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Abstract

We use the limited participation model of money as a laboratory for 
studying the operating characteristics of Taylor rules for setting the rate 
of interest. Rules are evaluated according to their ability to protect the 
economy from bad outcomes such as the burst of inflation observed in the 
1970s. Based on our analysis, we argue for a rule which: (i) raises the 
nominal interest rate more than one-for-one with a rise in inflation; and (ii) 
does not change the interest rate in response to a change in output relative 
to trend.
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1. I n t r o d u c t i o n  a n d  O v e r v i e w
Much research in monetary economics is stimulated by the burst of inflation ex
perienced by a number of countries in the 1970s. This research addresses two 
questions: ‘why did this costly failure of monetary policy occur?’, and ‘what can 
be done to prevent it from happening again?’

This introduction begins by briefly reviewing the evolution of thinking on these 
questions, from the focus on institutional reform in the 1980s, to the focus on the 
design of monetary policy rules more recently. We go on to discuss Taylor rules 
specifically, and why it is of interest to consider their operating characteristics in 
a limited participation model of money. We then summarize the results obtained 
when we do this. An implication of one of our results is that further progress on 
the analysis of monetary policy rules would benefit from addressing some of the 
issues of credibility considered in the earlier literature on institutional reform.

1.1. Identifying Good Institutions
The initial body of research addressing the two questions in the opening paragraph 
was stimulated by the seminal papers of Kydland and Prescott (1977) and Barro 
and Gordon (1983). This work suggested that there was an inflation bias inherent 
in monetary institutions and that some sort of institutional reform was required 
to prevent a recurrence of 1970s-style inflation. Examples of such institutional re
form include legislative changes that focus a central bank’s mission more sharply 
on inflation and that grant central banks more independence from the rest of the 
government. Barro and Gordon’s analysis led to the prediction that, absent such 
reform, inflation would move up and down as the incentives to inflate moved up 
and down. To operationalize the theory, they made the assumption that the cen
tral bank’s incentive to inflate is measured by the natural rate of unemployment. 
However, the Barro and Gordon theory lost some of its appeal in the two decades 
since they wrote their paper, when the incoming evidence appeared to contradict 
it.1 In the United States, a major, persistent drop in the rate of inflation occurred 
starting in 1980, about three years before the unemployment rate started to come 
down. In Europe and other countries, the incentive to inflate stood at a post-war 
high in the 1980s and 1990s because the unemployment rate was so high, and yet

E v id e n c e  th a t does su p p o rt th e  K ydland  and P resco tt (1977) - B arro and  G ordon  (1983) id ea  
con cern s th e  re la tion sh ip  b etw een  inflation  and cen tra l bank  in d ep en d en ce. See, for ex a m p le , 
th e  su rvey  in  B lanchard  (1997 , p. 55).
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inflation was very low.2 Both sets of observations are puzzling from the Barro and 
Gordon perspective, particularly because they were not preceded by significant, 
formal institutional reform.3

1.2. Identifying Good Policy Rules
Alternative approaches to the two questions driving this literature were developed. 
These place less emphasis on issues of commitment and on the notion that there is 
an inflation bias in modern monetary institutions. To explain this, the concept of 
a monetary policy ‘rule’ is useful. This specifies how the monetary authority varies 
the instruments at its command as a function of the state of the economy. The 
recent research focuses on identifying simple monetary policy rules that will reduce 
the likelihood of a recurrence of a 1970s style inflation outbreak. The underlying 
vision is that the poor economic outcomes of the 1970s were a consequence of the 
poor monetary policy rule in place at that time. The notion that improvements 
in our understanding of the economy that have occurred since then, arising both 
from conceptual advances and from increased data, put us in a position to design 
a better rule now.4

2See C h ristian o  and F itzgera ld  (1999) and F ried m an  and  K u ttn er  (1996 ) for an  e la b o r a t io n  
o n  th ese  ob serva tion s.

3V arious m od ifica tion s o f  th e  B arro and G ord on  approach  ca n  p o ten tia lly  recon cile  th e  o b 
serv a tio n s o n  in fla tion  and  u n em p loym en t w ith  th e  theory. For exam p le , o n e  ca n  p o s it  th a t  
th ere  is var ia tion  over tim e in  p olicym aker preferences (see  B a ll (1995 ), C u k ierm an  an d  M eltzer  
(1 9 8 6 ), or R o goff (1 985 )). A ltern a tive ly , by a d o p tin g  a  version  o f  their th eory  in  w h ich  th e  eq u i
lib riu m  variab les are a fu n ction  o f th e  h istory  o f  p a st govern m en t a ction s, it is p o ss ib le  to  h ave  
eq u ilib r ia  in  w h ich  cen tra l banks are ‘p u sh ed ’ in to  su p p ly in g  m ore or less in fla tion  in  resp o n se  
to  m o v em en ts in  variables o th er  th a n  th e  n a tu ra l ra te  o f  u n em p loym en t (see  C hari, C h r ist ia n o  
an d  E ich en b au m  (1998 ).) T h is  can  p o ten tia lly  acco u n t for th e  p u zzlin g  ob serva tion s ju s t  c ite d . 
W e con sid er  th is  below .

