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IIAUC,I"IENTED INFORMATION IN A THEORY
OF AMBIGUITY,  CRED]BIL ITY AND INFLATIONI I

by

Nathan Bal-ke

and

Joseph H.  Haslag

The pa per exanines the phenomenon of 'rFed Watching" within the context of a
nacroecononic pol icy game. Unl lke prev lous pol icy gane models,  j .nd lv lduals
are a l lowed to acqui re in format ion about  noneNary growth in  addlo ion to lhe
hls tor ica l  data.  Agentrs  decls lons ape based on the oppontuni ty  coBgs of
resources expended !o augnent theirl lnformatlon set. Incorporated into lhe-Cuikerman 

and Mel tzer  model  of  asymmegplc ln forma| ion,  lhe publ ic 's
opt imlz lng behavior  nakes Nhe agenl rs  in format lon set  a sUra0egic var labLe.
In bhis  set t lng,  i t  ls  shown that  ind iv iduals  s t rategic  behavior  can
inftuence lhe moneiary authoriLyts strategy with respect Uo nonelar"y gnovrih

-  conLro l .  F l r t ,her ,  the pol icymaker s t rabeglcal ly  chooses the conl ro l
varialtce of money Srowt,h to lnfLuence agentrs i nformal lon-see kj.ng behavior.

Keywords:  endogenous in formal ion,  asynmeir ic  in fornat lon,  t ime
lnconsis tency,  credj .b l l igy r  po l icy games,



Sect lon 1:  In t roduct  i  on

The t ine consis tency problen involves the publ lc  forming expectat ions

of  noney growth pr ior  to  Lhe monetary author i ty ts  implementat ion of  pol icy,

Even though agenLs form expectat ions rat ional ty ,  1 .e.  use a l ] -  aval lab le

lnfornation, lhe lack of pre-commi tment on the part of lhe policymaker

al lows eurpr ise money growth to be possib le.  Kydland anO Prescot t  (1977)

first descnibed bhe natu.r"e of this policy game and nunerous auLhors have

extended thei r  analys is .  The pr inary d i f ference in  lhese ex lensions of

Kydland and PrescotL is  the Creatment  of  agents '  in format lon sets.  In  Barro

and Cordon (1983) ,  agents k : row the prefenences of  the pol icymaker,  whi le  in

Rogof f  (1985) ,  agents know pol icymaker preferences,  but  do not  obseFve.  the

productiviEy shocks llIlt j.l after expectalions have been set. Several authops

have examined models of  as ymmetrL c , . ln fornai  ion .  In  Canzoner i  (1985) ,  agents

do not know t.he rnoneLary authorityrs forecast of money demand shockg. In

B a c k u s  a n d  D r i f f  j . 1 1  ( 1 9 8 5 ) ,  B a r r o  ( 1 9 8 6 ) ,  a n d  C u k i e r m a n  a n d  M e l t z e r  ( 1 9 8 6 ) ,

agents do not lfioH the pneferences of the monelany authorlty, so they nust

use past observatlons of money growth to infer policymaker preferences. In

a l l  o f  these papers,  the pubLic 's  rat ional  forecast  is  based on

predetenrn ined ,  f lxed in formal i .on set .

This  pa per  considers an ex iension t ,o  t ,he typ icaL macroeconomic pol icy

game by a1loH j .n  g. .a  gents to  r raugment , r r  the i r  in format ion set .  ThaC ls ,  a l lou

the ln fornal j .on set  to  be a choi .ce vaniable.  Darby (1926)  anaLyzed the

opLi rnaL choice of  cost , ly  in forrnat ion in  a genera l  contex! .  Here we

al low agents to  expend resources to acqui re j .n forna. t ion l rh ich lmprove Lhel r

forecasts of noney growth. We are attempting t,o captu.re the phenomenon

ofLen descr ibed as "Fed Watchlng"  uhere agents expend resources to Saln



lns lght  in to Lhe act j .ons of  the monetary author l ty .  The model  of  Cukierman

and Mel tzer  (hereaf ter  C-M) prov ides a f r  arnewor k  which is  easl ly  nodl f led go

analyze the effects of Fed waLchlng,

The paper j.s organized as follows, SecLion 2 introduces the notion of

augnented ln fornat ion sets in to a s imp. le  s tat ic  f ranewor k .  The staLlc

vers ion j .s  charac ler ized by preference shocks that  are ser ia l ly

uncorre lated.  Represenl ing the pol icy game in th ls  mannef  h ighl tghfs Lhe

agentrs  a l lbcat ion probtem. Sect ion 3 considers the agentrs  choice of  the

opt imal  ln fornat ion set ,  in  lhe Cuklernan and Mel tzer  asymmetr ic  in fornat ion

nodel .  Wi th ser la l ly  corre lated pol tcymaker preferences and posi t ive

nonetary contnol  var iance,  agents mus!  declde how to weight  past

observatlons and currenl infonnation purchases lrhen forning expectatj.ons.

Secl ion 4 examines how agentsr  opt imal  choice of  a  forecasi  er ror  var iance

reacts to  changes ln  monetary conl ro] -  vaniance;  and how the mone|ary

aut 'hor i tyrs  opclmal-  contro l  vaf iance reacts to  changes in  the publ icrs

fonecasL error  var iance.

Sect ion 2:  Ser la l ly  UncorreLaLed Preferences

In fonmulat ing po] lcy,  lhe monetary aut ,hoFi ty  ls  v iewed as being

subJect  t ,o  vanious pol i t ica l  and socia l  forces.  The impact ,  o f  these forces

Ls nani fesLed as. .changes in  pol icymaker t r  pn eferences .  r t  t rPreferencesrr  refer

to the weight  pol lcymakers ptace on st inuLat lng economlc acLlv l !y  vepsus

cont , ro l l ing j .n f la t lon.  The monetary authoni ty  possegses exc lus j .ve

infornaclon abouL lhe true value of the weighling p-arameter. The presence

of aaymmetnlc lnformation increases the incent,j.ve of the pollcymaker to

avoid pre-comni  tnen t ,  to  a rate of  monetany growth.



f  ^ t r  6  . 1 6 c ^ F i  h i  - -  + r. - , . .6  ,he object ive funct iong of  lhe monelary author j . ty  and

(a representauive agen0 of )  the publ ic ,  we need to out l ine the st ructure of

the pol icy game and make the sequence of  events expl ic i t .  F i rs t ,  a

pol icymaker preference shock occurs.  The exact  nature of  th is  shock is  the

pr ivate in format lon of  lhe monetary author i ty .  The publ ic  forecast ,s  lh ls

preference shock;  the r rqual igyn of  th ls  forecas!  depends on lhe level  o f

resources devoted to t rnoniuor lng the monetary author i ty .2 Based on an

infornatj.on set t'augmenled" by Fed watching, the public t.hen forns

expec0ations of the preference shock and future money gFol,Jth. Finally, the

pol lcy laker  chooses the rate or  money growth tak ing agentrs  expecLat lons as

gi ven .

The pol icymaker 's  object ive is  to

( 1 )  m a x  r  g 1  [ [ m  -  E ( n  l r  ) t  n  -  ( ^  \ 2 r
i  

- \ , , , i t , i . / J  ^ i  , * . r , 2 ] ,

! , , h e r e  n -  d e n o i e s  r n o n e y  g F o w t h ,  E ( r n . l I . )  i s  t h e  D  h l  i o i s .  f n p a n z s f  ^ f  m
r  " '  t '  t

Biven the in format , ion seL I r ,  and g denotes the rate of  d iscoun! .  The

var iable x .  re f rects  the por icymakerts  preferences for  s t imulac ing economlc

acl iv l ty  through surpr ise noney growth re lat ive t ,o  contro l - l lng in f la t ion.

As x1 increases,  t ,he pol icymaker is  wi l l ing to  bear  a h igher  rate ln f la t , ion

in order  t ,o  fur ther  s t lmulate economic aet iv i ty .  Because we assune that

preferences are no!  ser ia l - Iy  corre lated,  the monetary author iby takes the

pubLicts  current*  and future forecasts of  money growth as g lven.  Since

future expectat ions are j .ndependen!  of  lhe rnonet ,ary author i t ,y 's  currenl

acLlon,  the monetary author i ty ts  maximizat ion problem can be reduced Lo the

one peniod maxlmizacion problem descr ibed by

(1a )  rnax  [ rn i  -  n (mr l r r )Jx ,  -  ( r r )2zz



Equat ions ( l )  and (1a)  i rnpry Lhat  non-zero noney growth has a negat ive

impact  on the nonetapy aulhor i tyrs  ut , i l i ty ,  but  that  surpr ise money growlh

has a posi t ive lmpacL.

