e d  by the  general form (3) cannot be speci f ied a r b i t r a r i l y ,  

fo r  (3) must s u f f i c e  t o  complete the economic model i n  the sense o f  render ing  

a1 1  the endogenous var iab les  determinate. The fo rce  o f  t h i s  r e s t r i c t i o n  

obv ious ly  depends on the o the r  aspects o f  the model. An important  example t o  

be g iven r e l a t e s  t o  indeterminacy o f  money and p r i ces  under a  "pol i c y "  o f  

pegging the i n t e r e s t  r a t e .  

Throughout the formal ana lys is  t h a t  fo l lows,  i t  w i l l  be f u r t h e r  assumed 

t h a t  q and F are  no t  f unc t i ons  o f  t ime.' This assumption imp l ies  t h a t  t he  

po l  icymaker i s  ab le  t o  make a  commi tment t o  a  time-consi s t e n t  r u l e  of beha- 

v i o r .  Under r a t i o n a l  expectat ions,  the a b i l i t y  t o  so commit i s  necessary t o  
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the attainment o f  the opt imal outcome; otherwise, p o l i c y  w i l l  be unable t o  

en1 i s t  the support o f  p r i v a t e  expectat ions. This assumption i s  f a r  f rom 

innocuous and i t s  rea l i sm i s  doubt fu l .  A new and growing l i t e r a t u r e  attempts 

t o  deal w i t h  the design o f  second-best p o l i c i e s  i n  models i n  which the p o l i c y-  

maker i s constra ined by an i nabi 1 i t y  t o  precommi t. (See, f o r  example, Bar ro  

C19861). Nevertheless, even i f  the f i r s t - b e s t  p o l i c y  i s  i n f e a s i b l e ,  the 

macroeconomic issues involved i n  i t s  design w i l l  s t i l l  be re levan t .  

The ana lys is  t o  f o l l o w  w i l l  r e s t r i c t  a t t e n t i o n  t o  steady- state proper-  

t i e s  o f  a1 t e r n a t i v e  s tochast ic  model s, because o n l y  these p rope r t i es  are 

determined by r a t i o n a l  expectat ions models. For a given model and a g iven 

o b j e c t i v e  func t i on ,  there i s  a mapping from each element i n  the  p o l i c y  space 

t o  the  value o f  the o b j e c t i v e  func t i on .  The opt imal  p o l i c y  i s  charac ter ized 

by the  element (o r ,  i f  nonunique, se t  o f  elements) i n  the p o l i c y  space associ-  

ated w i t h  the op t im iza t i on  o f  the  ob jec t i ve  func t i on .  This p o l i c y  w i l l  serve 

t o  minimize the e f fec t iveness  o f ,  o r  u t i l i t y  loss  pursuant t o ,  the c o n s t r a i n t s  

on in fo rmat ion  o r  market- clear i  ng t h a t  prevent the economy f rom a t t a i n i n g  a 

Pareto-optimal a l l o c a t i o n  o f  resources. I n  the f o l l o w i n g  ana lys is ,  the va r ia-  

t i o n s  i n  the cons t ra in t s  on p r i v a t e  u t i l i t y  maximization t h a t  d i f f e r e n t i a t e  

prominent macroeconomic models are shown t o  imply v a r i a t i o n s  i n  the op t ima l  

p o l  i c y  r u l e .  

Pre-Rational-Expectations IS-LM Models 

For a number o f  r e l a t e d  reasons, i t  i s  usefu l  toqtbegin ana lys is  w i t h  

pre- rational-expectations IS-LM models. F i r s t ,  they have pedagogical va lue i n  

t h a t  t h e i r  a n a l y t i c a l  simp1 i c i  t y  sets the stage f o r  easier  understanding o f  

more complex models. Second, these IS-LM models generate most convent ional 
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views on opt imal p o l i c y .  They serve as essent ia l  representat ions o f  most 

macroeconometric models. An assessment o f  the shortcomings of these pre- 

r a t i o n a l  IS-LM models helps mot ivate the assumption o f  r a t i o n a l  expectat ions. 

F i n a l l y ,  understanding how opt imal  p o l i c y  i s  designed i n  pre- ra t iona l  models 

w i l l  a l low ins ight- provoking contrasts w i th  the r a t i o n a l  expectat.ions models. 

The F i  xed-Pri ce Model 

I n  the i n f l u e n t i a l  t reatment o f  monetary p o l i c y  o f  Poole (19701, the  

model was o f  the simple textbook IS-LM form, w i t h  f i x e d ,  o r  a t  l e a s t  exoge- 

nous, p r i ces .  The aggregate commodity demand func t ion ,  o r  I S  curve, was 

(5) y t  = do + dtRt + dzyt-1 + ~ l t ,  dI<O<dz<l, 

where y was output ,  and the money demand o r  LM curve was 

(6) m, = a. + a,Rt + a,yt + e t ,  al<O<a,. 

u t  and e t  were disturbances. Output was determined s t r i c t l y  by demand: 

(7) y, = y:. 

General ly,  i f ,  as i n  t h i s  case, there are no expectat ions i n  a model, 

the  p o l i c y  r u l e  need inc lude,  a t  most, the minimal se t  o f  s ta te  var iab les  t h a t  

are a l s o  i n  the  pol icymakers'  in fo rmat ion  set .  The minimal se t  includes y t ,  

y t - , ,  R,, and m,, but y t  i s  no t  contemporaneously observable t o  the 

policymaker. Therefore, an opt imal  p o l i c y  w i l l  take the form: 

(8) m, = PO - qRt + 

where q and f are scalars.  Since output  i s  determined s t r i c t l y  by demand, 

r e f l e c t i n g  the f i xed- pr i ce  assumption, and since the u t i l i t y  f unc t i on  embodies 

r i s k  aversion, the appropr iate c r i t e r i o n  i s  min imizat ion o f  deviat ions o f  ou t-  

p u t  around i t s  opt imal l e v e l ,  where the l a t t e r  depends on i m p l i c i t  and f i x e d  

p r o d u c t i v i t y  and tas tes .  An appropr iate value o f  p i s  needed t o  make 
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average output  equal t o  the opt imal ou tput  l e v e l ,  because i n  t h i s  model, t he  

average leve l  o f  output  depends on the average l e v e l  o f  money. (Obviously, 

t h i s  i s  a  p a r t i c u l a r l y  crude v i o l a t i o n  o f  the na tu ra l  r a t e  property.)  Then, 

using a  quadrat ic  l o c a l  approximation f o r  the u t i l i t y  func t ion ,  the appropr i-  

ate  ob jec t i ve  i s  the minimizat ion o f  ou tput  variance around t h i s  opt imal 

output  average. The op t im iza t i on  problem i s  thus separable i n t o  a  l e v e l  and a  

variance problem, and the l a t t e r  w i  11 occupy the f o l l o w i n g  discussion. 

Then the op t im iza t i on  can be represented as t h a t  o f  minimizing the  v a r i -  

ance o f  output  w i t h  respect  t o  (q , f l ) ,  subject  t o  equations (51, (61, and 

( 7 ) .  

The reduced form s o l u t i o n  f o r  output  i s  

(9) y t  = dl(p-ao)Jt + (a ld2+q+d l f l>J ly t - l  + (al+q)Jlut - d l J l e t ,  

where J l  = (al+a2dl+q>-'  

w i t h  a  steady-state variance o f  

(10) = C(a,+q)' 0:) + d: 0% I J 2 ,  

where oG= E(yt-Ey ) ', 
2 UI= E ( u ~  t-Eu1 t ) ' ,  

o:= E(et-Eet>', and 

J 2  = (al  + a2d1) '  - (ald2 + d f 1 I 2  + 2q(al+a2dl-ald2-dlfl>2. 

The p o l i c y  space q x f l  i s  R 2  exc luding q  = -al-a2dl. Assuming the 

disturbances are uncorre lated,  the f i r s t - o r d e r  cond i t ions  imply the opt imal  q  

and f l  are given by 

(11) q  = ( d , / a 2 > ( o ~ / o : >  - al  

and 

(12) f l  = -a ldz/dI  + q / d l .  

These expressions show t h a t  the s t a t i c  IS- LM model supports conventional 
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views on the  app rop r i a t e  des ign  o f  monetary p o l i c y .  The op t ima l  va l ue  of q  i s  

nega t i ve  i f ,  as commonly supposed, t he  va r iance  o f  money demand d i s t u rbances  

i s  " l a r g e "  ( i n  a  loose sense t h a t  depends on d l / az  and a l )  r e l a t i v e  t o  

commodity demand d i s t u rbances .  Then money supply  should  be p o s i t i v e l y  r e l a t e d  

t o  t he  c u r r e n t  i n t e r e s t  r a t e  ( g i v e n  y t - l ) .  The va lue  o f  f l  w i l l  be nega- 

t i v e ,  imp l y i ng  t h a t  c o u n t e r c y c l i c a l  v a r i a t i o n s  i n  money h e l p  s t a b i l i z e  o u t p u t .  

I t  i s  noteworthy,  f o r  comparisons w i t h  l a t e r  models, t h a t  t he  op t ima l  q  and 

f l  a re  unique. A lso,  t h e  cho ice  o f  q  (contemporaneous responses) i s  separ-  

a b l e  f r om  the  choice o f  f ,  ( lagged responses),  i n  t he  sense t h a t  t h e  op t ima l  

cho ice  o f  q  can be found  w i t h o u t  cons ide r i ng  t he  o p t i m a l  va lue  o f  f ,  . The 

op t ima l  cho ice o f  q  i s  a l s o  unaf fected by t h e  magnitude of  d2 ,  t he  coe f f i-  

c i e n t  l i n k i n g  commodity demand t o  i t s  pas t .  I n  o t h e r  words, t he  dynamics o f  

t h i s  model a re  such t h a t  t hey  do n o t  become a c o n s i d e r a t i o n  i n  t he  cho ice  o f  

t h e  s lope o f  t h e  money supp ly  f u n c t i o n  dep i c t ed  i n  f i g u r e  1, b u t  o n l y  i n  t h e  

cho ice  o f  i t s  state- dependent i n t e r c e p t .  

One o f  t h e  most g l a r i n g  shortcomings o f  t h e  s t a t i c  IS-LM model i s  t h a t  

i t  1 eaves p r i c e s  undetermined, o r  exogenous. One s  imp1 e, and conven t iona l  , 

means o f  making p r i c e s  endogenous i s  t o  i n t r o d u c e  t h e  " law o f  supply  and 

demand, " 

(13) p t  = p t - 1  + ~ ( y t - y c ) ,  v > O ,  

under which i n f l a t i o n  v a r i e s  d i r e c t l y  w i t h  "demand pressure,"  equal t o  r e a l  

demand, y,, minus " f u l l  employment" o r  " c a p a c i t y "  o u t p u t ,  y c .  Th is  

a l t e r a t i o n  i n v i t e s  placement o f  p, i n  t he  money demand f u n c t i o n ,  

(14) m, - p t  = a. + alR, + a z y t  + e t ,  al<O<az. 

However, t h i s  method o f  making t he  p r i c e  l e v e l  endogenous has severe 

problems. I f  n e i t h e r  buyers  nor  s e l l e r s  can be f o r c e d  t o  t r a n s a c t ,  then t h e  

demand-determination o f  o u t p u t  i m p l i e s  t h a t  p r i c e s  must be t o o  h i g h  t o  c l e a r  
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the market a t  f u l l  employment. To make rudimentary sense o f  t h i s  model, some 

add i t i ona l  exp lanat ion  o f  supply behavior i s  requ i red .  Suppl iers  must e i t h e r  

face money i l l u s i o n  or be under some type of  non-price r a t i o n i n g  c o n s t r a i n t ,  

o r  p r i ces  and the  i n t e r e s t  r a t e  would f a l l  immediately t o  the  l e v e l  t h a t  would 

c l e a r  the  commodity market and ou tpu t  would be constra ined by supply, r a t h e r  

than by demand. Even w i t h  r a t i o n i n g  o r  money i l l u s i o n ,  p r i c e s  w i l l  f a l l  per-  

s i s t e n t l y  over  t ime, as long  as aggregate demand i s  the  c o n s t r a i n t  on ou tpu t .  

