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The fact that there was a monetary regime change in the United States be-

ginning in 1979 with the Fed chairmanship of Paul Volcker is well documented.1

Most researchers attest that after 1980, and especially after 1984, the United

States had entered a new monetary regime with a commitment to a low and

stable inflation rate. However, even though the United States had adopted a

new monetary regime after 1984, inflation expectations, particularly long-run

inflation expectations, remained volatile for more than a decade after the end

of the Volcker disinflation. Over the period from 1984 to 1997, long-run mea-

sures of inflation expectations, like 10-year-ahead expectations, or far-forward

measures, like the 5-year-5-year forward, were around two-thirds as volatile as

observed inflation. Since 1998, that relative volatility has dropped by half and

they are now around one-third as volatile as observed inflation.

The papers mentioned earlier document the change in monetary regime

in the United States that took place in the early 1980’s. This paper will not

address that episode, instead this paper will address the reestablishment of Fed

credibility over the decades following the Volcker disinflation. The fact that the

Fed had lost credibility during the Great Inflation of the 1970’s and would have

to regain the trust of the public was foreshadowed by Fed Chairman Volcker

in Congressional testimony in 1979: "An entire generation of young adults

has grown up since the mid-1960’s knowing only inflation, indeed an inflation

that has seemed to accelerate inexorably. In the circumstances, it is hardly

surprising that many citizens have begun to wonder whether it is realistic to

anticipate a return to general price stability, and have begun to change their

behavior accordingly." (Volcker (1979) and reprinted in Malmendier and Nagel

(2013))

This paper will show how the fact that "many citizens have begun to won-

der whether it is realistic to anticipate a return to general price stability" is

evident in the dynamics of inflation expectations, particularly long-term infla-

1See Clarida, Gali and Gertler (2002), Lubik and Schorfheide (2004), Boivin and Gian-
noni (2006), Stock and Watson (2007), Blanchard and Gali (2007), Blanchard and Riggi
(2009), Leduc, Sill and Stark (2007), Mehra and Herrington (2008), Goodfriend and King
(2005), Benati (2008), Schorfheide (2005) and Del Negro and Eusepi (2012), Bianchi (2013)
among others.
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tion expectations, after 1984. Clark and Davig (2011) show that there has been

a steady decline in both the level and the volatility of measures of long-run

inflation expectations over the past 30 years, and they attribute this to the fact

that the anchoring of inflation expectations have improved over the past few

decades, primarily due to a shift towards a more systematic and transparent

monetary policy. Using the dynamics of long-term inflation expectations to

infer something about central bank credibility, Gürkaynak, Sack and Swanson

(2005) find that in the U.S., long-run inflation expectations, proxied by far-

forward Treasury yields, respond to macroeconomic news. Far-forward rates,

which they argue are mainly composed of inflation expectations, should not

respond to macroeconomic news if long-run inflation expectations are truly

anchored. Gürkaynak, Levin and Swanson (2006) do a similar exercise but

compare the response of far-forward rates in the U.S., the UK, and Sweden to

macroeconomic news. They find that far-forward rates respond very little to

news in inflation targeting Sweden and respond the most in the U.S. Their sam-

ple contains data from the UK from both before and after the independence of

the Bank of England. They find that far-forward rates from pre-independence

UK behave more like those from the U.S., but far-forward rates from post-

independence UK behave more like Sweden. Similarly Beechey, Johannsen

and Levin (2011) use far-forward inflation expectations derived from inflation

swaps and find that far-forward inflation expectations in the U.S. are more

sensitive to current macroeconomic news than those in a number of inflation

targeting European countries. Goldberg and Klein (2005) use the response of

the yield curve to macroeconomic news to chart the establishment of European

Central Bank credibility in the first years of the euro’s existence.

Thus this paper will address two interesting questions related to the dy-

namics of inflation expectations in a post-Volcker United States. The first

is why do we observe any volatility in long-run inflation expectations in the

post-Volcker United States? The commonly cited regime shift in U.S. mone-

tary policy occurred in 1979. There was a sharp fall in inflation expectations in

the early 1980’s, but even after this switch to a stable monetary regime there

is considerable volatility in far-forward measures of inflation expectations like
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the 5-year-5-year forward. The standard New Keynesian model cannot repro-

duce many of the dynamics of inflation expectations that we observe in the

data. Authors usually include rule-of-thumb pricing behavior, as in Gali and

Gertler (1999), sticky information, as in Mankiw and Reis (2002), or price and

wage indexation, as in Christiano, Eichenbaum and Evans (2005), to introduce

what Fuhrer (2006; 2011) refers to as "intrinsic" inflation persistence. These

features help the model explain the persistence of inflation or the dynamics

of short-run inflation expectations, but this paper will show that even with

these modifications, the standard New Keynesian model cannot account for

the volatility of far-forward measures of inflation expectations that we observe

in the data.

The second, and closely related question that this paper wishes to address

is why has there been a considerable fall in the volatility of long-run measures

of inflation expectations over the period since 1984? If the change in monetary

regime occurred in the early 1980’s, why do the volatility of long-run inflation

expectations fall much later?

To explain the persistence and variability of long-run inflation expectations,

this paper will construct a model where agents are unsure about the central

bank’s inflation target. If the central bank has limited credibility and cannot

perfectly anchor beliefs about the long-run level of inflation, then agents will

update their beliefs about the central bank’s inflation target based on past

observations of inflation. Thus a period of high inflation can lead to higher

long-run inflation expectations, which become self-fulfilling.2

A number of authors have proposed modifications to the standard New

Keynesian model to account for observed shifts in trend inflation and long-

term inflation expectations. Cogley and Sbordone (2008) estimate a model

with a role for both variable trend inflation and price indexation. They find

that variable trend inflation is responsible for the persistence of inflation in

2The mechanism is similar in spirit to the expectations trap in Albanesi, Chari and
Christiano (2003). The difference is that the formal expectations traps literature is based
on discretionary policy. Here the central bank can commit (it follows a Taylor rule policy
function), but agents are unsure about the central bank’s target and believe that the central
bank will partially accommodate any increase in inflation.
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the data, and after accounting for variable trend inflation, price indexation

is unimportant.3 Similarly, Ireland (2007) estimates a model that allows for

variable trend inflation and finds that the Fed’s inflation target was low during

the 1950’s, rose throughout the 60’s and 70’s, and since then has fallen back

to pre-1970’s levels.