4For a so m ew h a t p ess im istic  assessm en t o f  th e  o u tlo o k  for th is  approach , see  S argen t (1 9 9 9 ). 
H e co n stru c ts  a  varian t o f  th e  K y d la n d -P resco tt /B a rro -G o rd o n  m od el in  w h ich  th e  p o licy m a k er  
m od ifies  its  v iew s  ab ou t th e  stru ctu re  o f  th e  eco n o m y  as n ew  d a ta  com e in. A s th ese  v iew s  ev o lv e , 
th e  p o licym ak er ad ju sts its  m on etary  p o licy  rule. In  S a rg en t’s exam p le , th is  p rocess d o e s  n o t  
con verge. It s im p ly  leads to  an  en d less rep e titio n  o f  in fla tion  ta k e-o ff’s like th a t  o b serv ed  in  
th e  1970s, fo llow ed  by in fla tion  co llap ses. S a rg en t’s ex a m p le  is im p ortan t b eca u se  it  a r tic u la te s  
c lea r ly  a  p o te n t ia l p itfa ll a sso c ia ted  w ith  th e  d esig n  o f  m o n eta ry  p o licy  rules. S till, th e  d e ta ils  
o f  h is m o d e l are rejected  in  th e  sen se  th a t it  is n o t ab le  to  accou n t for d u ra tion  o f  th e  h ig h  
in fla tio n  in  th e  1970s. T h e  reason  is th a t th e  p o licy  m aker in  S a rg en t’s m od el, w h en  co n fro n ted  
w ith  th e  s im u lta n eo u s rise in  in fla tion  and u n em p lo y m en t ob served  in  th e  early  1970s, w o u ld  
h ave  inferred  th a t h igh  in fla tion  is not a p ro d u ctiv e  w ay  to  red u ce u n em p loym en t. A cco rd in g  to
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In the quest for good monetary policy rules, rules for setting the interest rate 
have taken a particularly prominent role. Such rules are called ‘Taylor rules’ after 
John Taylor, who has played an important role in popularizing this research. 
The work has attracted so much attention in part because the interest rate is 
what central bankers view themselves as controlhng. As a result, the research 
on interest rate rules has substantial potential practical relevance. Although this 
research is still fairly new, a consensus has already begun to emerge. To explain 
this, consider the following typical Taylor rule

r t  =  c +  prt_i + m r£ +  p y t , (1.1)

where 7rt is the annualized rate of inflation, r t is the annualized Federal Funds 
rate and y t is the log deviation of output from trend. The emerging consensus 
is that a Taylor rule characterized by an aggressive response of the interest rate 
to high inflation and high output is likely to yield good results.* 5 For example, 
Taylor (1999) urges the implementation of a rule with p  =  0, 0  =  1 and a  — 1.5.

1.3. The Limited Participation Model as a Laboratory
The strategy of the existing literature evaluates monetary policy rules by studying 
their operating characteristics in quantitative, economic models. For the most 
part, the models used in this literature are sticky price, rational expectations 
versions of the IS-LM model.6 The question naturally arises: are the existing 
results robust to alternative, plausible models? We investigate this in the context 
of one such model. In particular, we investigate the performance of Taylor rules in 
a simple limited participation model recently studied by Christiano, Eichenbaum 
and Evans (1998) (CCE).7 The mechanisms in this model differ from those in 
the existing literature. In particular, the friction which generates monetary non
neutrality is a credit market friction, not stickiness in price setting. In addition, 
the channel from expected inflation to output in this model differs from what it

S a rg en t’s m od el, th e  p o licym ak er’s reaction  to  th is d iscovery  w ould  have b een  to  keep in fla tion  
low . See S a rg en t’s chapter 9 for a further d iscussion .

5See th e  papers in  T aylor (1999a). See a lso  C larida, G ali and G ertler (1997) and K in g  and  
K err (1996 ).

6W h en  researchers ad op t m od els n ot in th is parad igm , th ey  o ften  g et different resu lts. See, 
for ex a m p le , B en h ab ib , S ch m itt-G roh e and U ribe (1998 ).

7For a com p arison  o f th e  em pirica l perform ance o f s tick y  price versus lim ited  p a rtic ip a tio n  
m od els, see  C h ristian o , E ichenbaum  and E vans (1997).
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is in the sticky price, rational expectations version of the IS-LM model. Since the 
source of monetary frictions and the channels from expected inflation to output 
are not yet well understood, we view our analysis as providing a useful robustness 
check on the existing literature.

In evaluating a particular parameterization of the Taylor rule, we focus pri
marily on its ability to rule out bad outcomes.8 In particular, we want to ensure 
that the monetary policy rule is not itself a source of welfare-reducing instability 
for the economy.9 This can happen for at least two reasons: (i) the rule may en
able expectations of inflation to become self fulfilling, a situation that can occur 
when the steady state equilibrium of the nonstochastic version of the economy is 
‘indeterminate’ and (ii) the rule may cause the economy to react explosively to 
shocks.