The opt imal  p o l i c y  would seem t o  be an increase i n  the money stock adequate t o  

force i n t e r e s t  r a t e s  down low enough and d r i v e  ou tpu t  up t o  i t s  supply con- 

s t r a i n t ,  a t  which t ime d e f l a t i o n  would h a l t .  I t  i s  i n t e r e s t i n g  t o  note t h a t  

there  i s  no t rade- o f f  between main ta in ing  f u l l  employment and s t a b i l i z i n g  t h e  

p r i c e  l e v e l  i n  t h i s  model. F a l l i n g  p r i c e s  i n v a r i a b l y  r e f l e c t  less- than- 

capac i ty  ou tpu t  l eve l s .  I t  i s  a1 so noteworthy t h a t  aggregate demand i s  m i  s- 

spec i f i ed  i n  t h i s  model, and ought t o  have the  r e a l  r a t e  of  i n t e r e s t  r a t h e r  

than the nominal r a t e  as i t s  argument, unless expectat ions o f  i n f l a t i o n  

( a c t u a l l y ,  d e f l a t i o n 1  are f i x e d .  This problem can be reso lved o n l y  by i n t r o -  

ducing p r i c e- l e v e l  expectat ions.  

The Adapt ive Expectat ions Model 

An e x p l i c i t  commodity supply f unc t i on ,  together  w i t h  some mechanism for  

r e c o n c i l i n g  demand and supply- - either by market- c lear ing p r i c e  and i n t e r e s t -  

r a t e  adjustments, o r  by some r a t i o n a l e  f o r  p r i c e  s t i c k i n e s s  o the r  than r a t i o n -  

i n g  of  demand among suppliers--seemed necessary elements f o r  macroeconomic 

models w i t h  des i rab le  microeconomic (and e m p i r i c a l )  imp l i ca t i ons .  The f i r s t  

major at tempt,  a t t r i b u t a b l e  to Phelps (19671, Friedman (19681, and Lucas and 

Rapping (19691, r e l i e d  on workers'  confusions between r e a l  and nominal wages 

which were e x p l o i t e d  by employers. Wages were slow t o  a d j u s t  t o  ac tua l  
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i n f l a t i o n  caused by monetary shocks because workers were l e s s  than f u l l y  

in formed about the  p r i c e  l e v e l .  Thus, t hey  were t r i c k e d  i n t o  work ing  harder ,  

a t  lower a c t u a l  r e a l  wages, whenever t he  p r i c e  l e v e l  rose  r e l a t i v e  to  p rev i ous  

expec ta t ions .  Th is  n o t i o n  i s  i nco rpo ra ted  i n  t he  f o l l o w i n g  dynamic v e r s i o n  o f  

t he  IS-LM model, i n  which expec ta t ions  adapt  s l ow l y  and m e c h a n i s t i c a l l y .  

I n  t he  IS-LM model w i t h  au to regress ive  expec ta t ions ,  p t  appears i n  t h e  

money demand f u n c t i o n ,  as i n  (14).  The aggregate demand f u n c t i o n  becomes 

(15) y t  = d o  + dirt + d z y t - I  + u 1  t ,  d l<O<dz<l,  

where 

(16) r t  = R t -E t (p t+ l - p t )  

and t he  aggregate supply f unc t i on  becomes 

(17) yz = so  + Xyt-1 + ~ ( p t  - E t p t )  + u z t ,  s>O, O<X<l. 

The lagged o u t p u t  term, y t - , ,  i n  (17) can represen t  c a p a c i t y  e f f e c t s  o f  

p rev ious  o u t p u t  l eve l s ,  o r  cos ts  o f  ad justment  i n  employment l e v e l s ,  as i n  

Sargent (1979). To (15) and (17) i s  added a  marke t- c lear ing  equa t ion  

(18) y: = y t  

and expec ta t ions  equat ions o f  t he  adap t i ve  type,  such as 

(19) E t p t  = +o++Pt-r 

and E t p t + ,  = +o( l -+ )++2p t -1 ,  0<+<1. 

Accord ing t o  (191, agents p r e d i c t  p r i c e s  accord ing  t o  a  f i r s t - o r d e r  au to re -  

g ress ion .  I t  i s  noteworthy,  f o r  l a t e r  comparisons, t h a t  p r i c e  expec ta t i ons  

a re  backward- looking: t hey  a re  un ique l y  determined a t  t ime  t by t h e  i n i t i a l  

c o n d i t i o n  p t - , .  

I n  genera l ,  an adequate y e t  parsimonious r e p r e s e n t a t i o n  o f  an o p t i m a l  

p o l i c y  r u l e  i s  easy t o  determine i n  models w i t h  ad hoc expec ta t i ons  forma- 

t i o n s .  An adequate p o l i c y  r u l e  need i n c l u d e  o n l y  those v a r i a b l e s  i n  t he  
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pol 1 cymaker's information set that are either minimal state variables or vari- 

ables upon which private expectations are conditioned. pt-I is the only 

expectations-condi tioning variable, according to (18) and (19). So the rule 

should include m,, Rt, Y,-~, and P,-~: 

(20) mt = p-qRt + f l ~ t - ~  + fzpt-l. 

Many economists initially treated output stabilization as the appropri- 

ate criterion for policy in this model. That criterion is inappropriate, as 

will be argued later, when the microeconomics o f  the supply function are 

considered. Nevertheless, to understand the implications for theory and 

policy of rational expectations--as distinct from the advances in micro- 

economic foundations of supply behavior that occurred more or less concomit- 

antly--it is useful to consider how policies might be designed to control 

output in the adaptive expectations model. 

The reduced-form equation for output is 

(21) y, = no+n,~,-l+n2p,-l+n,~1t+n4~2t+n5et 

for no=d~Jp+(dk+do-++o>, 

where k=Cs(-ao+l++o-a2do+a2++o)-do+~+olJ, 

nl=dl(X+sfl-d2(l+a2s))J+d2, 

n2=Cs(f2-+>+dl+(+-l)(l-a2s)1J+dl+(l-41, 

n3=s(al+q)J, 

n,=dJ, 

and n5=-sdJ, 

where 

J=[dl+s(q+al+a2dl )I-'. 

In this model, the relevant policy space includes all combinations of 

(q,f,,f,) except those for which q=-dl/s-a,-a2dl, because the latter would 
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v i o l a t e  the completeness r e s t r i c t i o n .  The p o l i c y  t h a t  minimizes output  v a r i -  

ance i s  spec i f i ed  by: 

(22) q = (dlo~+s2o~)/(l+a2s)sd-at, 

(23) f ,=-s-'C~-d~(l+a~s)l-d~s-'d;'J-~, 

and 

(24) f,= ~C1+(~-l)(dl/s)(l-azs+J-l)l. 

Somewhat s u r p r i s i n g l y ,  the signs o f  the opt imal  values o f  f and f2  

are  ambiguous, w i thout  extensive empi r ica l  in fo rmat ion .  However, a counter-  

c y c l i c a l  p o l i c y ,  by which i s  meant nonzero F=Efl f,l, can obv ious ly  be 

e f f e c t i v e  i n  t h i s  model. Indeed, the business cycle- - character ized by pe rs i s-  

t e n t  h igh  and low values o f  ou tpu t  r e l a t i v e  t o  trend--can be e l iminated,  g iven 

complete knowledge o f  the s t r u c t u r a l  parameters. The min imiza t ion  o f  ou tpu t  

v a r i a t i o n s  (corresponding t o  these choices o f  q, f l ,  and f,) i s  cons is ten t  

w i t h  t h i s  e l i m i n a t i o n  o f  the business cyc le.  So, the  p rope r l y  designed p o l i c y  

w i  11 both make output  innovat ions (s tochast ic  f l u c t u a t i o n s  no t  a t t r i b u t a b l e  t o  

tendencies o f  previous such f l u c t u a t i o n s  t o  p e r s i s t )  as small as poss ib le  

e l im ina te  any tendency toward pers is tence.  That these two proper t ies  are  

found simultaneously i n  the opt imal  r u l e  f o r  this--and o ther  p re- ra t iona l-  

expectat ions models--may seem t r i v i a l .  However, t h i s  coincidence i s  not a 

general f ea tu re  o f  r a t i o n a l  expectat ions model s. 

A s  i n  the s t a t i c  IS-LM model, the opt imal choice o f  q can be determined 

w i thou t  reference t o  the choice o f  f r  and f,. A lso  l i k e  the s t a t i c  IS-LM 

model, the output- variance-minimizing value o f  q i s  independent of the 

dynamics o f  the model (d,, 4, f l ,  and f, do no t  appear i n  equat ion (22) ) ,  

w h i l e  F depends on both the dynamic elements (d, and $1 as we l l  as q. 

I t  i s  noteworthy t h a t  convent ional macroeconometric models are essen- 

t i a l  l y  an admixture o f  the s t a t i c  and dynamic IS-LM models described i n  t h i s  
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section. The aggregate supply behavior is much 1 ike that of the dynamic IS-LM 

model with autoregressive expectations (see McCallum C19801 and the references 

cited there). Instead of suppliers' prices responding to adapting price 

expectations, though, price behavior is described as responding to labor and 

product market conditions. This difference in description is essentially 

inconsequential for the qua1 i tative analysis of optimal pol icy. However, the 

aggregate demand specification of conventional models is that of the static 

model , with the nominal rather than the real interest rate as an argument. 

This latter difference is consequential. 

The IS-LM model with autoregressive expectations and an expectational 

Phi 1 1  ips curve seemed, initially, to satisfy objections to the earlier simple 

IS-LM model. Prices are no longer exogenous, but respond to the same set of 

shocks as does output. If et and U, have variances that are "large" 

relative to that of uzt  (in a loose sense that depends upon the structural 

parameters d l  , s, a, , a2, q, and $1, then output and prices wi 1 1  be 

positively correlated. Yet, an occasionally "large" supply shock U n t  could 

result in coincidence of high inflation and low output. These features gave 

the model greater empirical credibility than the earlier IS-LM models in which 

supply behavior was not made explicit. 

Yet, despite these improvements, the IS-LM model with autoregressive 

expectations retained one fatally implausible microeconomic implication: it 

was inconsistent with the natural rate hypothesis. In the representation 

shown above, in which price-level expectations are stationary, any regular 

increase in the money stock would bring about a permanent increase in output. 

In the more popular "accelerationist" representation, price-level expectations 

are stationary in growth rates. In these, a regular increase in the growth 

rate of money would bring about a permanent increase in output. If auto- 
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regressive expectat ions are spec i f i ed  as s t a t i o n a r y  i n  the d t h  d i f f e rence ,  

then s p e c i f i c a t i o n  o f  a  p o l i c y  r u l e  o f  (d+ l ) th -order  s t a t i o n a r i t y  w i l l  be suf-  

f i c i e n t  t o  make the  model i ncons i s ten t  w i t h  the  na tu ra l  r a t e  hypothesis.  

This inconsis tency a r i s e s  because p o l i c y  can render expectat ions biased. To 

e l im ina te  t h i s  inconsis tency,  economists have found i t  necessary t o  adopt the  

assumption o f  r a t i o n a l  expectat ions. 

The IS-LM Model w i t h  Rat ional  Expectat ions 

The fundamental p o l i c y  i n s i g h t  o f  r a t i o n a l  expectat ions i s  t ha t ,  t o  the  

ex ten t  p o l i c y  e f f e c t s  depend on expectat ional  e r r o r s ,  they cannot be syste-  

matic.  This p r o p o s i t i o n  fo l l ows ,  i n  la rge  p a r t ,  f rom the expectat ional  

P h i l l i p s  curve, o r  supply f u n c t i o n  (171, under which output  i s  e n t i r e l y  

i n e l a s t i c  w i t h  respect  t o  expected i n f l a t i o n .  Therefore, a  supposedly 

countercyc l i ca l  p o l i c y  o f ,  f o r  example, i nc reas ing  money growth when a  reces-  

s ion  i s  observed, w i l l  no t  be e f f e c t i v e  i n  s t a b i l i z i n g  ou tput  because s e l l e r s  

w i l l  f u l l y  a n t i c i p a t e  the imp l ied  v a r i a t i o n s  i n  p r i c e s .  This p r o p o s i t i o n  was 

f requen t l y  described as " p o l i c y  ine f fec t iveness ,"  seeming t o  suggest t h a t  

choice o f  any one p o l i c y  r u l e  i s  as good as another ( a t  l e a s t  w i t h i n  the  c lass  

o f  r u l e s  serv ing t o  complete the model). However, ca re fu l  ana lys is  below w i l l  

show t h a t  the relevance o r  i r re levance  of Q and F  depends on p a r t i c u l a r  

assumptions about in fo rmat ion  a v a i l a b i l i t y  o r  endowments. The r e s u l t i n g  

ambigui t ies are l a r g e l y  a  resu1.t o f  problems r e l a t e d  t o  the aggregate demand 

func t i on .  