Throughout this paper we will refer to the model where agents are unsure

about the central bank’s inflation target, and thus the long-run level of infla-

tion, as the limited credibility model. This paper will show that a New Keyne-

sian model with limited credibility preforms much better than the benchmark

model with full credibility in its ability to explain the volatility of inflation

expectations that we observe in the data. We then compare the results from

model with limited credibility to the benchmark New Keynesian model with

either price and wage indexation or near permanent shocks, which are two fea-

tures that researchers use to add inflation persistence to the benchmark New

Keynesian model. The models with indexation or with near-permanent shocks

do just as well as the model with limited credibility in matching the dynam-

ics of short-run inflation expectations, but these two models preform rather

poorly in explaining the behavior of long-run inflation expectations. Only the

model with limited credibility can match the volatility and co-movement of

long-run measures of inflation expectations. We then calibrate the model to

match the observed levels of Federal Reserve credibility in the pre- and post-

1998 periods. Simply by changing the level of central bank credibility, holding

all else fixed, the model can explain nearly all of the observed changes in the

volatility of inflation expectations in the U.S. over the last few decades.

The fact that the diminished credibility of the Fed could persist for years

after the switch to a stable monetary regime in the early 1980’s is supported by

micro/survey based data on memories of past inflationary episodes. Using a

panel of responses from the World Values Survey, Ehrmann and Tzamourani

(2012) find that while memories of hyperinflation episodes never dissipate,

3In a related empirical study, Levin and Piger (2004) find that once you allow for a
structural break in the level of inflation, which occurs in most countries in the late 1980’s
- early 1990’s, in most countries, fluctuations in inflation are simply transitory fluctuations
around the variable mean, and the inflation process has very little persistence.
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memories of less dramatic high inflation episodes dissipate after about 10 years.

Malmendier and Nagel (2013) find that an individual’s expectations of inflation

are shaped by their own personal history of inflation, so memories of past

episodes of high inflation should fade as older cohorts are replaced by younger

ones. They find that the effects of the Great Inflation of the 1970’s on survey

based inflation expectations in the United States only begin to fade in the

early 1990’s.

Recently, some authors have modified the standard New Keynesian model

to say that agents don’t have complete information about the central bank’s

inflation target, and must learn this from observations of past inflation. Milani

(2007) incorporates "learning" into the standard New Keynesian model, esti-

mates the model, and finds that when learning is included, you do not need to

incorporate features like price indexation or habit formation in consumption to

get the persistence of macroeconomic variables. Similarly, Lansing (2009) con-

structs a model where agents use a Kalman filter approach to deduce whether

a shock to inflation is permanent or transitory, and he shows that this model

can reproduce the observed time-varying persistence and volatility of U.S. in-

flation. Andolfatto and Gomme (2003) and Erceg and Levin (2003) construct

models where agents are unsure about either the money growth rule or the

central bank’s inflation target, and must infer the target from past observa-

tions of inflation. They show how this learning is necessary to explain the

large output loss that accompanies a transition from a high inflation regime

(high money growth rate or high inflation target) to a low inflation regime (low

money growth rate or low inflation target). Similarly Schorfheide (2005) and

Del Negro and Eusepi (2012) estimate a DSGE model with either complete

information or a role for learning and find that the model with complete infor-

mation does well in explaining most of the historical experience in the U.S.,

but the model with learning is necessary to explain the Volcker disinflation of

the early 1980’s. Orphanides and Williams (2004; 2007) and Gaspar, Smets

and Vestin (2006; 2011) present models where agents’have imperfect informa-

tion about the parameters in the central bank’s policy rule function or where

they are unsure if a shock to inflation is transitory or permanent, and evaluate
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optimal monetary policy in this environment of limited information/limited

credibility.

This paper will proceed as follows. Some statistics describing the behavior

of inflation expectations in the U.S. over the 30 years since the Volcker disin-

flation are presented in section 1. The theoretical model is described in section

2. The model is a cashless version of the benchmark New Keynesian model

described in Christiano, Eichenbaum and Evans (2005), but expectations are

formed using this concept of limited credibility. The calibration of the model

is discussed in section 3. Here special attention is paid to exactly how to cal-

ibrate the model to reflect historical observations of central bank credibility

and the anchoring of inflation expectations. The results from the model are

presented in section 4. Here we will examine both the path of inflation and in-

flation expectations since 1984 and simulated moments from the model to see

how the model with limited credibility preforms much better than the model

with full credibility in matching the dynamics of inflation expectations, espe-

cially long-run inflation expectations. Finally section 5 concludes with some

directions for further research.

1 The Dynamics of Inflation Expectations

In this section, we present some statistics on the dynamics of inflation expecta-

tions in the United States over the last 30 years. Furthermore, we will discuss

how there was a sharp decrease in the volatility of inflation expectations be-

tween the first and second half of this sample period.

We will consider measures of both short-run inflation expectations and

long-run inflation expectations. The three measures are: the expected change

in the price level over the next year (one-year-ahead inflation expectations,

Et (πt+1)), the expected annual inflation rate over the next ten years (10-year-

ahead inflation expectations, Et

(
1
10

10∑
i=1

πt+i

)
), and the expected inflation rate

over a period beginning five years from now and ending ten years from now

(5-year-5-year forward inflation expectations, Et

(
1
5

10∑
i=6

πt+i

)
).
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Figure 1 plots U.S. inflation, one-year-ahead inflation expectations, 10-

year-ahead inflation expectations, and 5-year-5-year forward inflation expec-

tations from 1984 to 2011. The data has been demeaned. U.S. inflation is

defined as the year-over-year percentage change consumer price index (CPI),

and inflation expectations are taken from the dataset compiled by the Federal

Reserve Bank of Cleveland and described in Haubrich, Pennacchi and Ritchken

(2011). This dataset contains measures of n year ahead inflation expectations

for the U.S. for n = 1...30. Expectations are observed monthly from January

1982 to the present.