1.4. Our Results
Three results are reported below that we wish to emphasize here. First, ag
gressiveness in a Taylor rule is a good idea, but only in response to inflation. 
Aggressiveness in the response to deviations in output from trend is a bad idea in 
our model, and can produce welfare-reducing volatility of the kind cited in (i) and 
(ii) in the previous paragraph. For example, we find that Taylor’s recommended 
values for a , p,(3 places too much weight on output, and result in explosiveness.10 
Second, when we incorporate the monetary policy rule estimated by Clarida, Gali 
and Gertler (1997) to have been followed by the US Federal Reserve in the 1970s 
into our model, we find that the model exhibits equilibrium indeterminacy. As a 
result, our model is able to articulate the view that the burst of high inflation in

8W e d o  n ot seek  to  id en tify  p o licy  rule param eter va lues th a t o p tim ize  u tility  in  our m o d el, 
an d  w e m ake no a ttem p t to  com pare th e  perform ance o f  T aylor rules w ith  th e  u n co n stra in ed  
o p tim a l m o n eta ry  policy. In our experience, first-order w elfare ga ins are to  b e  had by  avo id in g  
th e  ‘bad o u tc o m e s’ listed  n ex t in th e  tex t. O nce th ese  ou tcom es have b een  avoided , th ere  is 
re la tiv e ly  less to  be ga ined  from  m ovin g  to  the g lob a lly  o p tim a l sp ecifica tion . T h is  is co n s is ten t  
w ith  find ings reported  in R otem b erg  and W oodford (1999 ), w ho d isp lay  a m od el in  w h ich  th e  
w elfare fu n ctio n  is re la tively  in sen sitive  to  a ltern a tive  sp ec ifica tion s o f in terest rate  ru les, as lon g  
as o n ly  p aram eter values in  th e  region  o f equ ilibrium  d eterm in acy  are considered .

9O ther research  th a t ad op ts th is p ersp ective  on th e  d esign  o f  m on etary  p o licy  ru les in c lu d es  
C arlstrom  and  F uerst (1998 , 1999) and B enhab ib , S ch m itt-G roh e  and U rib e (1998).

10For an o th er  m od el w ith  th is property, see Isard, L axton  and E liasson  (1999).
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the 1970s was due to higher expectations of inflation.11 According to the model, 
these expectations were translated into higher actual inflation because the policy 
rule implemented in the 1970s was insufficiently aggressive with respect to infla
tion. In this respect, our result is similar to the one reported for the sticky price, 
rational expectations version of the IS-LM model considered by Clarida, Gali and 
Gertler (1997). Still, our result does differ from theirs in one potentially impor
tant respect. In our model, a rise in inflation expectations that is self-fulfilling 
acts to weaken the economy. In a model like that of Clarida, Gali and Gertler
(1997), such a rise in inflation expectations drives output up. This distinction 
between these two classes of models may provide a way to discriminate between 
them, since the 1970s are thought to be a period when output was low relative to 
trend.

The basic intuition underlying these different implications of our model and 
versions of the standard IS-LM model is simple. The latter emphasize that higher 
anticipated inflation leads to a reduction in the real rate of interest, which in 
turn results in a rise in output and actual inflation by stimulating the investment 
component of aggregate demand.12 If the central bank adopts a tight money policy 
every time output and/or inflation is high, this chain of causation from expected 
inflation to actual inflation is cut. Thus, a high a  and/or a high ft eliminates 
equilibria in these models in which high inflation is self-fulfilling.

Now consider our model. Here, higher anticipated inflation induces households 
to substitute out of cash deposits in the financial sector and towards the purchase 
of goods. The resulting shortfall of cash in the financial sector puts upward 
pressure on the nominal rate of interest. If a  in the central bank’s policy rule is 
small, it has to inject liquidity into financial markets in order to prevent a large 
rise in the rate of interest. This expansion of liquidity would produce the increase 
in inflation that people anticipated. This is the intuition underlying our finding 
that a small value of a  increases the likelihood that expectations of inflation can

11 T h is  is a v iew  th a t  is also articu lated  in  C hari, C h ristian o  and E ichenbaum  (1998) and  
C larida , G ali and  G ertler (1997).

12T h e  b asic  log ic  can  be illu stra ted  using a te x tb o o k  A ggregate  Sup p ly -A ggrega te  D em a n d  
d iagram , w ith  p rice on  th e  vertical ax is and o u tp u t on  th e  horizonta l. In  th e  usual way, a  fa ll 
in  e x p ec ted  in fla tion  sh ifts  A ggregate  D em and  to  th e  right. P r ices rise as th e  econom y m oves  
up a lon g  th e  A ggrega te  Supp ly  curve. T h e  resu ltin g  rise in price corresponds an ac tu a l rise in  
in fla tion . T h is  chain  link ing ex p ected  in flation  to  actu a l in fla tion  is broken if the a u th o r itie s  
sh ift  the A ggrega te  D em an d  C urve to  the left w h enever th ey  see  o u tp u t or in flation  rising. H igh  
v a lu es o f a  and  (3 do ju st that.
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be self-fulfilling. Similarly, a large value of a  reduces the likelihood that this type 
of equilibrium could exist.

The previous intuition also shows why a large value of 0  can actually in crea se  
the likelihood that inflation expectations are self-fulfilling in our model. That 
is because the rise in the interest rate that occurs with a rise in inflation under 
the Fed’s policy rule also produces a reduction in output. With a large 0 ,  that 
fall in output operates to offset the Fed’s policy of raising the interest rate when 
a  > 0. In effect, raising 0  cancels out the indeterminacy-fighting properties of a 
high value of a .