Rat ional expectat ions,  i n  t h e i r  s t rong Muthian form, are those generated 

by us ing  the i n fo rma t ion  ava i l ab le  and i n  f u l l  knowledge o f  the model, i n c l u d-  

i n g  the money supply r u l e .  Formal ly,  r a t i o n a l  expectat ions o f  cu r ren t  and 
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fu ture p r i c e s  are 

(25) E t p t + l  = E C P ~ + ~  ( S t ] ,  i=1,2, 

where the symbol E denotes the ( t r u e )  mathematical expectat ion der ived w i t h i n  

the model and S t  i s  the in fo rmat ion  s e t  cond i t i on ing  expectat ions a t  t ime 

t. The r a t i o n a l  expectat ions assumption prevents any systematic e r r o r s  i n  

p r i c e  expectat ions. I n  p a r t i c u l a r ,  i t  replaces the autoregressive expecta- 

t i o n s  mechanism o f  the previous sec t ion  w i t h  a mechanism t h a t  i s  e x p l i c i t l y  

dependent on the s t ruc tu re ,  inc lwd ing  the  p o l i c y  r u l e .  This ensures t h a t  t he  

e f f e c t s  o f  contemplated changes i n  the  p o l i c y  r u l e  do no t  r e l y  on e x p l o i t a t i o n  

o f  systemati c  expectat ional  e r ro rs .  

Sargent and Wallace (1975) demonstrated t h a t  replacement o f  autoregres- 

s ive  w i t h  r a t i o n a l  expectat ions i n  the  IS-LM model described above i m p l i e d  two 

r a d i c a l  imp l i ca t i ons  about the opt imal  p o l i c y  r u l e :  (1) t h a t  the values o f  

f l  and f2  were i r r e l e v a n t  f o r  ou tpu t  var iance, and (2)  t h a t  p r i c e s  and the  

money stock were indeterminate under a pure " i n t e r e s t  r a t e  r u l e . "  

To show the f i r s t  p ropos i t ion ,  consider t h a t  reduced-form s o l u t i o n s  f o r  

p t  (expressions f o r  the  l a t t e r  are func t ions ,  necessar i l y  l i n e a r ,  o f  the  

s ta te  var iab les ,  o r  predetermined and exogenous va r iab les  en te r i ng  model 

equat ions) must take the t r i a l  s o l u t i o n  form: 

(26) Y t = n 1 0 + ~ l l y t - 1 + r 1 2 ~ t - 1 + n ~ ~ ~ ~ ~ + n ~ ~ ~ ~ ~ + ~ ~ ~ e ~  

and pt=nz0+n2 1 y t - l + n 2 2 p t - l + ~ l  t+fi24u2 t+n25et 

f o r  some nl,s,  where the l a t t e r  are func t i ons  o f  parameters o f  the 

model. The complete reduced-form so lu t i ons  f o r  a1 1 endogenous va r iab les  

can be obta ined by assigning them t r i a l  s o l u t i o n  forms, s u b s t i t u t i n g  them i n t o  

model equations, and so l v ing  the imp l i ed  i d e n t i t i e s  f o r  the r l , s .  Rat ion-  

a l  expectat ions are imposed by app ly ing  (25) t o  (26).  I n  t h i s  a p p l i c a t i o n ,  
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it was assumed by Sargent and Wallace that the information set contained only 

lagged realizations of variables, 

(27) St={pt-1 ,yt-1,. . .). 

Agents were ignorant of u1 t, uZt, and et, which for simplicity are 

assumed here to be nonautocorrelated and independent. 

(28) Etul t=Etu2 t=Etet=Eu tu2 t=Eu2 tet=Eul tet=O. 

Then, (25) through (28) imply 

(29) Etpt = r ~ ~ + w ~ l Y t - l + w ~ ~ P t - l  

2 and Etpt+l=(rl o+wl lw20+w1 o)+nl (w21+w1 I ~ Z Z + ~ I  2)pt-1. 

It is by the derivation of the expectations expressions in (291, and their use 

in the trial solution, that rationality of expectations is imposed on the 

model . 
The supply function (17) and the trial solutions (26) and (29) imply 

(30) yt=so+~yt-l+sw13ult+(l+sw14~~2t+srlset. 

y t - l  appears in this expression with the fixed coefficient X, and pt-l does 

not appear at a1 1 , hence, f and f, do not i nf 1 uence aytlayt - or 

ayt/apt-,. The partial derivatives 

(31 ayt/au1 =sw13 =n3=s(al+q>J, 

aytiauZt = 1 + ~ ~ 1 4  =nq=dJ, 

and ayt/aet =swls =ns=-sdJ, 

turn out to be identical to those for the version with autoregressive expecta- 

tions, shown in equation (21). 

Two implications for (q,fl,f,> of these results are immediate. 

First, the optimal f l  and f, are nonunique; indeed, those parameters are 

irrelevant for output, as claimed by the first proposition of Sargent and 

Wallace. Second, the output- variance-minimizing value of q is the unique 

value given by (22), and has the properties attributed to it there, including 
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i t s  independence o f  dynamic elements. I n  f a c t ,  these two imp l i ca t i ons  f o r  

(q , f l , f2 )  a re  e n t i r e l y  unaffected by add i t i ona l  dynamic elements, such as 

the i n t r o d u c t i o n  o f  a d d i t i o n a l  lagged terms o r  au toco r re la t i ons  o f  e r r o r  terms 

i n  the model's equations. 

I n  t h i s  model, even nonmonetary in f luences on aggregate demand t h a t  can 

be fo recas t  by agents i n  advance o f  t h e i r  occurrence a re  impotent, being neu- 

t r a l i z e d  v i a  changes i n  p r i c e s .  For example, f i s c a l  p o l i c y  t h a t  operates 

through the mechanism o f  changing aggregate demand (as p a r t  o f  u l t >  i s  

i r r e l e v a n t  fo r  ou tpu t  i f  announced i n  advance ( regardless o f  the monetary po l-  

i c y  r u l e  adopted). I n  IS-LM type model s ,  o n l y  unexpected monetary o r  f i s c a l  

p o l i c i e s  mat ter  f o r  ou tpu t ,  as ide from the automatic s t a b i l i z e r s  i nhe ren t  i n  

graduated- rate tax  systems, i n  the case o f  f i s c a l  p o l i c i e s ,  and the choice of 

q, i n  the case o f  monetary p o l i c i e s . '  

" I n t e r e s t  Rate Rules" 

The second major r e s u l t  i n  Sargent and Wallace's model i s  t h a t  an 

" i n t e r e s t  r a t e  r u l e "  does n o t  serve t o  complete the model i n  t h a t  i t  leaves 

p r i ces  and money indeterminate. This r e s u l t  w i l l  r e q u i r e  a modified a n a l y s i s  

t o  der ive,  because such " r u l e s"  are no t  representable i n  the  p o l i c y  space 

(q , f l  ,f,> i n  R 3 .  Consider the  " ru les"  o f  form: 

(32) R t = g o + g i y t - ~ + g z p t - ~ .  

(The indeterminacy r e s u l t  would a l s o  occur i n  any genera l i za t i on  o f  (32) i n  

which mt i s  l ack ing ) .  (32) does no t  spec i f y  corresponding elements i n  t h e  

(q , f l  ,f,) space, because there  i s  no unique transformat' ion f rom 

(gO,gl ,g2) i n t o  (q,fl , f2). Therefore, the so lu t ions  f o r  endogenous 

va r iab les  under the money supply r u l e  (20) cannot be used t o  determine ou t-  

comes under (32). ' 
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Before t u r n i n g  d i r e c t l y  t o  the  problem o f  indeterminacy o f  nominal v a r i -  

ables, i t  i s  worth n o t i n g  t h a t  a k i n d  o f  p o l i c y  i r r e l e v a n c e  cont inues to  h o l d  

t rue .  I n  f a c t ,  ou tpu t  under (32) would be 

(33) y t  = so+Xyt-t+su1t 

(which happens t o  co inc ide  w i t h  the l i m i t  of expression (30) as q approaches 

i n f i n i t y ) ,  an expression devoid o f  the g i s .  

To show t h a t  p t  and mt are indeterminate i n  t h i s  case, i t  s i m p l i f i e s  

matters to  n o t i c e  f i r s t  t h a t  the money demand equat ion, (141, does no t ,  i n  

view o f  (321, he lp  determine p t .  I t  o n l y  determines mt if p t  i s  deter-  

mined by t h e  o the r  equat ions o f  the model. So (14) need no t  be p a r t  o f  t he  

ana lys is  o f  determinateness o f  p r i ces  i f  the s p e c i f i c a t i o n  of " p o l i c y "  i s  

(32). 

Now the  determinacy o f  p r i ces  could be es tab l i shed by demonstrat ing t h a t  

the  t r i a l  s o l u t i o n  of  (26) f o r  p t  i s  unique; t h a t  i s ,  t h a t  the w2,s  are 

f i n i t e  and unique. The r e s t r i c t i o n s  on the r z l s  imp l i ed  by the model can 

be i n f e r r e d  i n  the f o l  lowing way. Equating y:, (1 51, and y:, (17), and 

us ing  (321, 

(34) spt = (do+dgo-~o)+dglyt-1+(d2-X>Yt-t+(~r t - ~ z t ) - d E t p t + l + ( d + ~ ) E t p t .  

Then, s u b s t i t u t i o n  o f  (26>, (291, and (33) i n t o  (34) imp l i es  the f o l l o w i n g  

i d e n t i  t i e s :  

(35) sw20=(do+dlgo-so)-dI (n20 (1+n22)+s0~2  1)+(d1+s)w20 

sn2 l=(d1gl+d2-X>-dl~2 1 ( X + ' ~ 1 2 2 ) + ( d 1 + ~ ) ~ 1 ,  

S W ~  4=-1 

s d 2  5 = 0  

These i d e n t i t i e s  obv ious l y  prov ide unique values f o r  nz3, w z 4 ,  and r25.9 
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However, the t h i r d  i d e n t i t y ,  f o r  nz2, i s  quadra t ic ,  so n,,  can take on two 

d i s t i n c t  values. Th is  nonuniqueness i s  contagious because the  s o l u t i o n  

values f o r  rzO and r2 depend on nz2 . Hence, i t  i s  a l ready c l e a r  t h a t  t he  

model w i t h  (32) does n o t  p lace s u f f i c i e n t  r e s t r i c t i o n s  on the n,,s t o  p rov ide  

determinacy. (However, the s o l u t i o n  f o r  ou tpu t  remains uniquely  determinate. 1 

To s i m p l i f y  f u r t h e r  study o f  the i d e n t i t i e s  i n  (351, consider the  

r e s t r i c t i o n  o f  g2,  which appears i n  the  t h i r d  i d e n t i t y ,  t o  zero. This  

r e s t r i c t i o n  i s ,  i n  view o f  (331, i r r e l e v a n t  f o r  ou tpu t .  Under t he  minimal- 

s ta te- var iab le  approach, t h i s  r e s t r i c t i o n  would be imposed by e l i m i n a t i n g  

p t - l  f rom the t r i a l  so lu t i on ,  so t h a t  nZ2=0, by assumption. Then the  

" s o l u t i o n "  f o r  p r i c e s  i s  

(36) ~ ~ = ( ~ ) + ( d o + d l g o - ~ o ) ~ 0 ~ d 7 ~ y t - l + ~ - ' u l  ~ - s - ' u Z ~ ,  

where the ( m )  symbol i nd i ca tes  t h a t  the i n t e r c e p t  rzO i s  undefined. 

This i n d e f i n i t e  i n t e r c e p t  i nd i ca tes  p t  i s  indeterminate.  