It is assurned that x- is random and is descrj.bed by

( 2 )  x t  =  A  +  v . .

Pol icymaker preferences are on average A,  and the vaniable v .  is

independent ly  and ident ica l ly  d is t r ibuted wi th mean zero and uu" i "n""  o3,3

Maximiz ing (1a)  wi t ,h  respecN to mi  y ie lds

( 3 )  m  =  x  =  A  +  v . ,' - i  " i  - '  
i

Accord lng to equat ion (3) ,  g f re se lect ion of  the rate of  money gpowth depends

dipect , ly  upon the reLaLive impor lance of  sL imulat lng economic act iv i ty

versus cFeat ing addi t ional  j .n f la t ion.  Note that  in  lhe absence of  any

publ ic  in format ion abou!  v .  the expected money growth rate is  e qual  Lo A.

In a s tandard t i .ne consis tency node] ,  the publ ic  sets  expectat ions

glven an lnforrnalion set tha! includes a conjecture of poi-icymaker

preferences, Hor.rever, we allow agenLs to augnent their informacion set by

expending resources. Thls permits the public to get an idea of what t.he

pol icymaker rs contemporaneous preference shock is. The pub.lic chooses tne

level  o f  regources !o expend in  an at tempL to n in j .mize unant ic ipated on

trsurpr isen money-"creaL j .  on .  For  lhe sake of  s j .mpl lc i ly ,  we assume that  t ,he

publ ic  consls ts  of  a  se!  of  ident icaL ind j .v iduals .  Consequent ly ,  the

publ lcrs  problem nay be CreaLed f ron lhe perspect ive of  a  repnesenLat ive

4
agenE.

Pormal ]y ,  the repregencal lve agentrs  behavj .or  1s characuer ized as



m a x  ^ t  t  t -  ,  2 , - , t ?  ^ ,  2 ,
\ e /  ^ -  r , l ( m J  -  E L m . l r = ( o _ ) - 1 ,  I  -  c ( 0 - , J .I  -  I  1 '  I  e  -  e

o"

)
I . (o - )  represents  the  in fo rmat , ion  se t  f ron  hrh i  ch  agenLs fo rm the i r

6
expeccat j .ong. -  Th is  in fo rmat ion  se t  cons is ts  o f  knowledge o f  the  genera l

mot iva t ion  o f  the  monetary  au thor i l y  ( i .e .  knowledge o f  the  func t iona]  fo rm

of  lhe  monetary  au thor i ty ' s  max imizaL ion  prob len  and tha t  m-  =  x i ) ,

knowledge of the distr lbut i .on of  nonetany author i tyrs O""rui"n"""  (1.e.  x,  =

A  +  v r ,  E (v . )  =  0 ,  and  Var (v , )  =  o1 l  ,  and  an  esL inaLe  o f  t he  con tempopaneoug
I  I  i  v "

pol lcymaker preference shocX,  v f .  This  est imate has the fo l lowing
I

proper t ies I

rtv, - vlJ = o, E[(vi - ,lt1 = 
"f,,

niv!(v,  -  
"?) l  

= e,  e[vr(v i  -  u! i l  = o! ,  'no

E[v . (v .  -  r i l t  =  0  fo r  i  *  i .

Thus, the publ lcrs est imale of

2var lance oI 0e.

The publ j.c can impFove its estimate of the pneference shock by

expending resources on in fornaLj .on acquis i t ion.  C(o^2)  is  the anoun!  of

resources expended to get  a forecasE of  Lhe pol icymaker 'g  preference shock

2 ? 2
of  qual i ty  o- .  The proper t ies of  o-  are:  C,  < 0,  Cu > 0,  C(o l )  = 0,  and

C(0)  = - ,  The nore resources devoted to uncovening ghe monetary author i ty ,s

preferences t , t le-  bet ten is  the publ lcrs  est imate of  the preference shock,

2
i .e . '  lower o- .  I f  no resources are expended then agents wi l t  have no

lnformation about the contemporaneous preference shock aslde from l()owledge

o f  i t s  d i s t r i b u t i o n ,  t . " . ,  o j  =  t 1 .  T h l s  1 s  t h e  s L a n d a r d  a s s u n p l i o n  o f

a l l  o f  the o ihen asymmetr lc  in format lon macropol icy games.  However,  in  our

model  agents can lmprove t ,hetn es l ina le of  the preference shock by

the preference shock is unbiased and has a



increasing the amount resources devoted to moniioning Lhe nonetary

author l ly ,  and i f  an in f ln l le  amount  of  resources are expended the publ ic

wi l l  h : lo t {  the pol icymakerrs t rue preferences wi th cer ta inty ,

Given an est j .na le of  the pol lcymakerts  preference shock of  qual i ty  of

and based on the other  readi ly  avai lab le in forrnal lon,  expected money growth

S u b s l l t u L l n g  ( 3 )  a n O  ( l )  t n t o  ( 4 ) ,  w e  f i n d  L h a t  L h e  p u b l i c , s  p r o b l e m  i s  t o

nax .  2  2(6)  ' ; -  r  -  n [ (v i  v ] ) - l  -  c (o i )  ] ,
oe

which is  equiva lent  to

m a x  .  2  ^ , 2 ,( o a , l  
2  t  -  o e  -  u ( o e , ,  J .

o ^

The f  j . rs t ,  onder  condl91on for  an j .n ter ior  so lut ion impl ies that  the opt imal

deSree of  forecasi  accuracy,  o"2* ,  
" i11 

sat is fy

2
( T )  C , ( o _ x )  =  _  t .e

From equat ion (7)  anO the second order  condi t ions,  1 l  ls  obvlous lhac

anything lhau increases the rnarginal cost of monitoning the monetary

a u t h o r i t y  ( i . e - . ,  m a k e  C ' ( o f )  r n o r e  n e g a t i v e  o n  a c ' ( o ! ) z a u  <  o ,  w h e r e  uE e

denobes an anbi t rary cost- increasing parameLer )  causes the publ ic  to  acqui re

forecasts Nhat  are Less accurate {o j  n isn"") .6

We can evaluate how the publ ic is  abi l i ty  to  ionecasL lhe pol icynaker 's

pneference shock changes ihe pol icymaker 's  expected u l i l i i l i .  From equaLiong



( l a ) ,  ( 3 ) ,  a n d  ( 5 )  w e  f i n d  t h a t  e x p e c t e d  u t i t i t y  o f  t h e  m o n e t a r y  a u t h o r i t y

i.s

E[(A + v i  -  a  -  u l l t l  ,  ur )2/z ]  = o!  -  
" f ; r ,  

-  ozrz.

Equation (8) suggests that a better forecast of pol icymaker preferences

reaulbs in  Lower expected ut i l i ty  for  the monetary authoni ty .  I f  lhe pubLic

has a c learer  p ic l t re  of  the object ives of  the monetary.author i ty ,  then i t

1s much mone d l f f icu l t  for  the monetary author i t ,y  to  generate surpr ise rnoney

growth.  Consequent l -y ,  the monetary author i ty  may have inceni ive to  naise

the publ ic ts  costs of  obta in ing fopecasts and as a resul t  increase o j .  I f ,

as in  the analys is  of  Barro and Gordon (1983) ,  agents have per fecL

i .n fornat  ion about  the preferences of  the monelary author i ty ,  i .e . ,  o i  = o,

expecLed ut i l i ty  is  -  o j  -  n?/2.  I f ,  as in  the C-M analys is ,  agents have no

knouledge about  lhe contemporaneous preference shock,  i . " , ,  
"3  

= 
"1,

7 2
expected uLi l l ty  is  a- /2 -  A- /?.  I f  po l icymakers fo l lowed t ,he money growth

ru le,  t i  =  0,  then expected ut i l i ty  is  zero.  Thus,  when the publ lc  is

1e9s in formed,  pol icynakers are more l ike ly  to  prefen d iscret lonary pol icy

than to be bound by a rule.