Our third and final result that deserves emphasis is the following. Our analysis 
suggests that the literature on monetary policy rules may have been too quick to 
abandon the issues of commitment raised by the analysis of Kydland and Prescott
(1977) and Barro and Gordon (1983). Our results suggest that a Taylor rule that 
is sufficiently aggressive to inoculate the economy against a 1970s style inflation 
outburst may lack credibility because there is a strong - perhaps irresistible - 
incentive to deviate from it. We computed an example in which a benevolent 
central bank has an incentive to deviate from such a rule when there is a supply 
shock which drives prices up and output down simultaneously. In the example, 
the increased welfare gains from deviating to a k %  rule at that time are the 
equivalent of about 0.3% of consumption, forever. To get a sense of the magnitude 
of this, it corresponds roughly to the amount the federal government spends on 
the administration of justice, or on general science, space, and technology.13 This 
is a substantial amount, and may be difficult to resist for a central bank. A more 
complete analysis of the concerns raised in this example requires spelling out more 
clearly the details of the environment. This is beyond the scope of our analysis.14

13T h e  p relim inary  e s t im a te  for 1997 o f  co n su m p tio n  o f  n on durab le go o d s and  serv ices  in  th e  
1998  E co n o m ic  R ep ort o f th e  P resid en t is $4 .8  tr illion , so  th a t  0.3%  o f  th is is $16  b illio n . T h e  
federal ex p en d itu res  in fiscal year 1997 on  general sc ien ce , sp a ce , and  tech n o logy  w as $ 1 7  b illio n , 
an  on  th e  a d m in istra tio n  o f ju s tic e  it  w as $20 b illion .

14R o tem b erg  and W oodford have p o in ted  o u t to  us in  p rivate  con versation  th a t a  s t ic k y  p r ice  
m o d el m ay n o t suffer from  th e  sort o f  cred ib ility  prob lem  em p h asized  here. In  a  s t ic k y  p r ice  
m o d el, th ere  is a  ten d en cy  for o u tp u t to  fall by less th a n  th e  efficient am ou n t, a fter  a  b ad  
te ch n o lo g y  sh ock . A ccord in g  to  th is  m od el, im p lem en tin g  a tig h t m on etary  p o licy  a t su ch  a  
tim e  m igh t a c tu a lly  im prove th e  w elfare o f p rivate agen ts .
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1.5. Rules and Credibility
These results on credibility highlight a different possible answer to the two ques
tions posed in the first paragraph. It may be that the problem in the 1970s was 
not lack of knowledge that a higher value of a  might have prevented the infla
tion take off. Instead, reasoning as in Chari, Christiano and Eichenbaum (1998), 
that episode may have reflected a weakness in monetary policy institutions, which 
simply could not resist accommodating higher inflation expectations in a faltering 
economy.

That these concerns may be of more than academic interest is suggested by 
the statements on inflation by Arthur Burns, who was chairman of the Federal 
Reserve in the 1970s. These suggest that his failure to raise interest rates in line 
with the dictates of a more aggressive Taylor rule did not reflect ignorance about 
the connection between money and inflation. He claimed that, instead, it was 
his fear of the social consequences of such an action that prevented him from 
implementing a high interest rate policy.15 Thus, both history and theory suggest 
that credibility issues should also be considered when designing monetary policy 
rules.

The next section briefly describes our model. Results are presented in the 
following section. We close with a brief conclusion.

2. M o d e l
In this section, we describe the model used in our analysis and we present some 
empirical evidence in its favor.

15A n ex cerp t from  a  sp eech  by A rthur B urns in 1977 su m m arizes v iew s th a t he rep ea ted  o ften  
during  h is tenure as chairm an o f  th e  Federal R eserve: ‘W e w ell k n o w -a s  do m an y  o th e r s -th a t  
if  th e  F ederal R eserve sto p p ed  creatin g  new  m oney, or if  th is  a c tiv ity  w ere slow ed  d rastica lly , 
in fla tion  w ou ld  so o n  eith er  com e to  an end or b e su b sta n tia lly  checked. U n fortu n ately , know 
in g  th a t tru th  is n o t as help fu l as one m ight su p p ose . T h e  catch  is th a t now adays th ere are 
trem en d ou s n on m on etary  pressures in our econ om y th a t are ten d in g  to  drive co sts  and prices  
h ig h er ....I f  th e  F ederal R eserve th en  sought to  crea te  a m on etary  en v ironm ent th a t ser iou sly  
fell sh ort o f  acco m m o d a tin g  th e  n onm onetary  pressures th a t  have b ecom e characteristic  o f  our  
tim es , severe stresses  cou ld  be quickly produced in  our econom y. T h e  in fla tion  rate w ould  prob
a b ly  fall in  th e  p rocess b u t so, too , w ould prod u ction , jo b s , and profits. T h e  ta c tic s  and stra teg y  
o f  th e  Federal R eserve S y s te m -a s  o f any central b a n k -m u st b e  a ttu n ed  to  th ese  rea lit ie s .’ For 
a d d it io n a l d iscu ssion  o f  B u rn s’ (1978) speeches, see  C hari, C h ristian o  and E ichenbaum  (1998).
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We examine the operating characteristics in our model of the following three 
variants on (1.1):

r t — c +  p r t_ i  +  a E t7rt+ i +  f iy t , (Clarida-Gali-Gertler)

r t =  c + p r t_ i +  a ir t +  P y t , (Generalized Taylor)

r t =  c +  p r t_ i +  otTTt-\ +  P y t - 1 , (Lagged Taylor)

As before, r t is the (annualized) nominal rate of interest that extends from the 
beginning of quarter t  to the end of quarter t. Also, 7rt =  lo g (P t) — lo g ( P t_ i ) ,
7ft =  lo g (P t ) — lo g (P t_A), and y t =  lo g (Y t ), after a trend has been removed. We
refer to the above as the Clarida, Gali, and Gertler (1997) (CGG), the Generalized 
Taylor (GT) and Lagged Taylor (LT) policy rules, respectively.