The figure shows that inflation expectations, particularly long-run mea-

sures of inflation expectations, have fallen steadily over the last 30 years. The

figure shows that there was a sharp fall in the level long-term inflation expec-

tations that occurred in the very beginning of the sample, but even after that

initial drop, long-run measures of inflation expectations have not remained

constant but have continued to fall over the last 30 years. Later, when pre-

senting the results from the New Keynesian model with full credibility and

with limited credibility, we will show that only the model with limited credi-

bility that gets improves over time can replicate the steady fall in the level of

long-run inflation expectations in the U.S. over the past 30 years.

Table 1 presents some evidence about the cross-time evolution of the volatil-

ity and persistence of inflation expectations in the United States. In the table,

the sample is split into an early sample, from 1984 to 1997, and a later sample,

from 1998 to 2011. The table also includes a third column reporting the statis-

tics from the 1998-2007 period. The first thing to notice is that the volatility

of inflation rose between the earlier sample and the later sample, but compar-

ison with the third column (the truncated late sample) shows that this rise in

inflation volatility is entirely due to the dramatic swings in inflation associated

with the global financial crisis beginning in 2008. If the post 2007 period is

excluded from the sample, the volatility of inflation fell by 20% between the

pre-1998 period and the post-1998 period. In addition to the overall fall in

inflation volatility between the early and late sample periods, there was a fall

in the relative volatility of inflation expectations. One-year-ahead inflation
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expectations were 70% as volatile as inflation in the early sample period, but

in the later period, year-ahead expectations were only 50 − 60% as volatile

as inflation. In the early period, long-term measures of inflation expectations

were nearly two-thirds as volatile as observed inflation, but in the later period

they were only one-third as volatile as observed inflation.

In addition, there is a sharp reduction in the correlations between current

inflation and future inflation expectations between the earlier and the later

time periods. In the early period, the correlation between current inflation

and year-ahead inflation expectations was nearly 0.7, while the correlations

between current inflation and long-run measures of expectations were greater

than 0.5. In the later period (ending in 2007), the correlation between current

inflation and one-year-ahead expectations drops to about 0.3, while current

inflation and longer term measures of expectations are nearly uncorrelated.

The correlation between current inflation and 10-year-ahead expectations falls

to about 0.06, and the correlation with 5-year-5-year forward expectations falls

to 0.00.

2 The Model

The model with limited central bank credibility is based on the standard New

Keynesian model in Christiano, Eichenbaum and Evans (2005). There are mo-

nopolistically competitive intermediate goods firms that produce a differenti-

ated product that is then aggregated into a final good used for consumption,

investment and government purchases. There are also households that supply

a differentiated type of labor. Calvo (1983) pricing in both the intermediate

goods sector and the household sector gives rise to nominal wage and price

rigidities.

Due to these wage and price rigidities, a firm or a household knows that if

given the opportunity to change their price today, their new nominal price will

most likely be in place for at least a few periods into the future. Thus when

setting an optimal price or wage, price setters have to take into account not

only current conditions, but the expectation of future conditions. In the stan-
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dard New Keynesian model, the expectation of future variables is determined

using rational expectations. We abstract from that here. Instead we assume

that agents are unsure about the central bank’s inflation target. Following a

surprise in current observed inflation, they believe that the central bank may

accommodate some of the unexpected inflation and thus may adopt a new,

higher inflation target. While the actual inflation target never changes, agents

don’t know this, and every period they update their belief about the central

bank’s target using past observations of inflation. Eventually they realize that

the central bank’s preferred measure of long-run inflation has not changed,

but their incorrect assumptions could persist for some time. Thus agents will

revise upward their beliefs about the central bank’s inflation target following

a series of high inflation observations. If agents form expectations expecting

high inflation, then these high expectations get incorporated into the price and

wage setting decisions, leading to higher inflation.

2.1 Production

Final goods, used for private consumption, government consumption, and in-

vestment are formed through a Dixit and Stiglitz (1977) aggregation of inter-

mediate goods from firms i ∈ [0 1]:

Ct + It +Gt =
(∫ 1

0
yt (i)

σ−1
σ di

) σ
σ−1

(1)

where yt (i) is the quantity produced by firm i, and σ is the elasticity of sub-

stitution between intermediate goods from different firms. When considering

the results from simulations of the model, in one set of simulations we will

simulate the model under stochastic government spending shocks. There will

be more about the calibration of the exogenous process for Gt in section 3, but

the steady state value of Gt is set such that in the steady state, government

spending is 20% of GDP .

From the aggregator function in (1), the demand for the intermediate good

from firm i is:
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yt (i) =

(
Pt (i)

Pt

)−σ
(Ct + It +Gt) (2)

where Pt (i) is the price set by firm i, and Pt =
(∫ 1

0
(Pt (i))1−σ di

) 1
1−σ
.

The firm produces intermediate goods by combining capital and labor in

the following Cobb-Douglas production technology:

yt (i) = Atht (i)1−α kt (i)α − φ (3)

where ht (i) and kt (i) are the labor and capital employed by the firm in period

t, φ is a small fixed cost term that is calibrated to ensure that firms earn

zero profit in the steady state, and At is a stochastic productivity parameter

common to all firms.

From the firm’s cost minimization problem, the demand from firm i for

labor and capital is given by:

ht (i) = (1− α)
MCt
Wt

(yt (i) + φ) (4)

kt (i) = α
MCt
Rt

(yt (i) + φ)

whereWt is the wage rate, Rt is the capital rental rate andMCt = 1
At

(
Wt

1−α
)1−α (Rt

α

)α
.