Sect ion 3:  Ser ia l ly  Corre laLed preferences and ImperfecL Contro l

We now introduce t,he coneept of augmenged infornation inlo lhe C-M

model .  Thei . r  model  is  s imi l -ar  !o  the one above excepL lha i  lhe shocks to

t ,he monetary aut .hor iCy,s preferences are ser ia l ly  corre lated.  Beeause

agents canno!  observe ihese prefenences d i re c  t l -y  , .  t ,he y  use real izat ions of

past  noney growlh t .o  form expectat lons of  the rnonetary authoFi tyrs  curpenl

preferences.

( 8 )



Pol icyrnakers har /e the same object ive as equat ion ( ' l )  above,  excepL

current  money groHth rates wi lL  now afrect  fu ture expeccaLions.  However,

the moneLary auLhorlty has imperfect, control- over money growth. AcLual

noney growch ls glven by

( 9 )  m .  =  m l  +  v i .

rnl  is planneo money growth and v1 is a conlnol  error.  Vi  is i . i .d.  wi th

mean zero and variance oi. Policymaker preferences are given by

(10 )  x r=1+p r ,  A )0 ,

and

(11 )  p t  =  pp i_1  +v . , 0<p<1 .

Llke lhe analys is  above,  v .  is  i . i .d .  wi th  mean zero and var iance o i .

In C-M, the infornallon set of the pub.lic consi.sts of al-l past

Pealizations of actual money growth, lalowLedge of the parane|er A, knowledge

of  the d is t r ibut ions of  v .  and Vi ,  and a consis tent  coniecture of  Lhe

noneLary aut ,hor i tyrs  p lanned money groHth.  This  conjecture is  g iven by

( 1 2 )  m P = B ^ A + 8 p . .
1  U  ' 1

Agenls know B^,  A,  and B,  but  do not  know p. .7 Hene,  we a l low the publ  j .c  to
U I

augment  th is  in forrnat ion set  by a l locat ing resources in  order  to  uncover  the

monelary authdr i tyrs  preference shock,  As a resul ! ,  agents get  an es l lnate,

e - e
v l  ,  o f  the conLempopaneous pFefenence shock v. .  The proper l ies of  v f  and r ' ,

are g iven above.  The publ - ic  can lmprove th is  est i .mate,  i .e . ,  lower o^2,  by

corunlLt , ing more pesources Lo monl to i ing the monetary auLhor iLy.  Thus,  the

publ ic  when fonming thei r  expecbat ions of  current  money growth knows a l l

past ,  neal izat lons of  ac iual  money growth,  and has est i .males of  current  and



pasl preference shocks along with loowledge of lhe properties of these

est ina les.  Not ice lhat ,  agents are uncer ta in about  Lhe pol l .c)4naker is  present

at rd pas!  preferences,  p i_ j ;  they nus!  l ry  to  in fen the preference shocks

using past realizations of money groert,h and current and pas! estimates of

the preference shoc ks .

FolLowlng C-Mrs anafys is ,  we der lve ihe pubLic 's  condi !1onal

expectat j .on of  money growlh.  Fnom equat ions (9)  and (1.a) ,  the publ icrs

conjeclure of actual money growth is

( 1 3 )  t l  = B O A + B p .  + y r .

Glven the publ icrs  ln format ion set ,  expected money growLh is

( 1 l r )  r t n . l r . ( o z . ) l  = s  A + B E f n l m  e  e-0 ' -  -  - ' . i , - '1 -1 '  " "  v i '  v l - t '  v i - r '  " ' l '

, e e e(  r ) ,  u L P t  l m i _ t  ,  ^ i _ 2 ,  . . . ,  v i  ,  u i _ 1  ,  u i _ z  ,  . . .  )  =

( p - l ) B ^ A
- -Ea.^-i - t# 

5lo 
^'*r-r-; - 

, lo 
^'"i-3'

(16)  ̂ =,++f i /z-  (1/4(+1 * 2-t)1. /2,

(17)  r  =  a2(o1ta1) .

( T h e  d e r i v a l i o n  o f  e q u a t i . o n s  ( 1 5 ) ,  ( 1 6 ) ,  a n d  ( 1 7 )  i s  c o n t a i n e d  j . n  t h e

Appendix) .  Equat lon (15)  is  v t r t .ua. l - Iy  ident ica l  to  t ,hat  in  C-M; however ,

here the publ ic 's  esElmates of  lhe conlemporaneous pneference shccks are

presenl ln the forecasi of noney growih, and Lhe term tr depends upon lhe

var j .ance of  the publ ic ,s  preference forecast  
" " "o" ,  

oo2,  nol  upon the



1 0

var iance of  the prefenence shock o2- .  Impl ic ib  1n lhe analys ls  above is  the

assunption that t,he ppoperties of Lhe current and past forecasts of the

p r e f e r e n c e  s h o c k s  a r e  c o n s t a n t ,  i . e , ,  o i  -  o 1  , - .  ( j  i  1 ) .  T h i s  a s s u m p t i o n'  e  e , r - J

Lurns out, to be consisient with maxinlzlng behavlor on Lhe part of the

publ ic  and 1s shown below.

Not lce in  equal ion (15) ,  t ,hat  as the publ icrs  ' ,guess ' ,  o f  lhe ppeference

shock becones bet ter  ( i .e . ,  a  smaLler  of )  ,oo"u weight  iF p laced on Lhe

est imates of  these shocks.  In  fac! ,  
" "  

o l  + 0,  I  +  p which causes agenls to

p lace a l l .  weight  on u l_ i ,  i  =  O,  . . . ,  co,  and no weight  on past  reat izat ions

of  money growth.  0n the other  hand,  as o i '0 ,  t r  +  O,  which causes agenf ,s
Y

to place al.l- the wei.ght on the rnore recent observation of past money groh'th

and on the es l lmat ,e of  the curren!  preference shock and no weighL on past

es l imates of  the preference shock.

Proposi t ion ,1 .  The pubt ic ,s  conjecture of  the moneiary author i tyrs  behavlor

(g iven by equat ion (13))  and lhe publ -  j .c rs  expectaLj .ons of  money growth

(descpibed by equat ion (15))  are consis tent  wj . th  a monet ,ary author i ty  whose

object ive is  to  maximize equaf ion (1) .  The paramelers of  the agent ls

^ ^ n i a a t r : . a . F A

( 18 )  B^  =  (1 -8p ) / ( 1 -B r ) ,
v

2
(  1 9 )  B  =  (  1  -  B  p  -  

)  /  (  1  -  B  p  r  )  .

(See appendlx for  proof .  )

Thus,  i t ,  is  nat ional  for  agents Lo have expeclat ions of  noney growth g iver |

b y  e q u a t i o n  ( 1 5 ) .  E q u a l i o n s  ( 1 8 )  a i r O  ( 1 9 )  i m p l y  t h a L  t h e  p u b l i . c t s

expectatj.on of noney growth in our nodel depends on esLj.mates of the

pol icymakerrs preference shocks.  L ike C-M, act ions of  Nhe mor ietapy
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author i ty  can only  af fect  agentsr  expectat ions thnough past  money SrowLh

rates.  Because the publ icrs  currenl  and fu lure est lmaLes of  contemporaneous

p r e f e r e n c e  s h o c k s  ( i . " . ,  u ? * r ,  j  =  0 ,  l ,  . . . ,  n )  a r e  i n d e p e n d e n t  o f  a c t u a l

noney growth,  Che nonelary author i ty 's  choice of  rnoney growth is  essent ia l ly

the sane 1n our  nodel  as ln  C-M. Not ice that  whi le  ind iv idual  preference

shock est imaies (v ! )  do not  af fect  Ehe moneiany aut ,honi ty ,s  behavj .on,  lhe

proper t ies of  these esLimates (o i l  Oo af fect  equat lons (18)  and (19)  througn

the par arnet,er L

The degree to which the nonetary author i ly  " lnvesLs"  in  credj .b i l i ty  is

ref lect ,ed by the terms B0 and B.  Recal . l  f ron sect ion 2 that  i f  the ronetary

aulhority does not lake into accouni future expectations then it would set,

p lanned money growth equal  to  iLs t radeof f  parameter ,  i .e .  ml  = x . ,  When

the policymaker takes into account future expectations, we l(rlow t,hat lhe

nonelary author i ty 's  p lanned money growt ,h is  Iess Chan i ts  t radeof f

pararneler  s ince BO 5 !  and B S 1.  The noneLary author i ty  rest ra ins i tse l f

1n order  to  pregerve more favonable noney growth expectat ions in  lhe future,

As o^-  (o*- )  fa l ls  the terms B^ and B r ise ( fa l l )  (see Appendix) .  As monetaryE Y U

control j.mproves, the monet,any authorityrs conduct of pollcy moves Cowards

a lower pLanned noney growt,h and away frorn i.ts own tradeoff parameter.