On the o t h e r  hand, i f  the min imal- state- var iab le se t  i s  augmented by 

i n c l u s i o n  o f  p t - , ,  n.,, can take on the values of zero  o r  u n i t y .  I n  the 

former case, (36) i s  again the so lu t i on .  I f   IT^^=^, then the s o l u t i o n  i s  

(37) pt=E(do-so)+dl (go-sogl ) -~ (d2-x )3(2+2d l ) - '  

+Cgl+(d2-X>d;'lyt-i+~t-i+~-~~l t - s - l u z t .  

This so lu t i on ,  having i3pt/i3pt-l=l, imp l ies  a t ime se r i es  f o r  p t  t h a t  i s  

s t a t i o n a r y  o n l y  i n  f i r s t  d i f fe rences .  Nevertheless, t h i s  s o l u t i o n  i s  de ter-  

m i  nate. 

McCallum (1986) shows t h a t  a reduced form f o r  R t  spec i f ied  by (32) can 

r e s u l t  f rom two d i f f e r e n t  money supply ru les ,  one which i s  s t a t i o n a r y  i n  m t ,  

as i n  (201, and one which i s  s t a t i o n a r y  o n l y  i n  f i r s t  d i f ferences,  as i f  m t ,  

the l eft- hand- side v a r i a b l e  i n  (20),  were p r e f i x e d  by the di f ference ope ra to r  
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(1-L). However, i t  could a l s o  be shown t h a t  there  are an i n d e f i n i t e l y  l a r g e  

number o f  money supply ru les ,  i n  h igher  o rder  d i f f e rences  o f  money, t h a t  would 

make R t  behave as s p e c i f i e d  by (321, as the  boots t rap  var iab les  p t - I ,  

p t - * ,  P ~ - ~ , .  . . are al lowed t o  en ter  the s o l u t i o n .  Consequently, as noted 

a t  the s t a r t  o f  t h i s  sect ion,  " i n t e r e s t  r a t e  r u l e s "  do n o t  adequately speci fy  

the p o l i c y  r u l e  and hence f a i l  t o  complete the model. 

I n  summary, e i t h e r  t he re  i s  no determinate s o l u t i o n  f o r  p r ices ,  as when 

bootstraps are  r u l e d  ou t ,  o r  there are an i n d e f i n i t e l y  l a rge  number o f  m u l t i -  

p l e  so lu t i ons ,  i n c l u d i n g  one i n  which the i n t e r c e p t  i s  indeterminate. I t  i s  

hard, indeed, t o  regard these two p o s s i b i l i t i e s  as meaningfully d i s t i n c t .  Any 

behavior o f  p r i c e s  can be cons is ten t  w i t h  the  model under " p o l i c y  r u l e "  (32) 

and r a t i o n a l  expectat ions.  

A n a l y t i c a l  Problems Under A l t e r n a t i v e  In fo rma t ion  Constra ints  

Money supply r u l e s ,  except i n  pa tho log i ca l  cases, leave a1 1 va r i ab les  

determinate. But, f o r  a n a l y t i c a l  reasons, cha rac te r i za t i on  o f  an opt imal  r u l e  

o r  s e t  of r u l e s  i s  d i f f i c u l t  o r  impossible except i n  a  very r e s t r i c t i v e  c lass  

of models, o f  which the Sargent and Wallace model i s  an example. The assump- 

t i o n s  about in format ion cons t ra in t s  on p r i v a t e  agents made p o l i c y  i m p l i c a t i o n s  

easy t o  de r i ve  i n  t h a t  model. A l t e r n a t i v e  i n fo rma t ion  s t ruc tures  i n  which 

p r i v a t e  agents observe c u r r e n t  r e a l i z a t i o n s  o f  var iab les ,  such as R t ,  i n  

forming the  expectat ions o f  the  cur ren t  and f u t u r e  p r i c e  l e v e l ,  can lead t o  

s u r p r i s i n g  i m p l i c a t i o n s  f o r  t he  opt imal p o l i c y  r u l e .  

This p o i n t  i s  n e a t l y  i l l u s t r a t e d  by an i n s i g h t f u l  ana lys is  by Canzoneri, 

Henderson, and Rogoff (1983). F i r s t ,  they simp1 i f y  the s t r u c t u r a l  form o f  the  

Sargent and Wal lace  model by dropping terms i n  y t  - ,  f rom both commodity 

supply and demand func t ions ,  and e l i m i n a t i n g  supply shocks (uzt=O f o r  a11 t). 
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Then they consider a1 t e r n a t i  ve assumptions about pr ivate- agent  use of  the  nom- 

i na l  i n t e r e s t  r a t e .  I f  the  expec ta t ion  of  the  cu r ren t  p r i c e  l e v e l ,  present  i n  

t he  supply f unc t i on ,  i s  cond i t ioned on 

(38) St" = { R t ,  a1 1 lagged r e a l i z a t i o n s  o f  s t a t e  var iab les) ,  

then the  p o l i c y  r u l e  i s  i r r e l e v a n t  f o r  ou tpu t .  I n  t h i s  case, even the  opt imal  

q i s indeterminate!  I n  essence, suppl i e r s ,  whose behavior cou ld  be systemati-  

c a l l y  inf luenced by p o l i c y  o n l y  because o f  contemporaneous p o l i c y  responses t o  

t he  i n t e r e s t  r a t e ,  are able t o  est imate such responses by l o o k i n g  a t  t he  

i n t e r e s t  r a t e ,  and the  market w i l l  t he re fo re  a d j u s t  p r i ces  t o  n e u t r a l i z e  them 

a f t e r  a l l .  

An a l t e r n a t i v e  i n fo rma t i on  s p e c i f i c a t i o n  assumes t h a t  expec ta t ions  of 

t he  r a t e  o f  i n f l a t i o n ,  present  i n  t he  demand func t i on ,  are made w i t h  knowledge 

of the  cu r ren t  i n t e r e s t  r a t e :  

(39) E t ( p t + l - p t )  = EC(pt+ l -pt )  lS:+'I. 

I n  t h i s  case, t r a c t a b i l i t y  requ i res  f u r t h e r  ad hoc and unmotivated r e s t r i c -  

t i o n s  on the pol  i c y  space. I n  the  examples explored by Canzoneri , Henderson, 

and Rogoff ,  e i t h e r  q o r  F i s  r e s t r i c t e d  t o  zero  o r  a zero vec tor ,  respec- 

t i v e l y .  I f  F-0 i s  imposed, as i n  t he  p o l i c y  r u l e  

(40) mt= p - qRt, 

then t h e  expression f o r  the  op t ima l  q i s  the  same as f o r  the Poole model, 

g iven  i n  equat ion (11) .  The o t h e r  example they explore considers p o l i c y  r u l e s  

o f  the  form 

(41) mt= p + f , m t - l  + f 4 R t - l .  

I n  the  l a t t e r  case, Canzoneri, Henderson, and Rogoff  show t h a t ,  if f 3  i s  

r e s t r i c t e d  t o  u n i t y ,  t he  opt imal  f, i s  

( 42 )  f4=l+Cal ( l + a 2 s ) / a l s l C ~ ~ / ~ ~ l ,  

whose s ign  cannot be determined w i t h o u t  f u r t h e r  knowledge about parameters and 
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disturbance variances. 

I n t e r e s t i n g l y ,  the behavior o f  ou tpu t  i s  the same i n  these cases: 

e i t h e r  w i t h  (40) and (ll), o r  w i t h  (411, f,=l, and (42). The r e s u l t i n g  

ou tpu t  var iance i s  probably the lowest a t ta inab le ,  but o the r  po l  i c y  r u l e s  

w i thout  these values o f  q and F are a l s o  l i k e l y  t o  r e s u l t  i n  the same v a r i -  

ance. This case i s  reminiscent  o f  the upper panel o f  f i g u r e  2. 

This example shows t h a t  the opt imal  p o l i c y  r u l e  may n o t  be unique, and 

t h a t  t h i s  c h a r a c t e r i s t i c  may n o t  always be easy t o  discover,  unless the ana- 

l y s t  i s  w i l l i n g  t o  t r y  ou t  many d i f f e r e n t  representat ions,  some o f  which may 

n o t  be obvious o r  i n t u i t i v e .  The r e s t r i c t i o n  f,=l o r  f 3 = 0  has commonly 

been necessary t o  impose even i n  very simple models, w i t h  few behaviora l  para- 

meters and disturbances. l o  And i f  the  supply shock, u Z t ,  i s  re in t roduced 

and au toco r re la t i on  i n  var ious shocks o r  lagged output  terms are al lowed i n  

s t r u c t u r a l  equations, the opt imal  values o f  q and F become hopelessly  ambigu- 

ous. Even t h e i r  relevance o r  i r re levance  and opt imal signs w i l l  depend on t o o  

many p a r t i c u l a r s .  

Although ambigui t ies concerning p o l i c y  e f fec t i vness  a r i s e  f rom genera l i-  

za t i ons  o f  the Sargent and Wallace model, i t  was important i n  d ramat i ca l l y  

demonstrat ing t h a t  r a t i o n a l  expectat ions,  whose imposi t ion was requ i red  t o  

make the conventional IS-LM models cons i s ten t  w i t h  the na tu ra l  r a t e  proper ty ,  

had q u i t e  r a d i c a l  imp l i ca t i ons  f o r  those models, ra the r  than represent ing  a 

techn ica l  advance those models might o r  might no t  u s e f u l l y  incorpora te .  I n  

p a r t i c u l a r ,  previous demonstrations t h a t  convent ional p o l i c i e s  could s t a b i l i z e  

o u t p u t  were found dependent on imp laus ib le  e x p l o i t a t i o n  o f  biased expecta- 

t i o n s .  
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Non-Market-Cl ea r i  ng Model s  

Market c l e a r i n g  i s  the equat ion o f  commodity demand and supply v i a  

adjustments i n  p r i ces  and i n t e r e s t  ra tes .  This assumption has been a t  the  

hea r t  o f  most microeconomic theory, and might be considered the  na tu ra l  mecha- 

nism by which supply and demand are reconci led.  But p r i c e  changes are o n l y  

one conceivable means o f  r e c o n c i l i n g  q u a n t i t i e s  demanded and suppl ied. Many 

economists see the economy as l abo r ing  under cons t ra in t s  t h a t  can be u s e f u l l y  

described as cons t ra in t s  on adjustments o f  p r ices .  As t h i s  c o n s t r a i n t  i s  

imposed on the model , po ten t i  a1 (no t i ona l  demanders and suppl i ers  are  f r u s-  

t r a t e d ,  unable t o  make t ransac t ions  they both des i re  a t  mu tua l l y  agreeable 

p r i ces ,  because t ransac t ions  a t  these pr ices  are r u l e d  o u t .  This  f r u s t r a t i o n  

can be q u i t e  pe rs i s ten t ,  i f  p r i c e  adjustments are slow, causing p e r s i s t e n t  

ou tpu t  f l u c t u a t i o n s .  

This cons t ra in t  cannot be taken l i t e r a l l y .  I t  i s  intended o n l y  as a  

use fu l  representat ion o f  some hard- to- specify problems. I t  i s  n o t  necessa r i l y  

t h a t  agents are somehow forced t o  t ransac t  o n l y  a t  s t i c k y  p r i c e s  o r  t o  s i g n  

con t rac ts  because o f  cons t ra in t s  o the r  than those a r i s i n g  f rom technology o r  

t as tes .  I t  i s ,  instead,  t h a t  aspects o f  technology o r  tas tes  are  no t  ade- 

qua te l y  captured by neoclass ical  product ion and u t i  l i t y  func t i ons .  Then, 

s t i c k y  pr ices  o r  cont rac ts  may help,  o r  r e f l e c t  attempts by, agents t o  o p t i -  

mize. For exampl'e, nominal con t rac t i ng  may r e f l e c t  " techno log i ca l "  d i f f i c u l -  

t i e s  i n  developing c red ib le  Pareto-optimal agreements a r i s i n g  f rom some k i n d  

o f  in format ion,  moni tor ing,  enforcement, o r  coord ina t ion  problems. Fur ther  

work i n t o  the microfoundations o f  " s t i c k y  p r i ces"  may succeed i n  rep lac ing  

p r i c e  adjustment o r  con t rac t i ng  " cons t ra in t s "  w i t h  a  more s a t i s f a c t o r y  

http://clevelandfed.org/research/workpaper
Best available copy



representa t ion  o f  the under ly ing  problems. Analys is  a t  t h i s  deeper l e v e l  may 

show t h a t  the t r u e  cons t ra in t s  a re  poo r l y  represented by present s t i cky- pr i ce  

macroeconomic models. Hence, any p r a c t i c a l  p o l i c y  conclusions o f  present  

models should be regarded as speculat ive.  Also, the  i r o n y  of t r e a t i n g  such 

phenomena as vo lun ta ry  cont rac ts  as a  " cons t ra in t "  prevent ing, ra the r  than 

a id ing ,  o p t i m i z a t i o n  should be noted. 