Price setting by intermediate goods firms In period t, the firm will be

able to change its price with probability 1 − ξp. If the firm cannot change

prices then they are reset automatically according to Pt (i) = πIt−1Pt−1 (i),

where πIt−1 = πss, the steady state gross inflation rate. In an alternative

version of the model we will consider the case where prices are indexed to the

previous period’s inflation rate, πIt−1 = Pt−1
Pt−2

.

Thus if allowed to change their price in period t, the firm will set a price

to maximize:
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max
Pt(i)

Ẽt

( ∞∑
τ=0

βτ
(
ξp
)τ
λt+τ

{
ΠI
t,t+τPt (i) yt+τ (i)−MCt+τyt+τ (i)

})
where λt is the marginal utility of consumption in period t and

ΠI
t,t+τ =

{
1 if τ = 0

Et
(
πIt+τ−1

)
ΠI
t,t+τ−1 if τ > 0

As discussed in this paper’s technical appendix, the firm that is able to

change its price in period t will set its price to:

Pt (i) =
σ

σ − 1

Ẽt

( ∞∑
τ=0

βτ
(
ξp
)τ
λt+τMCt+τ

(
ΠI
t,t+τ

)−σ
(Pt+τ )

σ yt+τ

)
Ẽt

( ∞∑
τ=0

βτ
(
ξp
)τ
λt+τ

(
ΠI
t,t+τ

)1−σ
(Pt+τ )

σ yt+τ

) (5)

If prices are flexible, and thus ξp = 0, then this expression reduces to:

Pt (i) =
σ

σ − 1
MCt

which says that the firm will set a price equal to a constant mark-up over

marginal cost.

Notice that the optimal price Pt (i) does not involve the usual rational

expectations operator, Et (·), but a modified operator Ẽt (·).
Instead of assuming that private agents know the central bank’s inflation

target with certainty, assume that agents are unsure about the inflation target

and must use past observations of inflation to update their beliefs according

to the following Kalman updating equation:

π̃t = π̃t−1 + φ
(
πt − Ẽt−1 (πt)

)
where π̃t is their belief about the inflation target at time t and π̃t−1 is their

belief about the target at time t− 1. Thus φ is a parameter describing agents’

beliefs about central bank accommodation. As will be seen later in this section,
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the central bank’s actual inflation target doesn’t change, but due to limited

credibility, agents believe that the central bank may accommodate part of the

surprise in inflation by raising the target. Over time agents realize that this

is not true, the central bank did not accommodate part of the surprise in

inflation, and their beliefs about the target converge to the actual target.4

Let Ωt be the set of information about the structure of the economy, all

parameters (other than the inflation target), and the sequence of shocks to

affect the economy up to and including shocks in period t, then for any variable

xt+i for all i = 1...∞ in the model:

Ẽ (xt+i|Ωt) = E (xt+i|Ωt, π̃t)

and for notational simplicity define Ẽt (xt+i) ≡ Ẽ (xt+i|Ωt).

Write the price set by the firm that can reset prices in period t as P ∗t (i)

to denote it as an optimal price. Firms that can reset prices in period t will

all reset to the same level, so P ∗t (i) = P ∗t . Substitute this optimal price into

the price index Pt =
(∫ 1

0
(Pt (i))1−σ di

) 1
1−σ
. Since a firm has a probability of

1− ξp of being able to change their price, then by the law of large numbers in
any period 1− ξp percent of firms will reoptimize prices. Thus the price index,
Pt, can be written as:

Pt =
(
ξp
(
πIt−1Pt−1

)1−σ
+
(
1− ξp

)
(P ∗t )1−σ

) 1
1−σ

(6)

After combining the expression for the optimal price in (5) and the equation

4The updating equation in this model looks similar to that in Lansing (2009). There is
a certain long-run level of inflation, agents don’t know what it is, and must infer it from
past observations of inflation using a Kalman updating equation. While mechanically the
updating equation is very similar to Lansing (2009), the interpretation is very different. In
Lansing (2009) agents observe an increase in current inflation and don’t know if the shock
is permanent or transitory. In this model, agents know about the shock that led to the
unexpected change in inflation, but what they are unsure about is the credibility of the
central bank. Agents question whether the central bank will use monetary policy to return
inflation to the original desired level, or if they will accommodate part of the shock. In that
way, this model is similar is spirit to those in Barro and Gordon (1983), Barro (1986), and
agents’suspicion that the central bank may decide to accommodate some of an increase in
current inflation is similar to the expectations trap models in Albanesi, Chari and Christiano
(2003).
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describing the evolution of the price index in (6), one can derive the usual New

Keynesian Phillips Curve (NKPC) that relates inflation this period to current

marginal costs and the expected value of inflation next period:

π̂t = βẼt (π̂t+1) +

(
1− ξp

) (
1− βξp

)
ξp

(mĉt) (7)

Notice in this Phillips curve the expectation of next period’s inflation is

arrived at when agents are unsure about the central bank’s target inflation

rate, Ẽt (π̂t+1). If instead agents had full information about the central bank’s

inflation target then this NKPC simply condenses to its usual form where

Et (π̂t+1) replaces Ẽt (π̂t+1).

In a later section we will compare the results of the model with limited

central bank credibility to the model with full information and price indexa-

tion. As discussed earlier, full price indexation implies that firms that cannot

reset their price in period t simply scale up their existing price by the previous

period’s inflation rate πt−1. In this case the NKPC becomes:

π̂t =
1

1 + β
π̂t−1 +

β

1 + β
Et (π̂t+1) +

(
1− ξp

) (
1− βξp

)
ξp (1 + β)

(mĉt) (8)

From equation (8) it is easy to see how the price indexation introduces

the lagged inflation term π̂t−1 into the Phillips curve and thus introduces

persistence into the inflation process. It is not as obvious, but the fact that the

future inflation term is denoted Ẽt (π̂t+1) instead of Et (π̂t+1) also introduces

the lagged inflation rate and thus persistence into the Phillips curve under

limited credibility in equation (7). Recall that the expectations operator in

the model with limited credibility, Ẽt (·), depends agent’s beliefs about the
central bank’s inflation target, π̃t, which in turn depends on past observations

of inflation.