We study the performance of these three rules in the CEE model. A detailed 
discussion of the model appears in CEE, and so we describe it only very briefly 
here. Apart from two modifications, it is basically a standard limited participation 
model. One modification is that, in addition to having a technology shock, it also 
has a money demand shock. Traditionally, an important rationale for adopting an 
interest rate targeting rule was to eliminate the effects of money demand shocks 
from the real economy (see, for example, Poole (1970).) So, if anything, including 
them in the analysis should bias the results in favor of the interest rate targeting 
rule. A second difference is that, although there is still a monetary authority on 
the sidelines transferring cash into and out of the financial system in our model 
economy, those transfers are endogenous when the monetary authority conducts 
its operations with the objective of supporting an interest rate targeting rule.

The representative household begins period t  with the economy’s stock of 
money, M t , and then proceeds to divide it between Q t dollars allocated to the 
purchase of goods, and M t — Qt dollars allocated to the financial intermediary. It 
faces the following cash constraint in the goods market:

Qt + W tL t >  Pt (C t + It) ,

where I t denotes investment, C t denotes consumption, L t denotes hours worked, 
and W t and P t denote the wage rate and price level. The household owns the 
stock of capital, and it has the standard capital accumulation technology:

K t+i = I t +  (1 -  0.02) K t .

9
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The household’s assets accumulate according to the following expression:

M t+ 1 = Qt + W tLt — Pt (Ct + It) + R t(M t — Qt + X t ) + D t + VktKt ,

where X t is a date t  monetary injection by the central bank and R t denotes the 
gross quarterly rate of return on household deposits with the financial intermediary.16 
Also, D t denotes household profits, treated as lump sum transfers, and r^t is the 
rental rate on capital. An implication of this setup is that the household’s date 
t  earnings of rent on capital cannot be spent until the following period, while 
its date t  wage earnings can be spent in the same period. As a result, inflation 
acts like a tax on investment. The household’s date t  decision about Q t must be 
made before the date t realization of the shocks, while all other decisions are made 
afterward. This assumption is what guarantees that when a surprise monetaxy 
injection occurs, the equilibrium rate of interest falls, and output and employ
ment rise. To assure that these effects are persistent, we introduce an adjustment 
cost in changing Q t , H t =  H  , where H t is in units of time, and H  is an
increasing function.17 The household’s problem at time 0 is to choose contingency 
plans for C t , It, Q t,  M t+ \, L t , K t+1 , t  =  0,..., oo to maximize

o° £
EoE ^ - 03-'25) U ( C t , L t , H t ) ,  U ( C , L , H )  =  log C - i p o

t= 0

(L  +  H )

1 +  $

(l+VO

subject to the information, cash, asset accumulation and other constraints. Here, 
ip =  1/2.5 and tpQ is selected so that L t =  1 in nonstochastic steady state.

Firms must finance J t of the wage bill by borrowing cash in advance from the 
financial intermediary, and 1 — J t can be financed out of current receipts. The 
random variable, J t , is our money demand shock, and it is assumed to have the 
following distribution:

lo g (J t ) =  0 .9 5 lo g (J t_ i )  +  e Jtt,

16W e have rt =  4(Rt - 1).
17T o assure th a t th e  in terest rate  e^ ect is p ersisten t, w e in trod u ce a co st o f ad ju stin g  Q t :

H Qt
Q t- i = 4 exp Qt

Qt-1 -b exp —c Q
Q

—  1  —  X
t- 1 )H

w h ere x d en o tes  th e  average rate o f m oney grow th . W e se t d = c =  2 and x =  0 .01 .
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where e j j  has mean zero and standard deviation 0.0 1 . All of the rental payments 
on capital can be financed out of current receipts. This leads to the following first 
order conditions for labor and capital:

Wt [RtJt +  1 — Jt] _  fl,,t Tkt _  f{(,t 

Pt V ’ Pt ~  V ’
where p  =  1.4 is the markup of price over marginal cost, reflecting the existence 
of market power. Also, f i%t represents the marginal product of factor i ,  i  =  L ,  K ,  
and

f ( K t , L t , v t ) =  e x p ( v t ) K ™ 6L°t 64,

where
v t =  0.95ut_i +  e Vyt,

and £Vit has mean zero and standard deviation 0.0 1 .
Finally, we specify monetary policy in four ways. In the first, money growth 

is purely exogenous, and has the following second order moving average form:

Xt — x  +  0.08£j +  0.26et_i +  0.1 l^t—2,

where e t is a mean zero, serially uncorrelated shock to monetary policy and 
x  =  0.01. This representation is Christiano, Eichenbaum and Evans (1998)’s 
estimate of the dynamic response of Ml growth to a monetary policy shock, after 
abstracting from the effects of all other shocks on monetary policy. Other repre
sentations of monetary policy analyzed here include the CGG, the GT and the LT 
rules presented above. In these cases, the response of x t to nonmonetary shocks 
is endogenous, although we preserve the assumption throughout that E x t — x .

Figure 1 presents the dynamic response of the model’s variables to an e t shock 
in period 2. The percent deviation of the stock of money from its unshocked 
growth path is displayed in panel c. The magnitude of the shock was chosen so 
that the money stock is eventually up by 1 percent. Panels a, b and f indicate 
that the impact effect on output of the monetary policy shock is so great that the 
price response is nil. Afterward, the price level rises slowly, and does not reach 
its steady state position until around one year later. The reasons for this sluggish 
response in the price level are discussed in detail in Christiano, Eichenbaum and 
Evans (1997).18 Next, note the hump-shaped responses of employment, output,

18T h e  b asic  id ea  is as follow s. A  p o sitiv e  m o n eta ry  in jec tio n  has tw o effects: (i) it s t im u la te s
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consumption and investment. Finally, there is a persistent fall in the interest 
rate. As emphasized in Christiano, Eichenbaum and Evans (1998), these patterns 
are all qualitatively consistent with the data. They support the notion that our 
model represents a useful laboratory for evaluating the operating characteristics 
of alternative monetary policy rules.