Proceeding on the  more s u p e r f i c i a l  o r  d e s c r i p t i v e  l e v e l ,  recent  work on 

non-market- clearing models has incorporated r a t i o n a l  expectat ions and imposed 

a  tendency o f  p r i ces  t o  ad jus t  t o  market- clearing l e v e l s ,  a l b e i t  s lowly.  

These two fea tures  have made them cons is ten t  w i t h  the na tura l  r a t e  proper ty .  

Consequently, t h a t  p o l i c y  responses t o  the s ta te  o f  the economy can sometimes 

be e f fec t ive  i n  these models i s  i n t e r e s t i n g ,  and they seem t o  prov ide a  poten- 

t i a l  l y  pursuasi ve negat ion o f  the  f i r s t  proposi t i o n  o f  Sargent and Wall ace. 

Of course, the relevance o f  t h i s  negat ion depends on whether markets 

ac tua l  l y  c l e a r .  Rat ional  expectat ions models w i t h  incomplete in fo rmat ion  have 

a l t e r e d  economists1 views concerning the p l a u s i b i l i t y  o f  the market- clear ing 

assumption. F a i l u r e  o f  markets t o  c l e a r  had o f t e n  been considered apparent 

f rom the slow movements and/or d i s c o n t i n u i t y  o f  i n d i v i d u a l  p r ices .  However, 

incomplete in fo rmat ion  among buyers and s e l l e r s  can lead t o  s lowly  moving 

p r i c e s  under market- clearing, o r  t o  changes a t  d i s c r e t e  i n t e r v a l s  when new 

in fo rma t ion  i s  received.  Skept ic ism regarding market- clear ing had a l s o  a r i s e n  

from the pers is tence o f  above- o r  below-average measured unemployment r a t e s .  

Then again, i t  i s  no t  obvious t h a t  such phenomena r e f l e c t  f a i l u r e  of wages t o  

a d j u s t  t o  c l e a r  " the"  l abo r  market. Labor immobi 1  i t y  and i n t e r i n d u s t r y  l abo r  

demand s h i f t s  can combine t o  c rea te  such f l u c t u a t i o n s ,  even i f  wages are  n o t  

s t i c k y .  And, again, some c y c l i c a l  behavior o f  unemployment could be observed 
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if informat ion problems ex is ted ,  as i n  the Sargent and Wallace model. I n  

short ,  i t  i s  d i f f i c u l t  o r  impossible t o  determine e m p i r i c a l l y  whether observed 

p r i c e  behavior r e f l e c t s  non-market-clearing. The issue may be pu re l y  meta- 

phys ica l .  

Yet, consider the view t h a t  the markets do no t  c lea r .  The i m p l i c a t i o n s  

fo r  pol  i c y  cannot be discovered w i thout  spec i fy ing  the nonprice elements o f  

the mechanism by which the r e c o n c i l i a t i o n  between demand and supply i s  

effected. I n  a p e r f e c t l y  compet i t ive,  many-good economy, i f  the vector  of 

p r i ces  fo r  a l l  commodities i s  somehow no t  equal t o  the vector  (o r  no t  an 

element of the se t  of vectors, i f  nonunique) t h a t  achieves market- clearing, 

outputs and l e i s u r e  w i l l  d iverge f rom a Pareto-optimum. For the economy t o  

ob ta in  such a r e s u l t  would c e r t a i n l y  be remarkable. Hypothet ica l  methods of 

doing so, such as the Walrasian auct ioneer, are l i t e r a l l y  implausib le and 

of ten r i d i c u l e d .  Also, i t  i s  reasonable t o  suppose t h a t ,  i f  exchange i s  vo l-  

untary,  such discrepancies o f  p r i c e s  from the market- clear ing p r i ces  w i  11 

r e s u l t  i n  a s h o r t f a l l  o f  commodity ou tpu t  f rom i t s  Pareto-optimum ( f u l l  

employment?). This i s  because e i t h e r  some marginal s e l l e r s  o r  some marginal 

buyers i n  each good market w i l l  ba l k  a t  the terms o f  exchange, and transac-  

t i o n s  are two-sided. Monetary pol  i c y  can then a f f e c t  the workings of t he  

economy depending on how the r e a l  q u a n t i t y  o f  money appears i n  the product ion  

and u t i  1 i t y  funct ions,  the nature o f  p r i c e  adjustments, and how monetary 

po l  i c y  i s  spec i f i ed .  But adequate models a t  t h i s  l e v e l  o f  g e n e r a l i t y  have n o t  

been constructed and w i  1 1  probably prove e lus i ve .  

A t  a 1 ess general 1 eve1 , non-market-cl e a r i  ng has been coup1 ed w i t h  the  

assumption t h a t  se l  l e r s  s a t i s f y  the demand a t  cu r ren t  p r i ces .  The simi 1 a r i  t y  

o f  t h i s  type o f  model w i t h  the e a r l i e r  IS- LM models l i e s  i n  the demand- 

determi n a t i o n  o f  ou tpu t .  The newer types o f  non-market-cleari ng model s a re  
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d i f f e ren t ,  however, i n  t h a t  they  a1 low p r i c e s  t o  be determined i n  a  manner 

t h a t ,  i n  con junc t i on  w i t h  r a t i o n a l  expec ta t ions ,  a1 lows model cons is tency  w i t h  

t he  n a t u r a l  r a t e  p rope r t y .  I n  p a r t i c u l a r ,  o u t p u t  w i l l  f l u c t u a t e  around a  

" n a t u r a l "  o r  average r a t e  t h a t  i s  un in f luenced  by t he  monetary po l  i c y  r u l e  and 

t h a t  i s  f r e q u e n t l y  supposed t o  be the  optimum o u t p u t  l e v e l .  I n  t h i s  k i n d  of 

model, the  na tu re  o f  p r i c e  de te rmina t ion  i s  c r u c i a l .  

I t  i s  a n a l y t i c a l l y  u s e f u l  t o  d i s t i n g u i s h  between two types of  p r i c e  

adjustment mechanisms: those i n  which a l l  p r i c e s  change i n  each per iod ,  and 

those i n  which some p r i c e s  do n o t  change i n  each per iod .  S t a b i l i z a t i o n  p o l i c y  

appears t o  have 1  i t t l e  o r  no scope f o r  e f fec t i veness  i n  the  f i r s t  case, b u t  i t  

can g e n e r a l l y  be e f f e c t i v e  i n  t h e  l a t t e r .  One i n s t r u c t i v e  example o f  t h e  

f i r s t  type i s  t h e  case f o r  which p r i c e s  a re  complete ly  predetermined one 

p e r i o d  i n  advance. To en fo rce  cons is tency w i t h  t he  n a t u r a l  r a t e  p rope r t y ,  i t  

w i l l  be s u f f i c i e n t  t o  assume t h a t  s e l l e r s  s e t  pe r i od- t  p r i c e s  a t  the  l e v e l  

r a t i o n a l l y  expected t o  c l e a r  t he  market, cond i t i oned  on r e a l i z a t i o n s  o f  

v a r i a b l e s  i n  p e r i o d  t -1 :  

(43) p t  = E t p t ,  

where p r i c e  expec ta t ions  a re  cond i t i oned  on St and p t  i s  t he  s o l u t i o n  t o  

(44) y:(pt, EtM:-'1 = y:(pt, EtM:-', E t P t + l > .  

I n  t h e  l a t t e r  equat ion,  M ' - '  denotes the  minimal s t a t e  vec to r  t runca ted  by 

omiss ion  o f  p t .  By s u b s t i t u t i o n  o f  (15),  (161, and (17) i n t o  (441, and 

u s i n g  (43) and i t s  obvious i m p l i c a t i o n  p t=E tp t ,  i t  can be shown t h a t  

p r i c e s  are determined accord ing  t o  

(45) pt=Etpt+l-EtRt+(so-do)dY1+(1-d2)dY1yt-1. 

Then, s o l v i n g  t h e  system o f  equat ions (71, (14) ,  (15),  (161, (20), and (451, 

and imposing r a t i o n a l  expec ta t i ons ,  i t  can be shown t h a t  o u t p u t  has the  

r e p r e s e n t a t i o n :  
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(46) yt=so+Xyt-l+(q+al )J1u l  ,-dlJlet 

(J1=(al+a,d,+q)-' 1. 

I t  i s  immediate ly  apparent t h a t  f, and f, a r e  i r r e l e v a n t  f o r  o u t p u t  de te r-  

mina t ion ,  i m p l y i n g  t h a t  t h e  f i r s t  p r o p o s i t i o n  o f  Sargent and Wallace ho lds  i n  

t h i s  model. I n t e r e s t i n g l y ,  t he  c o n d i t i o n a l  mean E t y t  i s  determined 

u n i q u e l y  by supp ly  behav ior ,  whi l e  t he  d e v i a t i o n  ( y t -E t y t )  i s  determined 

u n i q u e l y  by demand behav ior ,  and i n  p r e c i s e l y  t h e  same f a s h i o n  as i n  t h e  s t a t -  

i c  IS-LM model (compare equat ions (46) and (9)). The op t ima l  va lue  of q  i s  

g i v e n  i n  equa t ion  (11) .  

A s  f o r  the  second p r o p o s i t i o n  o f  Sargent  and Wallace, inde te rminacy  of  

p r i c e s  and money under an " i n t e r e s t  r a t e  r u l e "  o f  t he  f o rm  ( 3 2 ) ,  i t  m igh t  seem 

t h a t  p rede te rm ina t i on  o f  p r i c e s  would imp l y  determinateness. I t  t u r n s  o u t ,  

however, t h a t  such an i n t u i t i o n  i s  i n c o r r e c t .  The s o l u t i o n  f o r  t h e  p r i c e  

l e v e l  i s  i nde te rmina te ,  as i n  t he  marke t- c lear ing  case, w i t h  one s o l u t i o n  hav- 

i n g  an undef ined i n t e r c e p t ,  and an i n f i n i t e  number o f  a l t e r n a t i v e  s o l u t i o n s  if 

b o o t s t r a p  components a re  n o t  r u l e d  o u t .  The i r o n i c  l a c k  o f  determinateness 

despi  t e  p rede te rmi  n a t i o n  a r i  ses f r om  t h e  f o rwa rd- look i  ng na tu re  o f  expecta-  

t i o n s  i n  t h i s  ( o r  any) r a t i o n a l  expec ta t i ons  model. P r i ces  expected t o  c l e a r  

t h e  market a re  dependent one- for-one on expected p r i c e s  o f  t h e  p e r i o d  a f t e r  

t h a t ,  and so on i n t o  t he  i n d e f i n i t e  f u t u r e .  An i n t e r e s t  r a t e  r u l e  does n o t  

anchor any of these expec ta t i ons .  Th is  indeterminateness a l s o  occurs  i n  o t h e r  

non- market- c lear i  ng models. Indeed, i t  seems a  necessary f e a t u r e  o f  a1 1  

models i n  which r a t i o n a l  expec ta t i ons  p l a y  a  n o n t r i v i a l  r o l e .  1 1  

Another t ype  o f  p r i ce- ad jus tment  equa t i on  i n  which a l l  p r i c e s  change 

each p e r i o d  i s  t h e  f a m i l i a r  p a r t i a l - a d j u s t m e n t  mechanism, 

(47)  ( p t - p t - ,  > = p ( p l - p t - l )  + q t ,  O<p< l ,  

where q i s  a  nonau tocor re la ted  random v a r i a b l e .  McCallum (1978) cons iders  
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this case at length, and finds that, given q-0, f l  and f, are irrelevant 

for output. l 2  Unfortunately, the optimal pol icy rule or, more likely, set 

of policy rules, cannot be adequately characterized, because the ad hoc 

restriction q=O is needed to render analysis tractable. 

