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Abstract

We develop a theory of how inflation expectations respond to monetary policy, empha-
sizing the role of purposeful policymakers who strategically influence private agents’
learning and expectation formation. The central mechanism linking expectations and
policy is reputation — private agents’ belief in the policymaker’s commitment to an-
nounced inflation targets. Reputation evolves as agents update their beliefs based on
deviations of actual inflation from announced targets. This, in turn, affects their ex-
pectations of future inflation and the effectiveness of monetary policy. Optimal policy
internalizes this feedback between expectations and policy outcomes. We present a
recursive solution and a quantitative implementation of the model calibrated to U.S.
inflation history. We also provide empirical evidence supporting the model’s prediction
of time-varying sensitivity in long-term inflation forecasts to inflation surprises.
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looking expectations
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1 Introduction

Managing expectations is central to monetary policy decisions, because inflation expecta-
tions are important for economic activities (Coibion et al. (2018b)) and inflation dynamics
(Beaudry et al. (2024)), and are responsive to central bank policy communication (Hansen
and McMahon (2016), Haldane and McMahon (2018), Blinder et al. (2024)).

This paper develops a theory of how inflation expectations respond to monetary policy,
emphasizing the role of purposeful policymakers who strategically influence private-sector
learning and expectation formation. We show how to bring the theory to the data and use it
to account for the joint dynamics of U.S. inflation and inflation expectations. Empirically, we
validate the model’s prediction about the evolving sensitivity of long-term inflation forecasts
to inflation surprises.

We employ a variant of the textbook New Keynesian (NK) model featuring forward-
looking inflation dynamics, purposeful policymakers with a dual mandate to stabilize in-
flation and output, and stochastic regime changes.! The committed policymaker follows an
ex-ante optimal, state-contingent inflation plan, while the opportunistic policymaker chooses
inflation sequentially to maximize short-term objectives. Private agents do not observe the
policymaker’s type or chosen inflation directly; instead, they observe noisy realizations of
inflation, which they use to update beliefs about the likelihood that the policymaker is
committed—this belief constitutes the policymaker’s reputation—and to form expectations
about future inflation.

A key conceptual result is that high reputation narrows the equilibrium policy gap be-
tween the two types, as the opportunistic policymaker is less tempted to deviate. In contrast,
low reputation widens the gap, as the committed type has stronger incentives to accelerate
private-sector learning. We show that this mechanism is essential for quantitatively match-
ing salient features of U.S. inflation history, e.g., the Volcker disinflation, and for explaining
the time-varying response of long-term inflation forecast revisions to inflation surprises.

Our modeling approach builds on a mass literature, pioneered by Lucas, Sargent, Kyd-
land and Prescott, that stresses the importance of policymaker commitment capacity in eco-
nomic policy. Lucas and Sargent (1979) showed that traditional econometric models were
inappropriate for analysis of exogenous policy rules when rational expectations is coupled
with forward-looking private sector behavior. Kydland and Prescott (1977) took the next
step by incorporating purposeful policymakers into theoretical macroeconomic environments,

LA regime is a time interval during which outcomes are interpreted as the choices of a single policymaker.
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formulated as dynamic games. They stressed the importance of policymaker commitment ca-
pacity, showing how its absence could radically change positive and normative outcomes. In
the extensive elaboration of these insights over the ensuing decades, there has been growing
recognition that private sector learning is important and, indeed, that policymaker commit-
ment capacity is inherently unobservable. A substantial body of literature now integrates
private sector learning into the theory of economic policy.? Yet, an important gap remains
as little research features purposeful policymakers who actively seek to steer the learning of
private agents.

This paper shows how to close this gap. We use the insights of modern contract theory
(mechanism design) to develop a computable recursive equilibrium for a dynamic game with
two types of purposeful policymakers, one which can commit and one which cannot, and
private agents who learn policymaker type in a Bayesian manner. Forward-looking behavior
of private agents, coupled with both types of policymakers being purposeful, necessitates our
novel theoretical approach. In recursive equilibrium, reputation — defined as private agents’

likelihood that the policymaker can commit — emerges as a key endogenous state variable.