However,  as the pubLlc 's  est ina les of  pol icymaker 's  preference shocks

inprove, planned money growth Lends No increase towards the monetary

authoni tyrs  l radeof f  parameter .  when o l  f " f f= ,  the publ ic  pays none

at tent ion to i ts  own es lLmates of  the preference shocks and less at len l ion

go past  money Elowch when forming expeclat ions of  the noneLary author i ty 's

pnefepenceg.  TheFefone,  the monelary author i ty  has less to gain f rorn

invesLing in  credib i l i ty  b€cause t ,he pubLic  is  not  paytng as rnuch a l tenLion

to pasL noney SroHth.



Gj.ven the expectat ions mechanisn (equat ion (15))  and ac lual  noney

Srowuh equal lon (equat lon 13)) ,  we can f ind lhe var iance of  the publ ic ts

noney groHth forecast ,  Thls  is  g iven by

^ 2  2  ,  . . 2  ?
- t  t . .  , -  ,  2 , . , 2 ' t  o  o "  ( P - i /  o Y  2r zu . r  L [ (m i  -  EL In i l ] t ( oe ) l )  I  =  

( ; ^2 )  
- l l ] f  *  0v .

The nore accurate the publ ic,s est lmace of the pneference shock ( Iower o2)

and the better Lhe nonetary author i tyrs conlrol  { fower of i )  the better 1s the

publ icrs overal l  fonecast of  money growth.

In generaL, the publ ic,s expected ul i l iLy is glven by

(21)  - .E^ 8 i  E[  (mi  -  Etn i l r i (  o3,r ,  o3,r - , , . . . ) ] )21 *  c to! , r )
i=0

)
when o: .  is  the same for  af l  t i rne p€r iods,  we can use equat ion (A1 )  and thee ' 1

var iance of  the publ lc 's  expected money growth g iven by equa!1on (20)  tc

f lnd the publ icrs  expected d iscounted wel- fare for  a forecasi  o f  preference

2
shocks of  qual i ty  o- ,  This  is

) 2 ) )

I  D  o "  (P - ^ /  oy  z  ^ ,  z ,
1 - A  ? .  2 .  - q r  " \ - e /  '
: '  (  1 - r -  )  (1- r - )

The constant ,  o^2 ,n. ,  maxlmizes equat ion (22)  wiLt  saCisfye

-  28(  d B ' ld  02)  02
( 2 3 )  - : Y -  

, e  
e  - c , ( o : ) = 0 .

1 - l -  ( 1 - l - )

.  2  2.  2 .  -  2S i n c e  B -  +  z n ( d B / d o J )  o ;  >  0 , a n  i n L e r l o r  s o l u t , i o n  a l w a y s  e x i s t  i f  C ' ( o i )  =

o and  c ' (o )  =  -  - .8

Ihe resul t ing choice of  o2 1s consLant  across l ime g j .ven equat ions

( 1 5 ) ,  ( 1 8 ) ,  a n d  ( 1 9 ) .  T h e  m o n e t a r y  a u t h o r i . t y r s  b e h a v i o p  s w n m a r l z e d  b y
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e q u a t i o n s  ( 7 ) ,  ( 1 8 ) ,  a n d  ( 1 9 ) ,  l h e  p u b l i c ' s  e x p e c l a b i o n s  m e c h a n l s l n  g j . v e n  b y

eqraLion (16) ,  and a consLant ,  opt imal  o i  descr tUeO by equat ion (23)  are a l l -

congls lenL wi th each other .  As ]ong as the stnuciura l  parameters f ,  8 ,  o j

remain unchanged, Lhe problem facing the public is the same in each period

and,  consequent . ly ,  the choice of  o !  is  constanE over  L ine.9

Secl lon

Again,  i t  is  obvious f rom

t,he narginal cost of obtaining

negative ) will cause Lhe public

effec0 of the control var j.ance,

4:  Comparat . ive Sta!  l  cs

e q u a t i o n  ( 2 3 )  t h a |  a n y t h i n g

preference shock es t imates

to choose est,imat,es with a

a  , ,  ^  1 -
o. ._.  on Ene cnolce oI  o  Ls

Y E

which ino"eases

2
(makes C'  (  o l)  mone

2_
nl8ner 0e. lne

also of  interest.

Proposl t , ion 2,  Let

) )
d oo-* , a}

2  
'  -  + v  '  

)dot o!

?
o-x  so l ve  equa t ion  (23 ) .  A  su f f i c i en t  cond i t i on  fo r

<  1 -B tp .

PFoposi t ion 2 lnd lcates that  when t ,he rat io  of  pneference est j .ma0e

v a r i a n c e  t o  c o n t r o l  v a r i a n c e  1 s  s m a l l  ( r e c a ] ]  N h a t  0 <  B  <  1 a n d 0 < B  < ' l  ) ,

Che publ ic  wl l l  des i re bet ter  est imates of  the preference shock for  h igher

levels  of  conl roJ.  var iance.  This  inp l ies that  as the monelary aulhor j . ty 's

conl roL gets worse the publ ic  is  vJ i l l ing to  expend more resourceg t ,o  lmprove

lhe qual i ty  of  Jhei r  prefenence shock forecast .  This  a l lows the publ lc  to

par t ia l ly  of fse!  the increase in  ihe var iance of  the l r  noney grouth

est inates caused by the increase in  lhe contro l  var iance.  The condi t ion

given 1n ProposiL lon 2 1s a suf f ic j .en!  condig ion;  . i t  is  qui te  possib le for

the condi . t ion no!  to  hotd and da?x/da? st i l t  be negat ive.
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Like the example in  sect ion 2 where prefenence shocks are not  ser ia l ly

conreLaged,  the abi l i ty  of  the publ ic  to  forn est lnates of  the monelary

author i ty 's  preference shocks af fects  the monetary auLhor i lyrs  expecled

ut , l l i ty .  Recal - l  that  the expected ut i l i t ,y  of  the monetany author i ty  is

glven by

(24 ) Bi (n,  -  e tnr l r r (o! l : l * ,

Subst j . tu t ing equat ions (13)  and (16)  inro (25)  and tak ing expectat ions

y i .e ldg

| J C t

* .  2 ,z \  r - p  )

l- . eol n],o'
(2q) | --:-' - - ' L1 -B  1 - rp  2

- t^rlrtf
t o

- l
" Lrlo

21
-or l

zJ '

The betler t,he publicrs preference forecasts are t,he lower is Lhe monetary

author l ly?s expected ut i l i ry , l0  Companing equat , ion (45)  co the measwe of

pol icymaker ut l l l ty  found in  c-M, we see ( i )  o^t  i "  in  the f i rs t  term ins lead

o f  o l ;  a n d  ( i i )  o " ]  e n t e n s  e x p l i c i t l y  i n  t h e  p o l i c y n a k e n t s  u t i t i t y .  O n c e
V Y

again,  lhe abi l i ty  of  the publ ic  Eo augment  the i r  in formaLion seLs wi th

inforrnation about bhe nonet.ary aut,horit,yts pneference shocks makes it mone

di f f  icu.Lt  for  d iscret ionary pol icy to  y ie ld the nonetany author i ty  greaten

ut l l i ty  than the f  i .xed noney gnowt,h ru le n l  = 0.11

C-M show that i! may be optimal for lhe monetary authority to tnve

posi t ive conero l  vaniance.  In  our  model  ,  i t  ls  less l ike ly  that  the

rnonefary aufhoni ly  wj . l1  choose a posi t ive contro l  var iance.  I f  lhe rDnet ,ary

2 ? )
a u t , h o r i t y  c h o o s e s  0 ;  t o  m a x i m i z e  ( 2 5 ) ,  t a k i n g  o ]  a s  g i v e n ,  o l  w 1 l l  s a t i s f yY - e - v

d B
- 1  Z( z o J  O o . . .  O  +

Y E
i:rp

.l Fl )
-  P  - - n  a - -

d q,,,
Y

d B

d o *  B o -  ' 1 / ?  =  O .
Y Y

( 1 -p ) -

d B

o B o -  d  o l' e v

( 1 - rp ;2
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Two elenents presenL in our analysis r.Jor k against positive control

1 2  2  2
var lance. .  