In the second set of non-market-clearing models, some prices d o  not 

adjust each period. Fixed-price models were an example treated above. Models 

of staggered, multiperiod contracts are particularly interesting because they 

can simultaneously possess the natural rate property and imply policy effec- 

tiveness, even when the authorities have no superior information. In these 

models, sellers, usually of labor services, agree to accept wages o r  prices 

predetermined for more than one period in advance. 

To illustrate, suppose that the economy comprises two equally numbered 

groups of perfectly competitive firms. In each period, output consists of the 

sum of the outputs of group 1 ,  Y1,, and of group 2, Y Z t :  

(48) Yt=Ylt+YZt. 

Without loss of generality, let group 1 consist of the firms that signed 

contracts at the end of period t-1, t o  remain in effect during period t and 

t+l, while group 2 consists of those whose contracts were signed at the end of 

period t-2, and expire at the end of period t. Wages are set for group i 

based on available information at the end of period t-i. Further assume the 

production function: 

(49) Y ,  ,=ZtN?,, i=1,2, y>O. 

Z is a global productivity variable whose log is z,=k+c,, for some 

constant k and disturbance E, .  The latter is nonautocorrelated and homo- 

scedastic. N is the (unlogged) employment level. In the spirit of the 

contracting models, let the wages contracted for period t by group i equal the 

expected marginal (physical) product times the price level: 
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(50) W ,  ,=E,-, ( Z t y N : 7 - l  'P,), i=1,2, 

where P i s  the unlogged p r i c e  l e v e l .  Firms make output  dec is ions  based on 

contemporaneous knowledge o f  p, W ,  and Z. Then each f i r m ' s  p r o f i t s  are maxi- 

mized by equat ing the predetermined wage w i t h  the ac tua l  marginal (phys ica l )  

product  times the p r i c e  l e v e l  : 

(51 W ,  t=ZtyN:7-1 ) P t ,  i=1,2. 

These two equations, the product ion  func t i on  (49), and the l i n e a r  approxi-  

mation: 

(52) y t= (y i  t+y2 ,) I2 

imp ly  

(53) y t = ~ o + ~ ( p t - E t p t > + ~ ( p t - E t - l p t ) + ~ 2 t ,  

where s=y/2( 1 -y) >0, 

and u ~ ~ = ( ~ - ~ ) - ' E ~ .  

Equation (53) suggests, i r o n i c a l l y ,  t h a t  mu l t i pe r i od  con t rac t  models can be 

represented as a p a r t i c u l a r  k i n d  o f  "genera l i za t ion"  o f  the  Sargent and 

Wallace market- clearing model. 

The design o f  the opt imal  p o l i c y  r u l e  i s  an i n t r a c t a b l e  problem i n  t h i s  

model, unless some ad hoc r e s t r i c t i o n ,  such as q=O, i s  imposed. Nevertheless, 

some c h a r a c t e r i s t i c s  o f  the opt imal  p o l i c y  can be deduced. I n  t h i s  model, as 

i n  t he  Sargent and Wallace model, the choice o f  q t o  reduce ou tpu t  dev ia t i ons  

i s  dependent s t r i c t l y  on the variances o f  disturbances and the s t r u c t u r a l  

parameters 1 i n k i n g  them t o  c u r r e n t  output .  The more i n t e r e s t i n g  proper ty ,  

however, i s  t h a t  f ,  and f2  are  re levan t  f o r  ou tpu t  determinat ion,  u n l i k e  

i n  t he  Sargent and Wallace model. This i s  because f i rm lworke r  combinations 

under the o lde r  cont rac ts  are n o t  making f u l l  use o f  the i n fo rma t ion  s e t  St, 

bu t ,  i n  a p a r t i c u l a r  sense, a re  a c t i n g a s  i f  they knewon ly  S t - l . ' 3  The 

pol icymaker can use the i n fo rma t ion  t h a t  i s  " ignored,"  i n  e f f e c t ,  by the  
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f i rmlworker  combinations w i t h  o l d e r  contracts,  thereby s t a b i l i z i n g  output .  To 

e x p l a i n  simply, consider t h a t  po l  i c y  can in f luence output,  according t o  (531, 

v i a  p r i c e  l eve l  surpr ises  over one- and two-period horizons. Then the r e l e-  

vance fo r  output  o f  f ,  and f, and l i k e  terms i n  the p o l i c y  r u l e  can be 

i n d i r e c t l y  assessed by asking whether output  i s  in f luenced by expected p r i ces .  

I n  f a c t ,  any tendency toward pers is tence o f  ou tpu t  f l u c t u a t i o n s  could be 

e l im ina ted  by a po l  i c y  r u l e  t h a t  made expected p r i ces  vary i n  the f o l l o w i n g  

way : 

(54) Etpt  = E t - l p t  - CX(1-y) /y ly t - l .  

As s ta ted  above, the money supply r u l e  o r  se t  o f  r u l e s  t h a t  e f f e c t s  t h i s  pre-  

determined v a r i a t i o n  i n  p r i ces  i s  d i f f i c u l t  t o  der ive .  

Despite the ex i  stence o f  contracts,  many economists suggest they are  

l a r g e l y  facades. Perhaps they are merely means o f  exchanging in fo rmat ion  

between f i r m s  and workers, bu t  do no t  create undesired f l u c t u a t i o n s  i n  ou t-  

pu t .  Ce r ta in l y ,  i ncen t i ves  e x i s t  t o  e l im ina te ,  o r  a t  l e a s t  minimize, these 

undesired f l u c t u a t i o n s .  Nonprice mechanisms f o r  r a i s i n g  and lower ing r e a l  

wages may, a t  l i t t l e  cos t  i n  e f f i c i e n c y ,  s u b s t i t u t e  f o r  changes i n  e x p l i c i t  

wages. Contract p rov i s ions  regarding overt ime pay, h i r i n g  prac t ices ,  and 

o t h e r  aspects a f f e c t i n g  labor  costs may tend t o  face the f i r m  w i t h  a marginal 

l a b o r  cos t  schedule nea r l y  matching the r i s i n g  d i s u t i l i t y  o f  work. To the  

e x t e n t  these match, l abo r  cont rac ts  are cons is ten t  w i t h  opt imal  ou tpu t  de ter-  

minat ion .  I f  the match i s  imperfect ,  then the opt imal  p o l i c y  w i l l  depend on 

the  d e t a i l s  of the mismatch, how the mismatch i s  a f f ec ted  by the p o l i c y  r u l e ,  

and variances and parameters. While opt imal q, f ,, and fz  w i l l  genera l l y  

take nonzero values, even t h e i r  signs w i l l  be hard t o  assess. 
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Output Versus P r i c e  S t a b i l i z a t i o n  as t h e  Ob jec t i ve  

As exp la ined  i n  t h e  p rev ious  sec t ion ,  the  m u l t i p e r i o d  c o n t r a c t i n g  model 

r e s t o r e s  a  t r a d e- o f f  between o u t p u t  and p r i c e  s t a b i l i t y  somewhat r em in i scen t  

o f  pre-rational-expectations models. Yet, i m p l i c i t  i n  b o t h  t he  c o n t r a c t i n g  

models and t he  Sargent and Hal l ace  model i s  a  source o f  doubt concern i  ng t h e  

re levance o f  t h i s  t r a d e- o f f .  Th is  doubt a r i ses  f r om  r e c o n s i d e r a t i o n  of  o u t p u t  

va r iance  as an adequate r e p r e s e n t a t i o n  o f  the  ob j 'ec t ive.  As mentioned ear-  

l i e r ,  r e a l  bus iness- cyc le  model s  can descr ibe  f l u c t u a t i o n s  i n  o u t p u t  as 

o p t i m i z i n g  responses t o  changing p roduc t i on  o p p o r t u n i t i e s  f a c i n g  i n d i v i d u a l  

agents.  Th is  p o s s i b i l i t y  i s  e i t h e r  r u l e d  o u t  o r  obscured i n  models i n  which 

o u t p u t  i s  demand-determi ned (determined by exogenous spending p r o p e n s i t i e s  and 

monetary and f i s c a l  p o l i c y ) .  

However, i n  t he  models i n  which supply  behav ior  p l a y s  a  n o n t r i v i a l  r o l e ,  

i t  becomes impor tan t  t o  ask what r o l e  p r o d u c t i v i t y  changes p l ay .  For example, 

i n  t he  supply  equa t ion  (53) o f  t he  c o n t r a c t i n g  model, t h e  terms s (p t -E tp t )  and 

s ( p t - E t - l p t )  rep resen t  t he  d e v i a t i o n s  i n  ou tpu t  r e s u l t i n g  f r om  the  

i n a b i l i t y  o f  workers and f i r m s  t o  develop Pareto- opt imal con t rac t s ;  ones i n  

which o u t p u t  i s  determined by t he  app rop r i a t e  marg ina l  cond i t i ons .  L i kew ise ,  

under incomplete  i n f o r m a t i o n  among s u p p l i e r s  t h a t  i m p l i e d  the  aggregate supp l y  

f u n c t i o n  (171, t he  te rm s (p t -E tp t )  rep resen ts  the  d e v i a t i o n  o f  o u t p u t  

f r om  i t s  optimum. I n  e i t h e r  case, t h e  e f f e c t i v e n e s s  o f  t h e  a d d i t i o n a l  con- 

s t r a i n t  on t he  economy t h a t  p reven ts  f u l l  o p t i m i z a t i o n  i s  r e l a t e d  t o  t he  

component o f  p r i c e s  t h a t  cou ld  n o t  be a n t i c i p a t e d  i n  advance. I f  mu1 t i p e r i o d  

c o n t r a c t s  a re  cons idered impor tan t ,  then t h e i r  l e n g t h  w i l l  he l p  determine t h e  

h o r i z o n  over  which p r i c e - l e v e l  u n c e r t a i n t y  should be min imized.  
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The somewhat ironic conclusion i s that mu1 ti period nominal labor con- 

tracts appear to argue even more strongly for price stability over longer 

horizons as a policy criterion, rather than suggesting a policy trade-off 

between output and price stability. In general, it is intuitive that the 

degree o f  efficiency o f  (incompletely indexed) nominal contracts of length n, 

whether for labor, capital, or other factor services, will depend on price- 

level predictability over horizons from one to n periods. At least, this 

statement is obviously true if contracts couple predetermination (or incom- 

plete indexation) o f  nominal factor payments with Pareto-suboptimal demand- 

determination o f  factor quantities, as in the labor contracts supposed empiri- 

cally relevant for unionized firms. 

This conclusion does not immediately provide the optimal policy rule, of 

course, because, at least in the models considered, price-level stabilization 

cannot be perfect. Also, there may be trade-offs between price stabilization 

over various horizons. For example, attempts to return prices quickly to a 

long-established target might clash with the desire to avoid problems under 

existing contracts, which may already reflect the existing deviation of 

prices. The weight to be put on price uncertainty over various horizons will 

depend on the c~nstraints that incomplete information and contracting models 

describe the economy as being under. If both kinds of constraints are rele- 

vant, both kinds of models can contribute to our understanding o f  how monetary 

policy should be designed. 

One "small" change in the models could make the optimal policy virtually 

unambiguous. If the pol icymaker i s a1 lowed to observe the price level p t  

contemporaneously, it can, to any arbi trari ly exact degree o f  accuracy, set it 

on any pre-announced course that eliminated forecast errors over the relevant 

horizons. Such a rule is: 
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(55) mt= p - 8pt, 

where 8 is a positive magnitude large enough to prevent significant price 

movements, but not so large as to imply a contradiction: some deviations in 

prices must be observed in order to practice this policy. 

Even modest measurement and information-delay problems concerning prices 

would seem to call for something less than complete reliance on current 

prices. Then, price stability would be best achieved by some more complicated 

rule, about which there is inadequate knowledge, and about which economists 

with different models could disagree. Nevertheless, consensus among competing 

models on the price-stability criterion is useful in the absence o f  full 

know1 edge or agreement. 

Intertemporal Substitution Models 

The models discussed in previous sections are variants o f  IS-LM models. 