3. R e s u l t s
This section presents our quantitative results. We first display the regions of 
the policy parameter space in which indeterminacy, determinacy and explosive
ness occur. Loosely, determinacy corresponds to the case where equilibrium is 
(locally) unique, so that self-fulfilling inflation episodes are not possible. Indeter
minacy corresponds to the case where such equilibria are possible. Explosiveness 
corresponds to the case in which a shock causes the economy to diverge perma
nently from its initial position.19 In the subsequent two subsections we report 
some calculations to illustrate the economic meaning of the indeterminacy and 
explosiveness findings. In addition, we discuss the credibility difficulties that may 
exist in implementing an interest rate rule in practice.

3.1. Indeterminacy, Determinacy and Explosiveness
Figures 2, 3 and 4 report regions of a ,  ft where equilibrium is determinate (white), 
indeterminate (grey) and explosive (black), for p  =  0.0, 0.5, 1.5. The results are 
for the CGG, GT and LT rules, respectively.

We begin with a discussion of the results for the CGG rule, displayed in Figure
2 . Consider the case, p  =  0, first. We find that when (3 = 0, then determinacy 
requires a  > 7 , where 7  is a number just below unity.20 This is analogous to 
findings reported in Kerr and King (1996) for the IS-LM model (see also CGG). In 
that model, the value of 7 where the economy switches between determinacy and

d em an d  by p u tt in g  m ore cash  in th e  hands o f hou seh o ld s and (ii) it  st im u la tes su p p ly  by red u cin g  
th e  rate o f  in terest. T h e  effect o f  (i) alone is to  increase th e  price level. T h e  effect o f  (ii) is 
to  d ecrease  th e  price level. If th ese  supp ly  and d em an d  effects triggered  by a m on etary  sh ock  
rou gh ly  ca n ce l, th ere  is o n ly  a sm a ll effect on  th e  price level.

19T ech n ica lly , d eterm inacy , in d eterm inacy  and ex p lo s iv en ess correspond  to  th e  num ber o f  
ex p lo s iv e  e igen va lu es in  th e  m o d e l’s reduced form , as in  th e  a n a ly s is  o f  B lanchard  and K ah n  
(1 9 8 0 ).

20N o te  from  F igure 2a th a t determ in acy  a lso  requires th a t a n o t be too large.
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indeterminacy is 7  =  1 . Our results resemble those of Kerr and King (1996) and 
CGG in supporting the notion that an aggressive response to expected inflation 
reduces the likelihood of indeterminacy. In contrast to CGG, however, we find that 
the likelihood of indeterminacy and explosiveness increase with 0 . The intuition 
for the former result was discussed in the introduction.

Now consider the case p  — 0.5. When (3 =  0, then determinacy requires a  >  7 , 
where 7  is a number just below 0.5. This result, and others not reported, are 
consistent with the notion that the condition for determinacy is similar to what 
it was in the case of p =  0, as long as it is placed on a / (  1 — p), and not a .  That is, 
in several quantitative experiments we found that with [3 — 0 and for 0 < P <  1, 
determinacy requires a / ( l  — p) > 7 , where 7  is slightly below unity. Interestingly, 
a / ( l  — p) corresponds to the long run cumulative impact on the interest rate of a 
one-time increase in expected inflation.21 This suggests that what is important, 
in guaranteeing equilibrium determinacy, is that the cumulative effect over time 
of an increase in expected inflation be greater than unity. The precise timing of 
the response of the interest rise to an increase in inflation matters less. Note also 
that, like in the p  =  0 case, raising (3 increases the likelihood of indeterminacy or 
explosiveness.

Finally, consider the case p  =  1.5. As is to be expected from the p  =  0.5 result, 
the range of a 's which generate determinacy is larger here. As in the other cases, 
increasing 0  raises the likelihood of indeterminacy or explosiveness.

Now consider the results reported in Figure 3 for the GT rule. Taylor (1999) 
suggests that a good parameterization for (1.1) is p  =  0, a  =  1.5 and 0 = 1 .  
Interestingly, Figure 3 indicates that, for our model, this parameterization lies 
in the explosiveness region. Thus, our model indicates that the economy would 
perform very poorly with this parameterization of the policy rule. According to 
the results in Rotemberg and Woodford (1999), when p  =  0, a  > 0, then increasing 
0  raises the likelihood of equilibrium determinacy. In our model, this is not the 
case. Either we enter the explosiveness region for large 0 ,  or we enter the region 
of indeterminacy. Interestingly, as p increases, the region of determinacy expands.