-  
F i rs t ,  because oe-  < ov '  lhe f  j . rsL Lwo Nerms j .n  equat lon (26)

are smaller in our analysis than ln C-M. Second, the presence of t,he fifth

tern in  equat ion (26) ,  which 1s not  pnesent  in  C-M, represenis  the d j . rect

negative effect of the controf varlance. The element that favors the choice

of  a posMve contro l  var iance is  that  wi th  a h igher  contro l  var iance 1L is

nore d i f f icu l t  for  the publ ic  to  ascer ta ln the pol icymaker 's  t rue

preferences by observ ing past  money growth rates.  However,  th ls  ef fect  is

weakened by Che fact Chat Che public nol,, has an alternaLive information

source on which to base i t ,s  expectat ion of  pol icymaker preferences.  Not ice
)

that  l f  oe-  is  not  taken as g iven,  t ,hen accord ing to proposi t ton 3 j . t  wlL]  be

even nore unl ike ly  !hat ,  the opt imal  conLro l .  var iance is  posi t ive.

Propos ib ion  3 .  Le t  o2*  sa r i s f y  equaL ion  (26 ) ,  t nen  oo l * tOo ! ,  O .

This is  an ln t ,erest i .ng resul t .  I t  i .s  s imi lan lo  proposi t ion 6 in  C-M, but

1C has a somewhat  d i f ferenL in tu j . t , ive in terpretat ion.  proposi l lon 4 impl ies

ghat, as the public has a b€tter forecast of the monet,ary aut,horit,yrs

preference shocks,  the monelary author i ly  wi l l  want  to  improve rnonetary

conbro l  ,  Thj .g  seems counter ln tuMve at  f  i rs t ,  g lance,  because one l rouLd

expect  that  as the publ icrs  forecasUs lnprove t ,he nonetary author i ty  would

uanl  fo  confuse_the publ ic  by having worse mone|ary contro l  .  However ,  i t ,

seerns Lhag in our anaLysi.s as the public gets bet,t.er fonecasts of the

pol icynaker 's  pnefenence shocks they p l -ace more welgh!  on thei r  preferencd'

shock est , lnates and less on real izat_ ions of  past  money gnowth.  Therefore,

the monetapy author l ty  cannot  ef fecLive ly  of fset  the publ lcrs  improved

forecasts by increasing the contnoL var lance;  the publ ic  pays ]ess aLtent , ion
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to  rnoney SrowLh.  So ln  order  to  cont lnue go ln f luence the publ" lcrs

expecfat ions,  the monetary authoni iy  has incent ive Uo impnove nonet ,ary

control and prevenl lhe weight,s pLaced on rea]1zallons of noney growth fron

fa l l  ing.

Whi le  the nonetary aulhor l ty  is  less l ikety  to  use posi t ive conLro l

var iance to of fset  an increase tn Lhe qual i ty  of  the publ lcrs  preference

shock esllmat,e, the monetary authorlty may use other neans to obscwe it,s

preferences.  As we ind icated above,  anyth ing that  j .ncreases the publ icrs

narg inal  cost  of  obLain ing a preference shock est imate causes o:  to

increase.  Thenefone,  the noneLary author i ly  can improve i ts  wel fare by

naking i t ,  cosc ly  for  the publ ic  to  d lscern lhe nonetary auihonl lyrs  l rue

pneferences. The Federal Reservers penchant for secrecy could be rdot,ivated

by a desi re No palse the cosls  to  the p{rb l ic  of  d lscover ing lhe Fedrs t rue

preferences.  Fur lhennore,  Proposl t ion 3 impl ies that  secrecy may pesulL in

the choice of  inst i tu t ions lha l  resuMn hiaher  contnol  vaniance.

SecLion 4:  Conclus ion

Thls paper extends the asymmetnlc lnformation model of Cuklernan and

Mel tzer  (1986)  by a l , lowing agents to  r raugmenLr thetr  i .n fornat , lon se! .  By

devot ing resources to r rFed watchingr t  agents form a rat , lonal -  expecta l lon of

Lhe moneNary aulhor j . tyrs  preferenceg based not  only  upon pas!  obsenvaLiong

of rnoney growlh but also upon current and past estlmates of the

conternpor aneous policyrnaker preference shocks. The quality of the

preference shock est j .na ie depends upon the amount .of  resources expended.

SeveraL resulLs stern frorn lhe lntroduction of augnenLed informallon

into the C-M mode]  .
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(1)  The d is t , r ibut ion

endogenous -- ic

noney growth forecast errors is

chosen by the public when they choose the

of

anount  of  resoupces to devote No moni toning Che Fedrs pneference

shocks. Agent,s weigh the cosLg of an inpFoved preference shock

esginate againsb improvement  in  the i r  money growth est inate.

Improvemenls 1n the publ1c?s estinates of the rlpcfcrenl1p

shocks lowers the expected ubi l i ty  of  the moneiaFy author i ty .

Fur lhenmore,  f ixed ru les such as mf = 0 become more aLtract j .ve to

bhe monetary aulhor i ty .

The publ icrs  augmented in forrnal ion set  nakes i t  less l  j .ke lv

that  the nonetary auihor i ty  would choose inst i tu t ions that

lead t ,o  posi t lve cont , rot  var iance.  In  C-M lhe d i f ference

bet,ween actual and pLanned money growt,h masks the pneference

shock f rom the Etb l ic ,  However,  when agents have thei r  own

lndependent  est inates of  Lhe pol icymaker 's  preference shocks,

the abj.lit,y of lhe controt error to obscure policymaken

preferences is  d lmln lshed.

In C-M, credib i l i ty  depends upon ho! ,  qu j .ck ly  the publ_ ic  learns.  This

depends ln  lurn upon the in format lon conLent  of  money supply  observat ions.

The monetary authority can lessen the lnformation content of noney supply

observat lons by having poor  moneiary contro] .  In  our  modeL,  t .he speed of

learn lng depends upon the publ j .c 's  acquis i t ion of  ln fornat ion.  Agents by

invesl ing in  in format lon d imin ish the pol icymaker,s  incent lve for  nolsy

monetary contro l  .  Pol icymakers can lower monl toning act iv i ty  by Lhe publ ic

by increaslng Lhe cost  of  acqui r ing in fornat i .on.  Perhaps the Fedrs desi re

for  secrecy,  see coodfr lend [1986] ,  can be rat ional lzed as an at lempt ,  to

increase the cost  of  acqul r ing ln fornal ion.

( 2 )

(3)
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Several extenslons of the above model could be considered, We di.d not

take int,o account informational differences beLween agenLs. How does the

modeL change when only a subset of agenls has superior informatlon?

Fu"thermore,  l f  there ls  a nechanism ( i ,e .  the market ,  see Grossman and

St ig l i tz  t19801)  t ,hat  resul !s  in  pr ivate in format ion being d ispersed anong

ghe ent i re  pubLic ,  then lhere nay be severe f ree r ider  ef fec ls  wl t ,h  regards

to expending Fesources !o uncover policymaker preferences, Examinlng lhe

nole of  d i f ferent ia l .  ln fornai ion among the Elb l ic  and posslb le f ree r lder

problens coul-d be enl i ghtening .

F inal ly ,  in  C-M the rnonetary author l t ,y ,s  preferences and the shocks to

these preferences are,  presunably,  be ing dr iven by socia l  and economic

forces that  are not  expl ic i t ly  model l -ed,  In  our  model ,  the publ ic 's

understanding of these forces are assurned go be srlnmarized by their curren!

and past  est imales of  the monetary authopi tyrs  pneference shocks.  Fur ther

work in  t ry lng to ideni i fy  and nodel  the in teract ion of  t ,hese soclo/economlc

forces and including agents who have an lnp€rfect undeFslandj.ng of these

forces is  needed.

Southern Methodis t  Univers l  Ly

and

The FedePal Reserve Bank of Dallas
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FOOTNOTES

1, The aut,hors Hish to thank Gerald Dwyer and Ne1l Baymon for hetpful

comment's on an earlier draft. The vlews expnessed are lhe aulhops, and

do noc necessat" i ly  Fef lect  those of  the Federal  Reserve Bank of  Dal las.