2.2 Households

Households, indexed l ∈ [0 1], supply labor, own capital, and consume from

their labor income, rental income, and interest on savings. Furthermore they
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pay lump sum taxes to the government to finance government expenditures.

The household maximizes their utility function:

max
∞∑
t=0

βt
[
ln (Ct (l))− ψ (Ht (l))

1+σH
σH

]
(9)

subject to their budget constraint:

PtCt (l) + PtIt (l) + Tt (l) +Bt+1 (l) (10)

= Wt (l)Ht (l) +RtKt (l) + Ξt (l) + (1 + it)Bt (l)

where Ct (l) is consumption by household l in period t, Ht (l) is the household’s

labor effort in the period, Tt (l) = PtGt (l) are the lump-sum taxes paid by

the household to finance government consumption, Bt (l) is the household’s

stock of bonds at the beginning of the period5, Wt (l) is the wage paid for the

household’s heterogenous labor supply, Kt (l) is the stock of capital owned by

the household at the beginning of the period and Ξt (l) is the share of firm

profits that are returned lump sum to the household.

The household’s capital stock, Kt (l), evolves according to the usual capital

accumulation equation:

Kt+1 (l) = (1− δ)Kt (l) + It (l)

where market clearing in the market for physical capital requires that the sum

of the physical capital stock across households is equal to the sum of physical

capital demand across firms,
∫ 1

0
Kt (l) dl =

∫ 1

0
kt (i) di.

Each household supplies a differentiated type of labor. The function to

aggregate the labor supplied by each household into the aggregate stock of

labor employed by firms is:

Ht =

(∫ 1

0

Ht (l)
θ−1
θ dl

) θ
θ−1

(11)

5Market clearing in the bond market requires that the sum of bond holdings across all
households equals zero,

∫ 1
0
Bt (l) dl = 0.
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where market clearing in the labor market requires that Ht =
∫ 1

0
ht (i) di.

Since the household supplies a differentiated type of labor, it faces a downward

sloping labor demand function:

Ht (l) =

(
Wt (l)

Wt

)−θ
Ht

2.2.1 Wage setting by households

In any given period, household l faces a probability of 1 − ξw of being able

to reset their wage. If the household cannot change its wage then it is reset

automatically according toWt (l) = πIt−1Wt−1 (l), where πIt−1 = πss, the steady

state gross inflation rate. In an alternative version of the model we will consider

the case where wages are indexed to the previous period’s inflation rate, πIt−1 =
Pt−1
Pt−2

.

Assume that complete asset markets exist that allow households to pool

risk. The wage rate and the labor effort will be different across households

due to nominal wage rigidity, but all other variables that appear in the house-

hold budget constraint are equal across households. Thus all households have

the same level of consumption, Ct (l) = Ct and the same marginal utility of

consumption.

If household l is allowed to reset their wages in period t they will set a wage

to maximize the expected present value of utility from consumption minus the

disutility of labor.

Ẽt

( ∞∑
τ=0

βτ (ξw)τ
{
λt+τΠ

I
t,t+τWt (l)Ht+τ (l)− ψ (Ht+τ (l))

1+σH
σH

})
Thus after technical details which are located in the appendix, the house-

hold that can reset wages in period t will choose a wage:
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Wt (l)
θ
σH

+1
=

θ

θ − 1

1 + σH
σH

ψ

Ẽt

( ∞∑
τ=0

βτ (ξw)τ
(
Wt+τ

ΠIt,t+τ

) θ
σH

+θ

(Ht+τ )
1+σH
σH

)
Ẽt

( ∞∑
τ=0

βτ (ξw)τ λt+τΠI
t,t+τ

(
Wt+τ

ΠIt,t+τ

)θ
Ht+τ

)
(12)

If wages are flexible, and thus ξw = 0, this expression reduces to:

Wt (l) =
θ

θ − 1

1+σH
σH

ψ (Ht)
1
σH

λt

When wages are flexible the wage rate is equal to a mark-up, θ
θ−1
,

multiplied by the marginal disutility of labor, 1+σH
σH

ψ (Ht)
1
σH , divided by the

marginal utility of consumption, λt.

Notice again that when expectations of future variables are used to calcu-

late the current optimal wage, agents use the modified expectations operator,

Ẽt (·), instead of the rational expectations operator, Et (·).
Write the wage rate for the household that can reset wages in period t,

Wt (l), asW ∗
t (l) to denote it as an optimal wage. Also note that all households

that can reset wages in period t will reset to the same wage rate, so W ∗
t (l) =

W ∗
t .

All households face a probability of (1− ξw) of being able to reset their

wages in a given period, so by the law of large numbers (1− ξw) of households

can reset their wages in a given period. Substitute W ∗
t into the expression for

the aggregate wage rateWt =
(∫ 1

0
Wt (l)1−θ dl

) 1
1−θ
, to derive an expression for

the evolution of the aggregate wage:

Wt =
(
ξw
(
πIt−1Wt−1

)1−θ
+ (1− ξw) (W ∗

t )1−θ
) 1
1−θ

In the model with limited credibility, the New Keynesian Phillips Curve

relating wage inflation this period to expected future wage inflation and the

marginal disutility of labor this period is given by:
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π̂wt = βẼt
(
π̂wt+1

)
+

(1− ξw) (1− βξw)

ξw

(
σH

θ + σH

)(
1

σH
Ĥt − Λ̂t − ŵt

)
where πwt = Wt+1

Wt
− 1.