The results in Figure 4 for the LT policy rule resemble those in Figure 3. The 
preferred parameterization of Rotemberg and Woodford (1999), a  =  1.27, 0  =  
0.08 and p  =  1.13 lies in the determinacy region for our model, if we extrapolate

21T h u s, su p p o se  there is a on e-tim e  pu lse o f  m a g n itu d e  u n ity  in  Etirt+i. T h e  im p a ct e ffect o n  
r t is a. T h e  lag  on e  effect is ap, and th e  lag  i effect is apl, for 1 — 1 . 2 . 3 , . . .  . T h e  su m  o f  th e s e  
effects, as lon g  as \p\ <  1, is a/( 1 — p).
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between the p  =  0.5 and p  =  1.5 graphs in Figure 4. A notable feature of the LT 
policy rule is that with p  large, the determinacy region is reasonably large and 
resembles the determinacy region for the GT rule.

To summarize, an aggressive response to inflation (or, expected inflation) in
creases the likelihood of determinacy. However, a more aggressive response to 
output has the opposite effect in our model. In addition, our results support the 
notion that choosing a high value of p increases the likelihood of determinacy. 
Finally, the CGG rule appears to have the smallest region of determinacy.

3.2. Illustrating Indeterminacy
We report some calculations to illustrate what can happen when there is indeter
minacy. To this end, we worked with two versions of the CGG rule. The first is 
useful for establishing a benchmark, and uses a version of the CGG rule for which 
there is a locally unique equilibrium, (p  =  0.66, 0  =  0.16, a  — 0.61). The second 
uses a version, (p  — 0.66, 0  =  0.16, a  — 0.32), of the CGG rule for which there is 
equilibrium indeterminacy. We refer to the first rule as the stable CGG rule and 
to the second as the unstable CGG rule. We consider the dynamic response of 
the variables in our model economy to a one standard deviation innovation in J t 
in period 2 .

Figure 5 displays the results for economy operating under a k%  money growth 
rule (dotted line) and under the stable CGG rule. Note that under the k%  rule, 
the results are what one might expect from a positive shock to money demand: 
interest rates rise for a while and inflation, output, employment, consumption and 
investment drop. Now consider the economy’s response to the money demand 
shock under the stable CGG rule. As one might expect, this monetary policy 
fully insulates the economy from the effects of the money demand shock. Figure 
5c indicates that this result is brought about by increasing the money stock. Not 
surprisingly, the present discounted utility of agents in the economy operating 
under the stable CGG rule, 74.092, is higher than it is in the economy operating 
under the k%  rule, 74.036. These present discounted values are computed under 
the assumption that the money demand shock takes on its mean value in the 
initial period, and the capital stock is at its nonstochastic steady-state level.

Now consider the results in Figure 6, which displays the response of the model 
variables to a money demand shock in two equilibria associated with the unstable 
CGG policy rule. In equilibrium # 2  (see the dotted line), the economy responds
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in essentially the same way that it does under the stable CGG rule. Now consider 
equilibrium #1  (the solid line). The money demand shock triggers an expec
tation of higher inflation. Seeing the inflation coming, the central bank raises 
interest rates immediately by only partially accommodating the increased money 
demand.22 In the following period households, anticipating higher inflation, shift 
funds out of the financial sector and towards consumption (Figure 6b shows that 
Q t  rises, relative to its steady state path, in period 3). The central bank responds 
by only partially making up for this shortfall of funds available to the financial 
sector. This leads to a further rise in the interest rate and in the money supply. 
In this way, the money stock grows, and actual inflation occurs. Employment and 
output are reduced because of the high rate of interest. Investment falls a lot 
because the higher anticipated inflation acts as a tax on the return to investment. 
In addition, the rental rate on capital drops with the fall in employment.

The utility level associated with equilibrium #1 is 73.825 and the utility level 
in equilibrium #2  is 74.110. The utility numbers convey an interesting message. 
On the one hand, if the stable CGG rule is implemented, then agents enjoy higher 
utility than under the k%  rule. On the other hand, if the unstable CGG policy 
rule is used, then it is possible that utility might be less than what it would be 
under the k %  rule. In this sense, if there were any uncertainty over v/hether a 
given interest rate rule might produce indeterminacy, it might be viewed as less 
risky to simply adopt the k%  rule. In a way, this is a dramatic finding, since the 
assumption that money demand shocks are the only disturbances impacting on 
the economy would normally guarantee the desirability of an interest rate rule like 
(1.1).

3.3. Illustrating Explosiveness and Implementation Problems
We now consider a version of our model driven only by technology shocks. We 
consider two versions of the LT policy rule. One adopts the preferred parameter
ization of Rotemberg and Woodford (1999): a  =  1.27, f3 =  0.08, p  =  1.13. The 
other adopts a version of this parameterization that is very close to the explosive 
region in which (3 is assigned a value of unity. Figure 7 reports the response of 
the economy to a one standard deviation negative shock to technology under two

22T h is is d ifficu lt to  see  in  F igure 6c b ecau se  o f sca le . M oney grow th  in  p er iod  2 is n ear ly  6 
p ercen t, a t an  annual rate , in  equ ilibrium  2. A ccord in g  to  F igure 6g, th is is en o u g h  to  p reven t  
a rise in  th e  in terest ra te  in  th a t equ ilibrium . M on ey  grow th  in p eriod  2 o f  eq u ilib r iu m  # 1  is 
le ss , n a m ely  5 .5  percen t, at an annual rate.
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specifications of monetary policy. In one, monetary policy is governed by a k %  
rule (see the dotted line), and in the other it is governed by the LT rule just 
described (see the solid line).