Characteristic o f  these is an asymmetry between agents' behavior as suppliers 

and demanders in the commodity market. This might be rationalized, as imp1 ic- 

itly in contracting models, by inefficiencies on the supply side arising from 

principal-agent problems. But firms maximizing the welfare o f  the representa- 

tive owner-worker would make output respond to (ex ante) real rates of return 

to labor (the variable input). Models in which both supply and demand respond 

to real rates of return are termed intertemporal substitution models and have 

an appealing basis in microeconomic theory. Such behavior would make supply 

behavior symmetric with respect to demand behavior, as in: 

(56) y: = S; + S: CRt-Et(pt+l-pt>l + Xyt-i + uzt. 

Then the classical dichotomy would hold--that is, output would not be influ- 

enced by monetary factors--as shown in the solution for output: 
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A  p a r t i c u l a r l y  i n t e r e s t i n g  aspect  of  t h i s  s o l u t i o n  i s  t h a t  i t  i s  i n v a r i a n t  t o  

t h e  s p e c i f i c a t i o n  o f  expec ta t ions  fo rmat ion ,  so l o n g  as t hey  a r e  formed i n  t h e  

same manner by agents when making supply  and demand dec i s i ons .  

On t he  o t h e r  hand, d i f f e r e n c e s  i n  expec ta t i on  f o rma t i on  a f f e c t i n g  supp ly  

versus demand dec i s i ons  would generate  a  real- nominal  i n t e r a c t i o n .  However, 

some r a t i o n a l e  f o r  such a  seemingly b i z a r r e  double- consciousness among agents 

would be needed t o  p rov i de  p l a u s i b i l i t y .  A l t e r n a t i v e l y ,  some agents may 

possess i n f o r m a t i o n  o the rs  do n o t  have. Var ious forms o f  he te rogene i t y  i n  t h e  

i n f o rma t i on  se ts  a v a i l a b l e  t o  agents ,  St ,  have been used t o  generate  d i s -  

p a r a t e  i m p l i c a t i o n s  f o r  the  op t ima l  p o l i c y  r u l e ;  none appear t o  have genera l-  

i t y .  I n  most analyses, the  p o l i c y  space i s  a r b i t r a r i l y  r e s t r i c t e d  i n  ways 

unmotivated, except  by a n a l y t i c a l  t r a c t a b i l i t y .  For example, p o l i c y  r u l e s  a re  

o f t e n  con f i ned  t o  those p r o v i d i n g  t r e n d- s t a t i o n a r i t y  t o  nominal v a r i a b l e s ,  o r  

r u l i n g  o u t  cyc les  i n  them. A lso,  j u s t  as i n  t he  Sargent and Wal lace model, 

seemingly smal l  changes i n  t he  i n f o r m a t i o n  assumptions can c r e a t e  i n t r a c t a b i l -  

i t i e s  o r  reverse  t he  s igns  o f  op t ima l  p o l i c y  parameters. 

Very r e c e n t l y ,  some deeper a n a l y s i s  has been undertaken o f  t he  micro-  

economic underp inn ings o f  p o t e n t i a l  real- nominal  i n t e r a c t i o n s  i n  i n t e r t e m p o r a l  

s u b s t i t u t i o n  models. Models i n v o l v i n g  a  r e a l  balance e f fec t  can des t roy  t h e  

c l a s s i c a l  dichotomy i n  i n t e r t empo ra l  s u b s t i t u t i o n  models. A rea l- nominal  

i n t e r a c t i o n  a r i s e s  i f  the  t r a n s a c t i o n  se rv ices  o f  money a re  cons idered,  and i f  

demand and supply  a re  d i f f e r e n t i a l l y  s e n s i t i v e  t o  t h e  r e a l  balance and r e a l  

r a t e  arguments. But t r a n s a c t i o n s  se r v i ces  have p layed  l i t t l e  r o l e  i n  t h e  

bus iness c y c l e  models and a re  though t  t o  be e m p i r i c a l l y  un impor tan t  as de te r-  

minan ts  o f  c y c l i c a l  v a r i a t i o n s  i n  o u t p u t .  
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I f  o n l y  the ord inary  weal th (nontransact ions serv ice)  e f f e c t s  o f  r e a l  

money balances on i n d i v i d u a l s '  wealth are considered, the  p o s i t i v e  r e l a t i o n  

between r e a l  var iab les  and money surpr ises disappears. False (bu t  r a t i o n a l )  

i n d i v i d u a l  percept ions o f  h igher  r e a l  wealth, due t o  a  su rp r i se  increase i n  

nominal balances, would have two e f f e c t s  on employment and ou tpu t  t h a t  tend t o  

be o f f s e t t i n g .  F i r s t ,  a  d i r e c t  wealth e f f e c t  increases l e i s u r e  and reduces 

work. But, second, t h i s  e f f e c t  would create an excess demand f o r  c r e d i t  a t  

the  i n i t i a l  (ex ante) r e a l  i n t e r e s t  ra te .  Therefore, a  h igher  i n t e r e s t  r a t e  

i s  necessary t o  c lea r  the commodity market. The e f f e c t  o f  t h i s  h igher  r e a l  

r a t e  on i n d i v i d u a l  decisions i s  t o  increase employment v i a  an in te r tempora l  

s u b s t i t u t i o n  e f f e c t .  (Whether t h i s  r i s e  w i l l  mainly take the  fo rm o f  changes 

i n  nominal ra tes  o r  o f  expected i n f l a t i o n  w i  11 depend, among o t h e r  th ings ,  

upon the p o l i c y  r u l e . )  Barro and King (1984) show t h a t  i f  the re  are no s t o r-  

ab le  goods and u t i l i t y  i s  time-separable, then the wealth and s u b s t i t u t i o n  

e f f e c t s  must i d e n t i c a l l y  cancel,  so t h a t  the c lass i ca l  dichotomy i s  con- 

f i rmed.  Relaxing the assumptions t o  a l l ow  f o r  cap i ta l  goods seems t o  suggest 

r e a l  ra tes  w i  11 respond by l ess  i n  the face o f  i n i t i a l  r e a l  money balance 

changes, imply ing t h a t  ou tpu t  would a c t u a l l y  f a l l  from money increases no t  

perceived by incompletely informed agents. Hence, convent ional s t a b i l i z a t i o n  

p o l i c i e s  are no t  ind ica ted .  

P r a c t i c a l  P o l i c y  Imp l i ca t i ons  

The r o l e  o f  monetary pol  i c y  i n  r a t i o n a l  expectat ions models a r i ses  f rom 

c o n s t r a i n t s  on p r i v a t e  op t im iza t i on  i n  the form o f  incomplete i n fo rma t ion  o r  

l i m i t s  on p r i c e  adjustments. Proper t ies  o f  p o l i c y  r u l e s  t h a t  minimize the 

w e l f a r e  losses associated w i t h  these cons t ra in t s  are very s e n s i t i v e  t o  
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particular aspects of the constraints, about which adequate information is 

unavailable. Also, there are unresolved analytical problems. Thus, the opti- 

mal policy rule is unknown, and probably unknowable. 

A characteristic o f  a pol icy that would be ideal, albeit infeasible, is 

that it would prevent any price expectation errors over relevant horizons. 

Information lags facing private agents and the length o f  contracts would 

largely determine the relevant horizons. Long-term contracts, for example, 

argue for policies that achieve longer-term price predictability. But this 

hypothetical ideal is not entirely feasible, because the pol i cymaker faces 

information constraints regarding current prices. 

The uncertainties and analytical problems in designing an optimal pol- 

icy, however, seem to roughly correspond to the problem o f  designing a means 

of minimizing pri ce-level uncertainty. That minimization o f  price-level 

uncertainty will be a property o f  an optimal policy does not necessarily help 

determine an optimal policy, if prices are not contemporaneously observable. 

However, the price stabi 1 i ty criterion may help rank concrete policy a1 terna- 

tives and evaluate actual policy performance. And, to the extent that the 

price level can be observed by the monetary authorities without significant 

information delays, price stabilization may be considered not only a good 

pol icy but a reasonably specific and practical one. Certainly, it is more 

specific and practical than vague notions that policy should "lean against the 

wind" of undesired output fluctuations. Adequate knowledge does not exist to 

differentiate desirable from undesirable fluctuations, or to know how to off- 

set them. Hence, such a "policy" is too obscure to be a practical, discuss- 

able alternative. 

The major practical alternatives seem to be constant money growth rules 

and predetermined price-level targets. The former have often been chosen over 
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the  l a t t e r  because o f  the supposedly superior r e l a t i v e  c o n t r o l l a b i l i t y  o f  

money. This cons idera t ion  cannot be represented f o r m a l l y  i n  models o f  the  

s o r t  e x h i b i t e d  i n  t h i s  paper and can have l i t t l e  p r a c t i c a l  f o r c e  i n  the cur-  

r e n t  environment, i n  which money stock measurement, o r  even conceptual i za t i on ,  

i s  f r augh t  w i t h  d i f f i c u l t i e s .  

The problems o f  a  po l  i c y  o f  c lose p r i c e  c o n t r o l  a re  made less  formidable 

by r a t i o n a l  expectat ions.  To the ex ten t  t h a t  such a  p o l i c y  i s  p rac t i ced  con- 

s i s t e n t l y ,  p r i v a t e  agents w i l l  tend t o  make dec is ions  t h a t  n e i t h e r  r e f l e c t  

expectat ions o f ,  nor  serve t o  encourage, f l u c t u a t i o n s  i n  p r i ces .  And such a 

p o l i c y  can be p r a c t i c e d  w i thou t  concern f o r  any supposed o u t p u t- i n f l a t i o n  

t rade- o f f .  

Exi  s t i n g  macroeconomic model s  w i t h  r a t i o n a l  expectat ions prov ide 1  i t t l e  

support  f o r  convent ional monetary po l  i c i  es. Output- stabi  1 i z a t i o n  po l  i c i  es are 

n o t  o n l y  extremely d i f f i c u l t  t o  design, but,  t o  t he  ex ten t  t h a t  they are 

" e f f e c t i v e , "  tend t o  i n t e r f e r e  w i t h  the  economy's e f f i c i e n t  responses t o  

changing produc t ive  o p p o r t u n i t i e s .  F i n a l l y ,  p o l i c i e s  n a i v e l y  d i r e c t e d  toward 

i n t e r e s t- r a t e  s t a b i l i z a t i o n  o r  s ta ted  i n  terms o f  " i n t e r e s t  r a t e  r u l e s "  are  

e i t h e r  i n f e a s i b l e  o r  i n v i t e  unknown, and probably undesired, consequences. 
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FOOTNOTES 

1. The l i n e a r i t y  r e s t r i c t i o n ,  here and elsewhere i n  t h i s  ana l ys i s ,  i m p l i e s  a  
general  r e s t r i c t i o n  on u t i l i t y  and p roduc t i on  f u n c t i o n s  and on d i s t u rbance  
d i s t r i b u t i o n s .  For example, quad ra t i c  u t i l i t y  f u n c t i o n s ,  l i n e a r  p r o d u c t i o n  
f unc t i ons ,  and Gaussian d is tu rbances  ( i n  l oga r i t hms  o f  v a r i a b l e s )  may suf- 
f i c e .  Unless t h i s  genera l  r e s t r i c t i o n  i s  upheld, l i n e a r i t y  must be regarded 
as a  l o c a l  approx imat ion.  

2. I f  t h e  r e p r e s e n t a t i o n  i s  n o t  so s e n s i t i v e ,  then i t  i s  considered, accord-  
i n g  t o  a  newer te rm ino logy ,  a  s t r u c t u r a l  model w i t h  r espec t  t o  t h a t  range of 
i n t e r v e n t i o n s .  

3. Because, i n  e x i s t i n g  macroeconomic models, t he  d i s t i n c t i o n  between base 
money and money i s  i r r e l e v a n t ,  t he  term money w i l l  be used here w i t h o u t  l o s s  
o f  g e n e r a l i t y .  See Hoehn (1984) f o r  a  d i scuss ion  o f  some ways i n  which t h e  
d i  s t i  n c t i o n  between base money (ac tua l  l y ,  bank reserves)  and money becomes 
impor tan t  i n  t h e  o p t i m i z a t i o n  problem under a  number o f  i n t e r e s t i n g  o r  h i s -  
t o r i c a l l y  r e l e v a n t  r e g u l a t o r y  and i n s t i t u t i o n a l  frameworks. 