If wages that could not be changed in a given period were reset using the

previous period’s inflation rate then the New Keynesian Phillips curve would

be:

π̂wt = π̂t−1−βπ̂t+βEt
(
π̂wt+1

)
+

(1− ξw) (1− βξw)

ξw

(
σH

θ + σH

)(
1

σH
Ĥt − Λ̂t − ŵt

)
Just as before in the Phillips curve with price inflation, persistence is added

to the model with indexation by the presence of the lagged inflation rate in

the Phillips curve equation. In the model with limited credibility, the lagged

inflation rate has an effect on the stock of central bank credibility and thus

on Ẽt
(
πwt+1

)
. The full derivation of both Phillips curves is presented in the

appendix.

2.3 Monetary Policy

The monetary policy instrument is the short-run risk free rate, it, which is

determined by the central bank’s Taylor rule function:

it+1 = iss + θi (it−1 − iss) + (1− θi) (θp (πt − π̄) + θyŷt) +mt (13)

where ŷt = GDPt
GD̃Pt

−1, where GD̃Pt is the level of GDP at time t in an economy

with the same structure as the one just described and subject to the same

shocks, only there are no price or wage frictions, ξp = ξw = 0, and mt is

an exogenous monetary policy shock. π̄ is the central bank’s inflation target,

which is fixed and is not known by the private agents in the economy.6

6The transitory money supply shock mt is needed to reconcile agents’(incorrect) beliefs
about the central bank’s inflation target with their observation of the nominal risk-free rate,
the inflation rate, and the output gap. If the observed risk-free rate was set based on an
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3 Calibration

The various parameters used in the model and their values are listed in table

2. The first five parameters, the discount factor, capital’s share of income, the

capital depreciation rate, the elasticity of substitution across varieties from dif-

ferent firms, the elasticity of substitution between labor from different house-

holds, and are all set to values that are commonly found in the literature.

The next two parameters are the Calvo wage and price stickiness parame-

ters. The wage and price stickiness parameters are set to 0.75, implying that a

household expects to change their wage and firms expect to change their prices

once a year. We use the standard Taylor rule parameters for the parameters

in the monetary policy function. The central bank places a weight of 0.5 on

the output gap, 1.5 on the inflation rate, and 0.9 on the lagged interest rate.

3.1 Calibrating the anchoring of the target

In the version of the model where long-run inflation expectations are perfectly

anchored, φ = 0. In the version of the model with limited credibility, φ > 0,

implying that agents believe the central bank will partially accommodate any

unexpected increase in inflation. Of course, this model is used to consider the

behavior of inflation expectations after the Volcker disinflation, so we assume

that there is no actual accommodation, but it takes a while for the Fed to earn

credibility and convince agents that φ should be zero.

Assume that agents have in mind the following simple model when deter-

mining the φ parameter. Quarter-over-quarter inflation follows a simple AR(1)

process:

πt = ρπt−1 + υt

where ρ is the autoregressive parameter, which agents simply estimate from

the data, and υt are innovations to inflation. Agents believe that a share φ

inflation target of π̄ and yet agents believe that the target is π̃t, then they believe that what
they are seeing is a purely transitory monetary shock mt = (1− θi) (θp (π̃t − π̄)).
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of this shock will be accommodated, and thus agents believe that the central

bank’s inflation target, π̄t, follows a unit root process and in period t will

increase by φυt:

π̄t = π̄t−1 + φυt

Since the inflation target is unobservable, agents construct a series for π̄t
from an H-P filtered series of πt. Thus given the series of actual inflation and

agent’s beliefs about the target:7

φ =

√
var (π̄t − π̄t−1)

var (πt − ρπt−1)

Assume that agents calculate these variances with a 10-year rolling win-

dow. Using a panel of responses from the World Values Survey, Ehrmann

and Tzamourani (2012) find that while memories of hyperinflation episodes

never dissipate, memories of less dramatic high inflation episodes dissipate af-

ter about 10 years. Thus, we assume that when using past observations of

actual and trend inflation to form their beliefs about the credibility of the

central bank and the anchoring of inflation expectations, agents consider the

behavior of actual and trend inflation over the past 10 years. This assump-

tion is consistent with the evidence in Malmendier and Nagel (2013) who find

that an individual’s expectations of inflation are shaped by their own personal

history of inflation, so memories of past episodes of high inflation should fade

as older cohorts are replaced by younger ones. They argue that the effects of

the Great Inflation of the 1970’s on survey based inflation expectations in the

7As discussed earlier, the updating equation in this model looks very similar to that in
Lansing (2009), but the interpretation is different. In Lansing (2009), there is a shock to
the transitory component of inflation and a shock to the trend level of inflation. These
shocks are i.i.d. Agents cannot observe which shock is responsible for the observed increase
in inflation, so they must update their beliefs about the trend level of inflation using a
Kalman updating parameter that minimizes the means square forecast error given the two
unobservable i.i.d. shocks. In this model, agents observe the original shock, but they believe
that the central bank will partially accommodate that shock. The updating equation in this
model has to do with limited central bank credibility and doubts about the commitment to
an inflation target, not uncertainty about shocks.
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United States only begin to fade in the early 1990’s.

Agent’s beliefs about the credibility of the central bank, φ, calculated with

a 10-year moving window, are presented in figure 2. The figure shows that

φ increased greatly during the late 1970’s and peaked at close to 0.08 in the

early 1980’s. This implies that whenever agents observed a 1 percentage point

increase in unexpected inflation, they would assume that the central bank

would partially accommodate this by raising the inflation target by 0.08 per-

centage points. The figure also shows that φ remained high throughout the

1980’s, and only began to fall in the early 1990’s. The φ parameter had an

average value of 0.060 over the period 1984 to 1997 and an average value of

0.019 over the period 1998 to 2011. The figure shows that now the φ para-

meter is less than 0.01, meaning that beliefs about the anchoring of the Fed’s

inflation target have nearly reached the level consistent with full credibility.