2.  Here lhe term qual l ly  refers lo  lhe var iance of  the cu.rent  per iod

foreca.st error.

3.  rnpr ic i ! ]y  we a. re assuming that ,  the 2 parameler  far i i ly  o f  d is t r ibut long

descr lbes v-  ,  or  that  the other  monents of  the d ls t r ibut lon are

wlchanged .

4. This assunpt,ion maintains the information asymnetny belween lhe

monetary author l ty  and the publ lc ,  nob between ind lv idual .s .

Fur thermore,  the ,n i form infornat ion seL across agents impl ies there ie

no rrfree riderrr probLem whereby rtusedfi informat,ion becoines a Dublic

good in  the acql is i l lon of  in fopnaLion.

5. The underlying assumption is that t,he variance of t,he forecast error 19

a monotonica] ly  decreasing funct ion wi th respect  to  agentrs  resource
u

e x p e n d i t u r e .  0 r ,  o " -  =  f  ( F ) ,  w i L h  f '  <  0 ,  w h e r e  R  i s  t h e  a g e n t r s

reSource expendl ture.  Clear ]y ,  R is  the t rue choice vapiabl .e .  In

onder  to  n in in ize nolat ion,  we have chosen No subst i tu te o i  as fne

choice var  j .ab le in  the agenc 's  object lve funct ion,  i .e ,  R =

- 1  2  t
f  ( o l )  -  c (o l ) .
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7.

6 .  N o t l c e  t h a t  L h e  s e c o n d  o r d e r  c o n d i r i . o n s  h o l d ,  i . e . ,  - C [ ( o l )  <  O .

The pananeters BO and B are taken as g iven,

The publ ic ts  "opt imal , '  choj .ce of  a  constant  o l ,  r . rn icn sat ls f leg

equat , ion (23) ,  is  not  t ime consis lent .  Accord lng Co Lhe decis lon ru le

prescr ibed by lhe f i rs t -order  condl l lon represented by equat ion (23) ,

agents are committed to choosj.ng the constant forecast error variance

for  pepiods 1+ i  ( j  : '1  ) .  T j .ne inconsis tency ar ises because the

curren0 vafue of o! affects future noney growch fonecast error. Ihis

dependence is  obvlous f rom equat ion (A6)  in  the Appendix.  In  addl t ton,

changes 1n current  per iod o2 af fect  fu ture money growth forecast  errors

througb changes in cne 
"e:.g;ts 

placed on cur.rent preference shock

e s t i m a t e s  ( i . e . ,  f h e  a . r s  a n d  b r ' s  i n  e q u a t i o n s  ( A 7 )  a n d  ( A 8 ) ) .
J J

I f  agents t ,ake th€ react ian funct ion of  the monetary author i iy  as

constan!  (1.e, ,  AO and B are constant)  then the L ime consis tenL choice
)

o f  o l  .  ,  .  ( j  :  0 )  w i l l  s a L i s f y

-  B - l ( 1 - B I - )  -  c ' ( o l  , )  =  0  i  =  0 ,  1

(For  an anatyt ica l  a"" iu^t fon=of  the opt i .mal  ,  t ime consis |ent  o l ,  s . "

sect , ion 5 of  the appendlx. )

Ther  e nay be other  eql j . I ibr ia  whene o^2 .  is  not  constant .

10.  Expected ut i l i ty  of  the monelary aulhor i ty  in  Cukierrnan and MelLzen ls :

9 .

1
i";
r - F

I u"i "30' ,'"1 1
L Gr7 - --T - 

i;V)J
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11.  Expected ut i l i ty  fop Lhe nonetary aulhopi ty  under  the f ixed ru.Le is

2
o"

12.  The f l rs t  order  condi t lons ln  Cuklepman and Mel lzerrs  nodel  are:

r -  2  - 2  . -  - d B
r I oe ou' pBou' _ dBo .e Bil z 

-l 
or

T=F L oT n:rtt - 
.'*T 

- Ho o-T- " 
- 

1,-ozt "" J G
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Appendices

1.  Der j .va t ion o f  Etp i l  r r_ .1  ,  r i_2 ,  . . . ,  
"? ,u l_r ,  

u !_r ,  . . , :

Let y i  = rn1 -  B0A.

The informat ion set consisLs of  obsenvat ions of  Xf_t ,  y 
f_2, 

. . .  ano vl ,  ver_r,

ui-r ,  . . . ,  and loowledee of of ,  Bo, B, A, ouz, . . ,d the propert j .es of  the

preference shock est imates. These properDies are:

E t ( v .  . -  u !  . l l  =  o .  E f  ( v  - , , €  t ? t  =  ^2- '  i - i  1 - i ' -  - '  " " ' i - i  ' i - i /  J  -  
" " , l - j '

E[v . - .  (v i - j -  u !_ ,  l :  =  o3, r_ : ,  e tver_  (v i_ .1-  u"1_r ) t  =  o ,

and  E [v . - .  ( u . - , . -  v? .  , - l l  =  o  fo r  j r k .  Agen t , s  w i r r  use  th i s  l n fo rma t ion  se !] - J  l - K  r F k ' -

e f f l c j . en t t y  ! o  m in im ize  E t  (p .  -  E (p t  1  r  I  l 2 l ,

Let,

6 V

(A1 )  Eto, l  r , l  =  r  
" .  t i  

*  r  b ,  u?_.
i = t  j = 0  ' i  f  J

The l r i .ck is  to  choose rhe paramet,ers a.  and b.  to  min imize o t  t  n  , - r  
(  n  I  r  ,  )  )  

2  
J  .

Set

,  , )(A2)  r t (p . -e  (pr l r r ) ) '1  -  e lp i -  . r ,  , , ,0 ,_ ,  -  t ' )  
-  r  u .u?- ,12-  j = 1  j = 0  J  .  J

w-
f l a t  n t  r  ^ J -  v  ' i - i  

e  2\ ' r . /  E L . r _  p u i _ i -  ,  a . (  X ,  p - v . _ . _ u  *  - i l )  -  E  b . v ] _ . , J ' .
j = 0  J = 1  

,  r < = 0  
r J r \  "  j = o  J  ] - J

Rewr i  t i .ng  (13) ,  we ge t

.  e .  - ,  c  2(A4)  E[ (v . -  oov l )+ [ (o-a . ,  )  u  r_ . t  b r  u ]_r l * [ (p ' -  pa. , -  a r )v  _a-  u ,  v !_rJ
*  t (p ' -  p -a1-  paa-  

"3)ur_3-  
urv !_rJ  + . . .

o  Y .  ^
Ft L a.----= I -

j = 1

Furt ,her  newr iNing y le lds

(A5)  E t (1 -bo)v .+  uo(v  -v l )  *  (p -a . , -b r )v ._1*  b1(v i_ t -  v?_1)



,  ( p z - a . p  -  a ^ -  b ^ ) v .  ^  +  b ^ ( v .  ^ -  u 9  ^ l
I  z l L - 1  I  I - Z  I - Z

. , 3  2r  \ p  -  a .p  -  a ^p  -  a ^ -  b^ ) v .  ^ *  b^ ( v  ^ -  u?  ^ )  +  . . .
I I 5 5 t - J 3 r - 5 r - J

@  
\ ' .  ^

- r " 
-IJ t I-  - i

r - 1
J -  |

By Laking expectat ions of  (45)  and us lng lhe propepLies of  v?_. ,  we get

, -  - , 2 -  2  2  2  2  2( A b )  E L ( p . -  E L p l l I i l ) - l  =  ( 1 - b o ) -  o i  *  b i o " - , ,  +  2 (  1 - b 0 ) b o o e - , i

+  (p -a1 -b1 )2o l  *  o2 ,o2 " , . . . 1  *  2 (p -a . , - b r )b ro "2 , i - r

*  (p2 -  p " r -  a ;  a )zo f ,  '  b22o2" , r -2  *  z (p2 -  oa :  o r )$ raz , i - z  t  " '

2

" * i ) .
i - ' l  J  o -
J - '

C h o o s e  a . ,  b .  t o  m i n i m i z e  ( A 6 ) .  T h e  f i r s t  o n d e r  c o n d i t j . o n s  f o r  C h e  b , ' s  a p e
J J J