Consider first the k%  rule. The technology shock drives up the price level, 
which remains high for a long period of time. Employment, investment, con
sumption and output drop. There is essentially no impact on the rate of interest. 
The present discoimted value of utility in this equilibrium is 74.095. Consider by 
contrast the LT rule. The rise in inflation in the first period leads the central 
bank to cut back the money supply in the following period (recall, this policy 
rule looks back one period). This triggers a substantial rise in the interest rate, 
which in turn leads to an even greater fall in employment, output, consumption 
and investment than occurs under the k%  rule. The present discoimted value of 
utility in this equilibrium is 74.036. It is not surprising that in this case, the k%  
rule dominates the monetary policy rule in welfare terms, and in terms of the 
variability of output and inflation.

Now consider the operation of the nearly explosive policy rule, in Figure 8. 
With this rule, responses are much more persistent than under the previous rule. 
The response looks very much like a regime switch, with money growth and the 
interest rate shifting to a higher level for a long period of time. Given all the 
volatility in this equilibrium, it is not surprising that welfare is lower at 73.549.

These examples illustrate the practical difficulties that can arise in imple
menting an interest smoothing rule like (1.1). In a recession, when output and 
employment are already low, the rule may require tightening even further. The 
social cost of doing that may be such that the pressures to deviate may be ir
resistible. Numerical results to support this proposition were summarized in the 
introduction.23

4. C o n c l u s i o n
One interpretation of the high inflation experience of the 1970s is that it was 
the outcome of the Federal Reserve implementing a policy rule which permitted

23C larida , G ali an d  G ertler (1997a) argue for a  sp ec ifica tio n  in  w h ich  y t is th e  d ev ia tio n  from  
p o ten tia l o u tp u t , rather th a n  from  trend, as we do here. W e su sp ec t th a t  if  we rep lace yt in  
th e  T aylor rule w ith  th e  d ev ia tio n  from  p oten tia l, th e  cred ib ility  prob lem  w ith  our p o licy  rule  
w ould  be w orse, for (3 >  0. To see  why, n ote  th a t w ith  0(yt — zt), w here zt is p o ten tia l o u tp u t , 
a fa ll in  p o te n t ia l after a tech n o logy  shock w ould  act to  raise th e  ra te  o f in terest even  m ore.
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inflation expectations to be self-fulfilling. An important objective of monetary- 
analysis is to design rules which will not allow bad outcomes like this to happen 
again. This paper studied the operating characteristics of Taylor rules in the 
context of a limited participation model of money. In this model, monetary non- 
neutrality arises from a particular friction in the household’s portfolio decision. 
Equilibria in which expectations about inflation are self-fulfilling are eliminated 
when the Taylor rule responds aggressively to inflation and very li ttle  to output. 
A strong response to output risks destabilizing the economy. In this respect, 
the model’s implications differ from those of standard sticky price models, which 
suggest that the possibility of self-fulfilling inflation expectations are ruled out 
when the Taylor rule responds aggressively both to inflation an d  output.

So, which model should be taken more seriously for purposes of designing 
monetary policy? We have pointed out that under a sticky price model, equilibria 
in which inflation expectations are self-fulfilling tend, other things the same, to 
be associated with high output and investment. The limited participation model 
has the opposite property. This suggests that the latter may have an easier time 
explaining the 1970s than the former, since this was a period when output and 
investment were generally low. If a more formal analysis turns out to support this 
possibility, then the policy implications of the limited participation model would 
need to be taken seriously.

But, suppose it is not so easy to determine which model, the sticky price 
model or the limited participation model, is closer to the truth? Robustness 
considerations suggest picking a rule which works well in either model. And, each 
model has the implication that bad outcomes are avoided by Taylor rules which 
respond aggressively to inflation and not to output. So, we conclude that if a 
Taylor rule is to be adopted, then it should be of this type.
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Figure 1
Response of Model to an Exogenous Monetary Policy Shock

a: Price Level - % dev from SS e: Inflation Rate - APR
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APR: annualized percentage rate

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



F ig u re  2
R e g io n s  o f U n iq u e n e s s , E x p lo s iv e n e s s  and  In d eterm in acy

C la rid a -G a li-G e rt le r  R u le

] U n i q u e n e s s E x p l o s i v e n e s s i n d e t e r m i n a c y
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



F ig u re  3
R e g io n s  o f U n iq u e n e ss , E x p lo s iv e n e s s  and  In d eterm in acy

G e n era lized  T a y lo r  R u le

U n i q u e n e s s E x p l o s i v e n e s s I n d e t e r m i n a c y

Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



F ig u re  4
R e g io n s  o f U n iq u e n e ss , E x p lo s iv e n e s s  and  In d eterm in acy

La g g e d  T a y lo r  R u le

] U n i q u e n e s s E x p l o s i v e n e s s I n d e t e r m i n a c y
Digitized for FRASER 
http://fraser.stlouisfed.org/ 
Federal Reserve Bank of St. Louis



F i g u r e  5
R e s p o n s e  t o  a  M o n e y  D e m a n d  S h o c k  U n d e r  T w o  P o l i c y  R u l e s
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F i g u r e  6
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F i g u r e  7
R e s p o n s e  t o  a  N e g a t i v e  T e c h n o l o g y  S h o c k  U n d e r  T w o  P o l i c y  R u l e s

h: Investment - % dev from SS

RW Lagged Response Rule 

K% Rule ...............

See Figure 1 for Notes
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F i g u r e  8
R e s p o n s e  t o  a  N e g a t i v e  T e c h n o l o g y  S h o c k  U n d e r  T w o  P o l i c y  R u l e s

Perturbed RW Lagged Response Rule 

K% R u le ...............
See Figure 1 for Notes
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