However, during the 1980’s and into the early 1990’s, Fed credibility was sig-

nificantly lower, and as will be seen in the next section, only the model with

limited credibility can explain the dynamics of inflation expectations, partic-

ularly long-term measures of inflation expectations, observed throughout the

1984 to 2011 period.

3.2 Shock Processes

In the next section, we will examine the responses of inflation expectations to

both productivity and government spending shocks. For simplicity, we only

consider the effect of one shock at a time, and we assume that each shock

follows an AR(1) process with an autoregressive coeffi cient of 0.9. In one

alternative version in the next section we will consider the case where the

shock is nearly permanent with an autoregressive coeffi cient of 0.999.

Since the model is solved with a first-order approximation around the

steady state, and only one shock is active at any time, the variance of the

shock doesn’t matter for most of the dynamics in the model. To ease the

comparison between the model and the data, the variance of each shock is cal-

ibrated so that the standard deviation of inflation in the model with limited
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credibility is 1.05%, which the same as that in the U.S. during the pre-1998

period, as seen in table 1.

4 Results

Figure 3 plots the level of inflation and inflation expectations in the United

States from 1984 to 2011. The figure plots the levels of inflation and inflation

expectations observed in the data (the data has been demeaned), as well as

the results from two simulations of the model. One set of simulation results

is from the limited credibility model, and one is from the model with full

credibility and full price and wage indexation. The sequences of productivity

shocks driving the two simulations have been backed out of the of the model

and are the sequences of productivity shocks that enable the model to exactly

match the observed path of inflation (and thus the lines in the top left hand

plot in the figure overlap by construction). Then with the sequence of shocks

we can test how well the model is able to track the observed path of inflation

expectations from 1984 to 2011.

Figure 3 shows that the model with limited credibility tracts the path of

inflation expectations remarkably well. The model is able to replicate the

steady decline in the level of long-term measures of inflation expectations over

this period. This is in stark contrast to the model with full credibility and full

price and wage indexation. The model with full credibility cannot replicate

the dynamics of long-term measures of inflation expectations observed in the

data.

From these simulations of the model where the sequences of shocks have

been set such that the model can exactly match the observed path of inflation

over the period 1984 to 2011, the correlation between the path of one-year-

ahead inflation expectations in the data and those in the model with full

credibility is 0.41, but the correlation between the path of one-year-ahead in-

flation expectations in the data and those in the model with limited credibility

is 0.83. Similarly, the correlation between 10-year-ahead inflation expectations

in the data and those in the model with full credibility is 0.12, but the corre-
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lation with those in the model with limited credibility is 0.92. The correlation

between the 5-year-5-year froward expected inflation rate in the data and that

in the model with full credibility is −0.12, but the correlation between the 5-

year-5-year forward in the data and that in the model with limited credibility

is 0.91.

4.1 Moments from model simulations

The volatility and persistence of current and expected inflation taken from

simulations of the model under productivity shocks is presented in table 3.

The table presents simulated moments from four versions of the model. The

benchmark version of the model with full credibility, no price and wage in-

dexation, and non-permanent shocks, the version of the model with limited

credibility, the version of the model with full price and wage indexation, and

the version of the model where the exogenous shock follows close to a unit root

process.

The table is meant to compare the model with limited credibility with

the other modifications of the New Keynesian model authors have proposed

to raise the persistence of inflation. First, from the table it is clear that all

three modifications, limited credibility, indexation, and permanent shocks, in-

crease raise the relative volatility of One-year-ahead inflation expectations, and

they improve the model’s ability to match the positive co-movement between

current inflation and inflation expectations (particularly long-run inflation ex-

pectations).

However, the models with price and wage indexation or permanent shocks

fail to match the relative volatility of long-term inflation expectations. As is

shown in table 1, in the United States in the 1980’s long-run inflation expec-

tations, either the 10-year-ahead expected inflation rate or the 5-year-5-year

forward expected inflation rate are around half as volatile as current inflation.

In the benchmark New Keynesian model they are around a tenth as volatile

as current inflation. Adding intrinsic or inherited inflation persistence does go

some way towards explaining the volatility of 10-year-ahead expectations, but
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these two modifications fail to raise the relative volatility of the 5-year-5-year

forward expected inflation rate. Introducing price and wage indexation or a

near permanent shock process actually leads to a fall in the relative volatility

of the 5-year-5-year forward rate. Only the model with limited credibility,

parameterized to match the anchoring of inflation expectations observed in

the United States, can produce the observed relative volatility of long-run

expected inflation.

Table 4 presents the same model simulation results, only now the model

is driven by government spending shocks instead of productivity shocks. The

results are similar, just as in the case where the model is driven by productivity

shocks, only the version of the model with limited credibility can replicate the

volatility of long-run inflation expectations. Just as before, the versions of the

model with indexation or near permanent shocks bring a slight improvement

in the ability of the New Keynesian model to match the relative volatility of

10-year-ahead inflation expectations, but do not begin to explain the volatility

of the 5-year-5-year forward rate.

Comparing changes in credibility Table 5 presents the results from two

simulations of the limited credibility model, one where the φ parameter has

been set to match the observed credibility in the data from 1984 to 1997,

φ = 0.060, and one where the φ parameter has been set to match the observed

credibility in the post-1998 data, φ = 0.019. The first set of columns presents

the results from simulations to the model under productivity shocks, the sec-

ond set of columns presents simulated responses under government spending

shocks.

Thus table 5 is meant to show whether or not the observed changes in

the dynamics of U.S. inflation expectations from the 1980’s to today can be

explained by changes in central bank credibility, holding all else constant.

The first thing to notice is that the model can explain the fall in U.S.

inflation volatility between the 1984 to 1997 period to the 1998 to 2007 period.

In the data, U.S. inflation volatility fell by 18% over this period. The model

predicts that a change in the φ parameter, holding all else fixed, should result
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in a 22% fall in inflation volatility.