. 2  2( A 7 a )  -  2 ( 1 - b ^ ) o - -  +  2 (  1 - b ^ ) o l  .  =  0u  v  u  e , I

? 2
( A 7 b )  -  2 ( o - a . - b . )  o -  +  2 ( o - a - - b - ) o -  - = 0

I  I  V  !  I  e , I - t

2 2 2 2(A7c )  -  2 (p - -pa , -a^ -O^ )  s l  +  l ( p ' - pa^ -a^ -b^ )o l  ,  - - oI I M Z Z e , ! - Z

Si.nce oj ,o s of  Vk, lhen rhe FOC irnply that oo = 
1,  

b1 = p-al  ,  V, = , t - :o^r-

ar,  b,  = ,3- r2^,-  rur-^1, etc,  The f i rst  order condit ions with respect to lhe

aJ rs  a re :



l o

(A8a) atp-a. , -u. ,Jof  -  roro3,r_r  -  zpLpz-pa. , -ar-o;  of ,

2  2  ?  2  )  ^ 2 .  z-2pb  
zo  

" , i - z  

-  zp ' l p ' -p ' a  
{oa r -ayb rJo '  

-  2p 'b30 ' , i - 3

2
ov

+ ? e  - :  = 0- - 1  2

( A8b ) -zl  p2 - pa,- a 1o )ozu 
- ro roZ, r_, 

-z pl p3 - p2 a,- oa r- a lr  r lof,- 2 pbe, i_3
2

o,,,
+ zaz i  =  o

- B -

( A8c ) -zl p3 -p2 ̂ r- p^r-a, urJof -ro 
lo3, r_z 

-zpI p 4 -p3. 
1 

-o2rr-oar-au-ouJof

- t 0 0  , , a, l  e ,  t - q

2

+ 2a ----: = n

U s i n g  t h e  F O C ! s  f o r  t , h e  b . r s ,  w e  c a n  r e w r i t e  ( A 8 a ) ,  ( A 8 b ) r . . . 3 s

(  A9a )  -a t  p  - r . ,  I  o  j ,  r_  r -?  p l  p2 -p  a, -a  r l  o f ,  ,  r_ . -zpzt  p3 -  o '  ̂ , -  r^  r -  ̂  rJ  o3,  r_ ,

^ .2  - 2  ?  2  2  - 2 -U  7  2  _2(A9b)  -2Lp  -0a . , -a rJo - , i _z  2p lp - -  p -a1 -paz  -a  
r Jo - ,  t _3 -2p - [p  

-0 'a . , -p -a r -0a r -a , ' , Jo ! , i _ l

. ,^6^ = o.
D

I f  o" , , *  = o!_f . ,  then equat . ions (A9a) ,  (Agb)  exact ly  the sane as

equai ion (A4)  in  c-M excep!  t i , "a  of  is  neplaced by o2,  Therefone,  we can

use thei . r  so lut ion for  the a. 's .  C-M f ind that

( 4 1 o )  a .  =  ( p - l ) r i - 1

1

where ), = ;,+. ,r -(frf.- o)'-,)



E g

and r=- t ' .
ov

Using (A10)  and t ,he f l rs t  order  condi t ions for  the b. 's ,  we f ind tha!

(A1  1 )  u .  =  r j .
J

ThePefore,

I  ^ - I  \(A12)  E tp . l r . l  =  \q1 /  E  tJv .  -  *  r  r Jv?r '  r  o  j = o  
-  1 -  r - J  j = o  l - J

U s i n g  ( A 1  2 ) ,  a n d  l h e  f a c !  t h a !  y .  =  m .  -  B O A ,  w e  f i n d  t h a t

( P-)' ) B^A
(15) Etpi l r i l  = -dA=# + (p:^r  

, t=o 
^ '  r r_ ' ' - ;  .  

,10 
^ 'u i - r .

2.  Proof  of  Proposi t ion l

The polj.cymakers probfem is to

-  max  f -  : r  ( r .  )2 r ' l
(A1rr)  ' i ; , . ' .  . l  i  et(r*--  E(m.lr-) lx.  -  - - - )  |  .r , r = v  

L i = o  \  r  - L  r  L  z  / J

Rewrt t . lng (  41 4)

-  m a x  f -  i f ^  f 1 - n \(A15) ' l - ,=n, . . .  e l  r  er (mf * , r i  -  f ,E l+ BoA -  (p-r )  r  tJ(ml_r_1+
I  r - ^b  r - v  j = 0

vr- , -1)xr-  e. i^  r iu!- . t* ,  -  t ' i  
;  

*" t ) ] .
r  J  '  '  

i = 0

The f l rs t  order  condi t ions imply

3e(v? .x .  . )  aE(v?  ̂ x .  ^ )
(A1  6 )  x i - (p - r ) [BE(x r * r ) *u  - - f#a  *B t iE (x  

i *2 )+Bz  
-  

"+ -a.i EmT

.^r ,  0 t (u i* ' , * r* r )  ̂ 3 .2- ,  , . -3  aE(ui* :* i *3)  .^3.  3E(u!*2* i*a)
-u-^ 

4 
*9"' l -E(xi*3)* ' '  --d._.: .u"^ 

T!
^ - ,  e

^3 .2  
aE (v ;+1x  )

+E^  *  
- ; t t t ' + . . . . 1=  t !  * .E (v i )
a'i
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21 r o

( A 1  6 )

( A 1 7 )

This

thei r

( A 1  8 )

aE(v l  x , )
1S conslanl over time then --.r----J-

dIn'-
I

=  0 .  A l s o  n ( V . )  =  O .  T h e r e f o r e

can be wri t len as

x .  -  ( p - r ) tBE(x , . , ;  *  B2 l  n ( r , , ^ ;  *  g3 l2n (x , , . )  * '  .
r  l +  I  I + z  I + J

is  the same f i rs t  order  condi t ion as in  C-M; lherefore,

resul ls  to  obta in

r ?  =  e ^ n  +  B D . .  w h e r e
I  U  ' I

= r?.
1

can use

. l

we

( A 1 q \  R  =  
, L ' P-0  1 -Br . '

( A 2 0 )  B  =

3.  Der ivat j .on of  Equat ion (21 ) .

Becall that,

( A 2 1  )  E [ m i  l I i ]  =  B o A  +  B E [ p i  l ] i l ,

U s i n g  ( A 2 1 )  a n d  e q u a t l o n  ( j 3 )

(M?)  E [ (mr -  E Imr l r r ] )2 j  =  E t82(p i  -  u tn r l r i j )21  -  o ; .

SubsL j . t .u t ing  (41  2)  in  fo r  E [nr l r r ]  in  equat ion  (A22) ,  we ger

?  -  
-  

i  Y t - . - t  @  i  6  )(A23) uzr lp i  (p-r ) . r^rJ  i  rJ  u!_ ' ' i ' -  o f i .-  j = 0  l = 0

This in  turn can be wr i t ten as

@ ! ,
i  ' i - i - l  

i  e  . 2  2(Mr ' l )  B-E[p i  -  (o- r )  
. ro . lJ [nr_ j_ t  

.  - -d-  J  - .1o lJv i_r ] "  *  o i .
J _ V  J -

,::::""":::";"1* ""]*' *,_j_r. r i " _2 2(M5)  szs l  . r^o iv1_1-  
(p- r ) .E^r i t , .E  (o  kvr_ . ,_r_u)*  - j - l  -  r  rJv?_,1 . *  o* .

i = 0  j = 0  k = 0  -  j = 0  I  J

Rewr i t , ing (A25) ,  we get  af ter  sorne afgebra

v
(A26) sznl  r  r r (u -  u i_ i )  -  (p-^) r^r i  

+ :1]2.  o2v.
j=0 r ' -J  r -J  j=0 B
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Taking expeclat ions,

^ f  -  ^ .  ^  - .  o2 - ' l
( laT)  B t  I  t  xz i  o l  *  (  p - r )2  t  , t i  4  l -  o t - .