4. Hoehn (1984) dea ls  a t  l e n g t h  w i t h  t h e  d e r i v a t i o n  o f  money supply  f u n c t i o n s  
i n  e m p i r i c a l l y  r e l e v a n t  and r e l a t i v e l y  d e t a i l e d  i n s t i t u t i o n a l  s e t t i n g s .  

5. A c t u a l l y ,  t h i s  assumption was i m p l i c i t  i n  t he  r e d u c t i o n  o f  equa t ion  (1)  t o  
equa t ion  (2 ) .  The requi rement  t h a t  p o l i c y  i n v o l v e  an abso lu te  commitment t o  a  
t ime- cons is ten t  r u l e  i m p l i e s  a  r e s t r i c t i o n  on t he  p o l i c y  space cons idered.  
The u n r e s t r i c t e d  p o l i c y  space i s  (Q X F) X T, where T i s  t h e  i n f i n i t e -  
d imensional  t ime  v e c t o r .  The p o i n t  (Q,F) cou ld  be s p e c i f i e d  f o r  each p e r i o d  
o f  t ime.  Indeed, t he  op t ima l  p o l i c y  would i n v o l v e  a  s p e c i f i c a t i o n  o f  (Q,F) as 
a  f unc t i on  o f  t ime,  where t h a t  f u n c t i o n  depended on t h e  i n i t i a l  c o n d i t i o n s .  
But,  i n  subsequent per iods ,  t he  i n i t i a l  c o n d i t i o n s  would change i n  a  way t h a t  
can p a r t l y  be p r e d i c t e d  on t h e  bas is  o f  t h e  c u r r e n t  s t a t e .  Then i t  w i  11 be 
op t ima l  t o  make a  new s p e c i f i c a t i o n  o f  (Q,F) as a  f u n c t i o n  o f  t ime.  But  
agents,  under r a t i o n a l  expec ta t ions ,  w i l l  expect  t h i s  r e p l a n n i n g  and t a k e  i t  
i n t o  account, r e n d e r i n g  una t t a i nab le  t h e  macroeconomic outcome env is ioned  when 
t he  (Q,F> as a  f u n c t i o n  o f  t ime  was o r i g i n a l l y  s p e c i f i e d .  Then, the  usua l  
methods o f  a t t e m p t i n g  t o  determine the  op t ima l  po l i cy- - opt ima l  c o n t r o l  
theory- - are i n a p p l i c a b l e .  Here, a t t e n t i o n  i s  r e s t r i c t e d  t o  p o l i c i e s  t h a t  a r e  
t ime- cons is ten t  and must be chosen p r i o r  t o  obse rva t i on  o f  t he  i n i t i a l  cond i-  
t i o n s .  The a s t u t e  reader  w i l l  no te  the  i r o n y  t h a t  t he  lack o f  a  c o n s t r a i n t  on  
po l icymakers  t o  precommit reduces t he  p o l i c y  space ove r  which a n a l y s i s  need 
search f o r  an optimum. Th is  p rov ides  another  example o f  t he  way i n  which 
r a t i o n a l  expec ta t i ons  poses new a n a l y t i c a l  issues.  

I n c i d e n t a l l y ,  t h e  op t ima l  values o f  q  and F cou ld  va r y  over  t ime  w i t h o u t  
i m p l y i n g  t ime i ncons i s t ency ,  i f  the  model i s  mod i f i ed  i n  c e r t a i n  ways. For  
example, i f  t h e  s t r u c t u r a l  parameters were known, nons tochas t i c  f u n c t i o n s  of  
t ime,  then a  precommi tment t o  f i x e d  paths f o r  q t  and F t  would g e n e r a l l y  be 
app rop r i a t e .  If parameters were s u b j e c t  t o  s t o c h a s t i c  v a r i a t i o n ,  and agents  
lacked  p e r f e c t  f o r e s i g h t  r ega rd i ng  such v a r i a t i o n ,  then t h e  op t ima l  p o l i c y  
would i n v o l v e  precommitment t o  a  r u l e  f o r  changing q t  and F, i n  response 
t o  a v a i l a b l e  i n f o r m a t i o n .  F i n a l l y ,  i f  s t r u c t u r a l  parameters a re  unknown, b u t  
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agents, i n c l u d i n g  t h e  p o l  i cymaker, a re  capable o f  adap t i ve  l e a r n i n g  behav io r ,  
then t h e  op t ima l  p o l i c y  again  i n v o l v e s  a precommitment t o  a r u l e  f o r  changing 
q t  and F,. (Some p o t e n t i a l  problems o f  model nonconvergence a re  here 
ignored. )  Hence, t h e  i d e n t i f i c a t i o n  o f  t ime  cons is tency  o f  a p o l i c y  w i t h  t i m e  
constancy of  q and F i s  s p e c i f i c  t o  t h e  c l a s s  of models examined i n  t h i s  
paper, whi ch impose s t r u c t u r a l  parameter constancy and parameter c e r t a i  n t y  for 
convenience. I n  genera l ,  t ime constancy o f  q and F i s  s u f f i c i e n t ,  b u t  n o t  
necessary, f o r  t ime  cons i  stency o f  po l  i c y .  

6. Boo ts t rap  components i n  pt-,, p t  -,,... a re  o m i t t e d  i n  (26).  Th is  
omiss ion i s  inconsequen t ia l  f o r  s tudy o f  t he  behav io r  o f  y o r  t he  i r r e l e v a n c e  
of F. Such boo t s t r aps  would ma t t e r  f o r  p r i c e  behav io r ,  as discussed l a t e r  i n  
t h i s  s e c t i o n .  

7. I n c i d e n t a l l y ,  preannounced changes i n  f i s c a l  p o l i c y  are e f f e c t i v e  i n  non- 
IS-LM models, such as t he  i n t e r t empo ra l  s u b s t i t u t i o n  and r e a l  business c y c l e  
models w i t h  r a t i o n a l  expec ta t ions  and incomplete  i n f o rma t i on .  Indeed, i n  
these models, changes i n  taxes o r  spending programs may have even l a r g e r  
e f f e c t s  on p r i v a t e  agents i f  t h e  l a t t e r  have t ime t o  p l a n  t h e i r  responses to  
t he  changes i n  i n c e n t i v e s  i m p l i e d  by f i s c a l  p o l i c y  changes. 

8. Sometimes, s o l u t i o n s  under (32) a re  taken t o  be t h e  l i m i t i n g  cases of  
express ions f o r  t he  s o l u t i o n s  under (201, as q approaches i n f i n i t y .  The 
mathematical  concept o f  a 1 i m i  t i s app rop r i a t e  t o  use when t he  va lue  o f  a 
f unc t i on  i s  unde f ined  a t  some p o i n t  i n  t he  range and values a r b i  t r a r i  l y  c l o s e  
t o  t h a t  p o i n t  a r e  o f  i n t e r e s t .  Un fo r t una te l y ,  i t s  use cannot be f o r m a l l y  
j u s t i f i e d  as r e p r e s e n t i n g  the  va lue  o f  t he  f u n c t i o n  a t  t h a t  ve r y  p o i n t  i n  t h e  
range, i f  t h e  va lue  i s  undef ined there .  I n  t h e  case a t  hand, i f  q were 
a c t u a l l y  i n f i n i t e ,  r a t h e r  than a r b i t r a r i l y  l a r g e  i n  magnitude, then a money 
supply  f u n c t i o n  such as (20) would n o t  e x i s t .  Hence, any s o l u t i o n s  d e r i v e d  
us i ng  (20) would be i r r e l e v a n t ,  and t h e  l i m i t s  o f  such express ions as q 
approaches i n f i n i t y  cannot be regarded as outcomes under an " i n t e r e s t  r a t e  
r u l e . "  As noted, o t h e r  ana l ys t s  have n o t  taken t h i s  v iew, and indeed do 
analyze an " i n t e r e s t  r a t e  r u l e "  as a l i m i t i n g  case o f  a money supply  r u l e ,  as 
q approaches i n f i n i t y .  Th is  d i f f e r e n c e  o f  v iew leads t o  some r a t h e r  s u b t l e  
d i f f e r e n c e s  o f  i n t e r p r e t a t i o n .  I n  p a r t i c u l a r ,  McCallum i n t e r p r e t s  h i s  r e s u l t s  
(1981) as t h a t  i n t e r e s t  r a t e  r u l e s  a re  f e a s i b l e ,  b u t  o n l y  as l i m i t i n g  cases of 
money supply  r u l e s .  Fu r t he r ,  these money supply  r u l e s  a re  n o t  unique 
(McCallum C19861), hence t he  assoc ia ted  i n t e r e s t  r a t e  r u l e  i s  n o t  an adequate 
s p e c i f i c a t i o n  o f  p o l i c y .  My i n t e r p r e t a t i o n  i s  t h a t  " i n t e r e s t  r a t e  r u l e s "  a r e  
n o t  a c t u a l l y  p o l i c i e s ,  b u t  mere ly  r ep resen t  outcomes f o r  the  i n t e r e s t  r a t e  
t h a t  occur  under (nonunique) money supply  r u l e s ,  where o n l y  t he  l a t t e r  a r e  
adm iss i b l e  po l  i c i e s .  These d i f f e rences  i n  i n t e r p r e t a t i o n  a re  p robab ly  w i t h o u t  
p r a c t i c a l  s i g n i f i c a n c e  f o r  two reasons. F i r s t ,  e i t h e r  i n t e r p r e t a t i o n  recom- 
mends po l  i c y  r u l e s  t h a t  i n c l u d e  m t  as an argument, t h a t  i s ,  money supp ly  
r u l e s .  Second, an op t ima l  p o l i c y  would g e n e r a l l y  have a f i n i t e $  non-zero 
va lue  o f  q even i f  determinacy were n o t  a t  i ssue .  I n  o t h e r  words, po l  i c i e s  
t h a t  comp le te ly  predetermine money o r  i n t e r e s t  ra tes- - of ten descr ibed  as 
p o l i c i e s  u s i n g  money o r  i n t e r e s t  r a t e  " ins t ruments u- - genera l l y  a re  subopt imal  
as l o n g  as t he  po l  icymaker can observe bo th  contemporaneously, even as i de  from 
problems o f  determinacy.  
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9. To avo id  inconsis tency,  i n  the fo rm o f  two d i f f e r e n t  values f o r  a,,, 
go and g1  must obey: go=sodo(dlgl+d2-X>+dl ( 1-X)(do-sold--1 I-'. 
This r e s t r i c t i o n  e s s e n t i a l l y  ensures e q u a l i t y  between the  average r e a l  r a t e  o f  
i n t e r e s t  and the  na tu ra l  r e a l  r a t e  o f  i n t e r e s t ,  determined i n  the  commodity 
market. 

10. Goodfr iend (1985, 1986) considers a p o l i c y  space i n  which f, i s  n o t  
constra ined i n  t h i s  way. 

11. "Rat ional  expectat ions models" i n  which p r i c e s  are exogenous are conceiv- 
able. Expectat ions would then be e f f e c t i v e l y  exogenous as we1 1, hence 
anchored. Other examples o f  r a t i o n a l  expectat ions models w i thou t  the i nde te r-  
minacy problem may o r  may no t  e x i s t ,  b u t  a re  unl  i k e l y  t o  have the  n a t u r a l  r a t e  
p roper ty  o r  o t h e r  acceptable microeonomic imp l i ca t i ons .  

12. Nominal indeterminacy under an " i n t e r e s t  r a t e  r u l e "  could a l s o  be shown 
to be a fea ture  o f  t h i s  model. 

13. The m o d i f i e r  " i n  a p a r t i c u l a r  sense" i s  inc luded because f i r m l w o r k e r  
combinations which determined ou tpu t  i n  a P a r e t o- e f f i c i e n t  manner, sub jec t  t o  
the c o n s t r a i n t  t h a t  they could no t  observe St, would no t  behave i n  q u i t e  the  
same manner as i n  the nominal c o n t r a c t i n g  models, which i m p l i c i t l y  assume 
Pare to - i ne f f i c i ency .  
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