The change in anchoring can also explain the fall in the relative volatility

of various measures of expected inflation. In the data, the relative volatility

of One-year-ahead inflation expectations fell by about 20% and that for long-

run expectations fell by 40%. The model predicts that the relative volatility

of one-year-ahead expectations should fall by about 20% and the volatility of

long-run expectations should fall by 50%.

In the data the contemporaneous correlation between observed inflation

and long-term inflation expectations fell by 50 percentage points. The models

predict that the change in the anchoring parameter φ, holding all else con-

stant, should result in a 40-50 percentage point fall in the correlation between

inflation and long-term measures of inflation expectations.

5 Summary and conclusion

This paper provides a mechanism through which past observations of inflation

can influence the public’s perception of the central bank’s inflation target and

thus can influence inflation expectations into the future. This paper shows how

this mechanism can lead to an increase in the volatility of inflation expectations

in the benchmark New Keynesian model. Other features added to the standard

New Keynesian model, like price and wage indexation, can improve on the

model’s ability to explain the volatility and persistence of current inflation and

short-run inflation expectations, but only the model with limited credibility

can match the volatility of long-run inflation expectations that we see in the

data.

This concept of limited central bank credibility gives rise to two interesting

directions for further research. The first is in an open economy. As described

in the first paragraph of the introduction, when Milton Friedman said that

"inflation is always and everywhere a monetary phenomenon", he was care-

ful to qualify that inflation is a sustained increase in the general price level.

Exogenous shocks, like an increase in commodity prices, could lead to a transi-

tory increase in the price level, but a sustained increase over the long run must
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be driven by monetary policy, or at least the public’s perception of monetary

policy.

Thus an interesting extension of this limited credibility model to an open

economy would be to consider how foreign shocks that cause a transitory

increase in domestic inflation might affect inflation expectations when the

central bank has limited credibility. In this case the transitory increase in

prices due to the foreign shock could have a long-lasting effect on domestic

inflation.8

The second, and closely related direction for further research, relates to the

optimal conduct of monetary policy when the central bank’s stock of credibility

is limited. Orphanides and Williams (2004; 2007) and Gaspar, Smets and

Vestin (2006; 2011) present models where agents’have imperfect information

about the parameters in the central bank’s policy rule function or where they

are unsure if a shock to inflation is transitory or permanent. These models

all show that in this environment, the central bank should be more aggressive

when responding to changes in inflation.

Posen (2011) argues that the central bank’s reaction to a transitory in-

crease in prices should depend on the anchoring of inflation expectations. If

agents’ beliefs about the inflation target are very sensitive to the observed

inflation rate (in terms of the model, a high φ parameter) then then central

bank will want to be very aggressive in responding to transitory increases in

inflation, but as expectations become better anchored and agents’beliefs be-

come less responsive to the observed inflation rate (a lower φ parameter) then

the central bank may not want to be as aggressive in responding to transitory

movements in prices. Thus an interesting direction for further research would

be to quantify how the central bank’s optimal monetary policy depends on

8In a similar vein, a number of papers have shown that the effect of transitory oil price
shocks has diminished over time and go on to argue that one of the reasons for this change
is improved central bank credibility (e.g. Blanchard and Gali (2007), Leduc, Sill and Stark
(2007), Mehra and Herrington (2008), Blanchard and Riggi (2009), Evans and Fisher (2011))
However, these papers generally divide the sample into pre- and post-1979 periods. Given
that the reestablishment of Fed credibility occurred much later, an interesting direction for
further research would be to study the effect of oil price shocks on U.S. inflation pre- and
post-1997.
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this "anchoring" of inflation expectations.
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Table 1: Volatility and Persistence of inflation and inflation expectations.
Inflation expectations data is from the dataset produced by the Federal Reserve
Bank of Cleveland and described in Haubrich,Pennacchi, and Ritchken (2011)

U.S. Data
1984− 1997 1998− 2011 1998− 2007

Standard deviation (%) πt 1.05 1.30 0.86

Standard deviation Et (πt+1) 0.68 0.58 0.56

relative to πt 1
10

10∑
i=1

Et (πt+i) 0.64 0.36 0.39

Et

(
1
5

10∑
i=6

πt+i

)
0.59 0.32 0.36

Correlation with πt Et (πt+1) 0.68 0.46 0.28

1
10

10∑
i=1

Et (πt+i) 0.54 0.21 0.06

Et

(
1
5

10∑
i=6

πt+i

)
0.51 0.15 0.00

Correlation with πt−1 Et (πt+1) 0.65 0.31 0.48

1
10

10∑
i=1

Et (πt+i) 0.54 0.14 0.08

Et

(
1
5

10∑
i=6

πt+i

)
0.51 0.09 −0.01

Autocorrelation πt 0.86 0.62 0.58
Et (πt+1) 0.86 0.55 0.33

1
10

10∑
i=1

Et (πt+i) 0.91 0.88 0.79

Et

(
1
5

10∑
i=6

πt+i

)
0.90 0.88 0.78
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Table 2: Parameter Values
Symbol Value Description

β 0.99 discount factor
α .36 capital share in production of value added
δ 0.025 capital depreciation rate
σ 10 elasticity of substitution (eos) across varieties from different firms
θ 21 eos between labor from different households
ξp 0.75 probability that a firm cannot reset prices
ξw 0.75 probability that a household cannot reset wages
θp 1.5 coeffi cient on inflation in the Taylor rule
θy .5 coeffi cient on the output gap in the Taylor rule
θi .9 coeffi cient on the lagged interest rate in the Taylor rule
φ 0.06 or 0.019 parameter describing agents’beliefs about central bank accommodation
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Figure 1: Headline inflation and measures of inflation expectations in the
United States from 1984 to 2011.
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Figure 2: Estimated value of the inflation expectations anchoring parameter
φ
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Figure 3: U.S. inflation and inflation expectations from 1984 to 2011. The
solid line is the data, the dashed line is from simulations of the New Keynesian
model with full price and wage indexation, the line with stars is from the New
Keynesian model with limited central bank credibility.
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