L j=o  =  j=o  B 'J
T h i  c  i m h l  l a a  t h . t -

^ 2 2
(A28)  Et (n . -E(mi i r i l  ) ' l  =  "  oZ 

*  -Cr I 'o3  *  o3.
1 -  \ t  r - ^ t  Y  Y

4.  The opt , ina l  constant  o2.  (Der ivaLion of  Equat ion 23) ,

The publ lcrs  problen is  to

t : *  (  ^  o '  . . a  ^  ^  ^ )(Ms) '3 -,*,t" 
;i 

- @,_poi . of . ",'3j
TakinS der lvat, ive of  (A29) Hith respect to o!  vtetos.

dB

,l
+  c ' (  o - )  )  =  0 ,

- l

Algebna y ie lds )

d B

(A30),J' ti# . * .l'i14,,-* .'++r_ "i-'##';] fr

"u 
"^' o1 Rz f , ,)(1_ro) {l f- l  ,r: =(A31) ,+-t-*# . 

# 
.l^"!-to-' 

r.J \oo!/ r,-^.F-
.\

^ l
*  c '  (  o ^ ' )  |  -  0 .- - l

J

From the equaLion (A9a)  anO the forrn of  the panameters a. ,  we f ind that
J

2
- 2 \  2  0 ,

- - - : - :  d -  +  2 ( n - I )  j  =  O .  T h i s  i n n l i F s  t h a t  t h p  f i r s t  o p d e r  c o n d i t i o n  f o r1 . - n  )  
- o  

)  " '

maximizat ion problem (A29)  is
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I
^ l

+  c ' ( o : ) f  =  0 .

d B
r^^ 

-lz 
2

l Z t sdo  a  _2
(A32 )  - {  u= "  *  '

I  r - r t  r - r2

2
o5.  Der ivat lon of  the t ime consis tent  opi i .mal

The publ j .crs  problem is  to

'1* (- rr(A33) '3., -,1 t st {.1frr rr,n,ltr(o3,,, o
L1=o L L

Reur l t i ng  (A33) ,  we  ge t

nax  f -  ??
(A3rr) ;?. l  ;  

"{;[- '" 

i ]
t '=o L Lr-(P 

-  Etei l r l l ) l

Using equat ion (46)  and remember ing that  the
f r  -E(m.rr . r \ ] . | " "  ,n  u

"no""n :: . : tnimize 
r[_lm '  , ,  ,  , /  Jmax r-  :  -

(A35) ot  . -J  r  *1, l  r t  |  f i -oo, .  t to f  -  o 'o , io
"" [=o L L

3,,-,""r:)'

o i  I  a r e

*(p-a1,1 u ' , , .  )2of  *  o1-ro3,r - ' ' .  z(p-ar , i

2+  2 (1 -b^  . ) b^  . o -U , r  u ,1  e ,1

2-  D "  . t o .  . or , 1  I , I  e t L - l

* (p2-p" . ! , t - r2 , i -b r , i )2  t ' ,  ,o2 , r "3 ,or ,  z (p?-par , t - "2 , i -b2, i )b  , , ,  o3 , r_ ,

i ng  t .ha i  BO and

- l

"  
5 - 1  |o "3 ,1*3  -  '  '  ' l

J

* o(o3,trlj

^ .'l
* 

"col  . ) )  l
" , ,  )  )

a m e t e r s  , j , i  - d

dix 'l 
, we get

\
2  )  

' \ l

o - *  *  c ( s l  .  ) '  '  .
r  s r - L  |  |r l

2 J
to  o-  nememben

? 1

+... .i". 11.
3=r  

* j ' i  
s2J

the den- ivat ive of  (A35)  wi th nespect

taken as g iven,  we get
.  ̂ r --  B ie2 lo to , ,  

.  Bo l  . r * ,  
r  B2b2?,1*2,

L  - ' -

2- v

par

ppen

2

Taki ng

2
E are

(A36)

*a2 i  eo '  
aetpn- -E(pn l ru)12 tu* ,0  

*u .  
-  

Bk 
-  aEtpk-_E(pk l rk )  l2  abJ,k

k=1 j= t  ou j ,u  Bo" t , i  
-  

r .= i -  j lo  ao j ,o  n"3 , ,



J I

*  B i  c ' ( 0 2  . )  =  o .

Recau that for the case 
2 2

w h e r e  o - , .  =  o l ,  f o r  a l l  i ,  b . , t  
" n d . j , i  

a r e  B i v e n

b y  e q u a t i o n s  ( A 1  0 )  a n d  ( A 1  1 ) .  A l - s o ,  s j . n c e  
" j , i  

- O  b r , ,  a r e  e h o s e n

aEt  p , . -  e  (p , . l r , - )  I2
opti.aally (see Appendix l ), --\:-.-.-:---:- = 0 and

" " i ,x
Therefore,  we can rewpiLe (A36)  as

. (  ^
( A 3 7 )  -  e i {  n 2 t r * 6 1 2  *  g 2 1 4  *  g 3 t 6  ' .  '  . l  +  c , ( o

\
Thus,  the t ine consis tenb opt , imal  ou '  wi l l  sat is fy

2
2(A38 )  +  c ' (  o : )  =  o .

1 -B l -

aE lpk -  E (pk  l J k )  l 2

ab.
J  r K

0 .

' ^ )  
| :  o .

6. Proof of  Proposi t ion 2.

Let, FoC be f1rst, order conditi.on

second order conditions for t,he

glven by equat ion (A31 ) .  Let  SoC be the

m a x l m l z a l i o n  p r o b L e m  ( A 2 9 )  ( S o C  <  0 ) ,

? x
d o -

f a ? q )  e
)

d o l

(A4o)  a (Fgc)

aoi
r  1 - O  )

3(FoC)
2

0o--

2

a-B o

do  d  o . . .
C Y-...------.-

AB-2

d o

2),-
d o , , ,

2
o

: +

AB

d o

l 1

2
b

} R-;

2 l l  - - u ,

. 2
1- r -

AB

o o. . .

?oY

- l

zB2 f ,  ar
rr7r2 L% ;4

(p-r(r-rp) l- ---;2-J

Lhe re la l ion beLween

IP  (P- r  )  *

o ^  |
7z\
d o  |  .

2 2
o  ̂  ano o, , ,

(1 - rp ) l

2
2 (  p - I )  ( 1 - rp )o l

Y-F-

we know that,

at---,

aoi

AB
2

3 ol.

Using in tenms B a n d  l ,



?
aB -aB o" 

a ),--= -- 
-

a o i  =  3 o t  o t  a n d  n - 2
Y  e  e  d o v

A l s o  f r o n  e q u a t i o n  ( l 9 a ) ,  w e

2ov

we get

r
l zB  +  2
L

/ r - ro \
\  ' t - l

,3] . ,H,,, ,? ['": ,t
^  2 \

zz ,  , ' !P '  -  
ou,  

l .ao"  ao* (1- l -U

1

, \r
o) ' - t  1

2
0 ^

\  o . . . ,
Y

2
- 3 1  - e

t- 
-V

=  3 o -  o -
E Y

know that

. ' ]AB
?

D o -
e

?
o,,,
--l +)
D

2
2 ) , o -  =  2 ( 1 - p I )  ( p - l )

Reaf fanging (A40) ,

AB(^z
.  I  d 0 . , .

(A41) ,#,1-. .  ,
L ' - ^

?B? a t
2 2  2(1-r - ) -  aoi

B

where r =

( A 4 2 )  l ' ( r )

trR
To flnd -"

aoi

Reca l l  lha t

(A43) AB

3o*

-  ^ 2

1 - A n I

2

-v

a n d  l ( r  )

/ 1  1 + n  r  t -  1

r ( r  ) {  ; ( '  *  o ) - - 1  )  2

2 p

use bhe equalion I

B(  1 -B  p r  )  =  
l -Uo t

2

I  oo
(1 -Bpr  -  gp l ' zzz  j  l oa  =  -  gp l ' e3

-.. ov

R n- B p t r  I  -  - e

T;T,
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> 0 .(A44)

Further

(A47)
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I t  ls  possib le for  (A52)  not  hold and equat ion (A51)  s t i l f  be poei t lve.

ao2
Furt ,hermore,  i t  may be possib le for  j  Lo be negat ive even i f  equat ion
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Us j .ng these facts  ,

2
o-Bo

taof l2

>  0  a n d ,

we know that

2

-=.

o

2
' v  1-:- + -:-

a  t - 6
d

1 r  F a ^  l(463)  " " ; " '= -soc
d 0

e

AB
f  -z
I  oo*
L r=l p

2 X
do , , ,

consequenEry,
d g

e

ou*3 I
.  - J r )

( 1 - l P ) -

Therefore, aF0c >  0 .2
d c