Why new theory is necessary Forward-looking inflation dynamics in New Keynesian
(NK) models have largely replaced earlier specifications used by Lucas, Sargent, Kydland,
and Prescott, in which private agents form intra-temporal expectations—that is, they expect
policy to be chosen in the same period as expectations are formed. In response to supply
shocks, forward-looking dynamics increase the gap between optimal inflation policy with
and without commitment.® Some earlier studies examine the interaction between optimal
inflation policy and reputation under intra-temporal expectations, Cukierman and Liviatan
(1991); King et al. (2008); Lu (2013); Dovis and Kirpalani (2021), taking advantage of the
fact that these expectations allow dynamic games to be solved using backward induction.
When expectations are forward-looking, strategic interactions become intertemporal and
the earlier techniques no longer apply. To see why, consider the choice of period-t committed
policy: the period-t payoff depends on private agents’ expectations, which are affected by
future committed policy, future opportunistic policy, and reputation (private agents’ likeli-
hood that each policy will take place). But future opportunistic policy cannot be taken as
given because it optimally responds to future private agents’ expectations that change with

how period-t committed and opportunistic policies affect the evolution of reputation.*

2Gee for examples: Barro (1986), Backus and Driffill (1985), Phelan (2006), Dovis and Kirpalani (2022).
3See, for example, Clarida et al. (1999).
4A common way to avoid these strategic interactions is to assume that one type of policymaker being an
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Our new mechanism design approach directly tackles these complications. To begin, we
recast the equilibrium of the dynamic game as the solution to a dynamic principal-agent
problem. The committed policymaker acts as principal to choose state contingent plans
for his own policies, the policies of the opportunistic type subject to incentive compatibility
constraints, and private agents’ expectations subject to rational expectation constraints. We
then use the techniques of dynamic contract theory to formulate the principal-agent problem
as a recursive optimization with only three state variables including a highly persistent

reputation state,” a more temporary cost-push shock,® and a predetermined pseudo state.”

Dynamic theory makes quantitative history feasible Based on the solution to the
recursive optimization problem, we construct a calibrated quantitative model that maps
structural shocks and latent states to observable macroeconomic data. In particular, we
require that the model’s inflation expectations match time series from the Survey of Pro-
fessional Forecasters (SPF), beginning in late 1968. The key identification assumption is
that short-term SPF forecasts are more sensitive to temporary factors, such as cost-push
shocks, while longer-term forecasts reflect persistent influences, such as the evolution of pol-
icymaker reputation. Formally, we exploit the fact that the model’s dynamic system implies
a nonlinear filtering structure that allows us to jointly identify shocks and states.®

Explaining joint dynamics of expected and actual inflation The nonlinear filter
produces estimated reputation that exhibits a big swing, declining throughout 1970s to near
zero by the end of 1980 and gradually climbing back afterwards. Using the estimated shocks
and states, we compute the model-implied inflation values. Remarkably, these values align
closely with the observed U.S. inflation, despite the fact that the observed inflation data
is not used in estimating shocks and states. To assess the importance of purposeful policy

in shaping private-sector learning, we conduct a counterfactual exercise in which a naive

automaton (Lu et al. (2016), Amador and Phelan (2021), Morelli and Moretti (2023)), or to assume that
the committed policymaker ignores the effect of his policy on private sector learning (Clayton et al. (2025)).
However, our analysis below indicates that these assumptions have considerable effects on outcomes, which
are — to our minds — undesirable.

5Reputation is capital for the committed policymaker but is a martingale in the eyes of private agents.

6We use common terminology for this shock, which shifts the policymaker’s output-inflation trade-off.

7As in other studies of optimal inflation policy, this variable is required to place the committed policy in
recursive form, as discussed further below.

8The standard Kalman filter is not applicable due to the model’s nonlinearity. We instead use a “sigma
point” approximation method—the unscented Kalman filter—which has been shown to perform well in
nonlinear regime-switching models. See Séarkkd and Svensson (2023) for an overview of Gaussian filtering and
Binning and Maih (2015), Benigno et al. (2020), and Foerster and Matthes (2022) for recent macroeconomic
applications.
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committed policymaker optimizes inflation policy but ignores its impact on belief updating.
The results show that such a policymaker takes significantly longer to disinflate the economy
than what was observed during the Volcker disinflation following 1981.

Forecast revision regressions validate our theory According to our theory, long-term
inflation expectations depend on a reputation state that evolves through Bayesian updating
of inflation forecast errors. Moreover, the sensitivity of reputation to forecast errors depends
on optimal inflation policies and thus on the time-varying reputation state. We test these
implications using regressions of SPF long-term forecast revisions on nowcast forecast errors
and find that the estimated coefficient on forecast errors indeed is time-varying and in a

pattern consistent with theoretical predictions.

Links to the broader literature Our reputational equilibrium analysis adopts one of
the two approaches in modern game theory, originated from Milgrom and Roberts (1982)
and Kreps and Wilson (1982).° Based on Bayesian learning in a noisy environment, our
reputational state variable is the likelihood that the current policymaker has commitment
capability. Another familiar reputational approach, introduced by Barro and Gordon (1983)
to macroeconomics, demonstrates that reputational forces may substitute for commitment
capability, leading a “discretionary” policymaker to behave like a committed one as in the
important modern literature on sustainable plans (Chari and Kehoe (1990)).!% However,
policymaker reputation does not vary over time in the sustainable plan literature: it is
either excellent or nonexistent. Our learning-based framework permits reputation building
by a policymaker that can commit and reputation dissipation by one that can’t.

Our paper is related to a large literature studying the rise, fall and stabilization of US
inflation, but our approach is quite different. Sargent (1999) stimulated a literature on the
role of a purposeful policymaker’s beliefs that does not require exogenous regime changes,'!
with Primiceri (2006) extending this approach and quantifying shifts in estimates of the
Phillips curve slope and intercept. Bianchi (2013) and Debortoli and Lakdawala (2016)

9For a general discussion and specific examples see Mailath and Samuelson (2006). These leading theorists
advocate for studying reputation as we do, writing “The idea that a player has an incentive to build, maintain,
or milk his reputation is captured by the incentive that player has to manipulate the beliefs of other players
about his type. The updating of these beliefs establishes links between past behavior and expectations of
future behavior. We say ‘reputations effects’ arise if these links give rise to restrictions on equilibrium payoffs
or behavior that do not arise in the underlying game of complete information.”

10Within the NK framework, optimal policy under commitment involves time-varying inflation when there
are Phillips curve shocks: Kurozumi (2008) and Loisel (2008) show that a policymaker without commitment
capability can be led to follow such a policy if he is sufficiently patient and the shocks are not too large.

See the Riksbank review article by Sargent and Soderstrom (2000) for an introduction.

4
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develop and estimate models in which private agents anticipate a possible exogenous policy
regime change but do not face a learning problem. Our quantitative theory emphasizes the
evolution of private agents’ beliefs and we use the SPF to extract the evolution of such beliefs.
In seeking to recover the evolution of private agents’ beliefs about the commitment capacity
of the Fed, our work is related to Matthes (2015), but policymakers in his study don’t

122 Our model features interaction of private

purposefully manage private sector learning.
sector learning and optimal policies with and without commitment, which we see as essential
to matching the pattern of actual inflation and its comovement with the SPF.

Hazell et al. (2022), Carvalho et al. (2023), and Beaudry et al. (2024) emphasizes the
importance of inflation expectation in understanding inflation dynamics. Our work comple-
ments theirs by highlighting the role played by monetary policy in determining the dynamics
of inflation expectation, and how optimal monetary policy could take into account its role
in shaping inflation expectations to improve future output-inflation trade-off.

Use of the SPF also links our research to the large and growing literature on survey
measures of inflation (Coibion et al. (2018a)). The SPF forecasts systematically underesti-
mated inflation during its rise in the 1970s and then systematically overestimated it during
its decline. Our explanation of persistent forecasting errors is consistent with the view that
these SPF anomalies arise from agents not knowing the policy regime (Evans and Wachtel
(1993), Coibion et al. (2018a)) or the model generating the data (Farmer et al. (2021)). Our
work differs from the existing literature by having unknown policy optimally evolving over
time, rather than being generated by a random process or by exogenous policy rules.

Organization Section 2 describes the economy. In section 3, we cast the macroeconomic
equilibrium in game theoretic terms, defining a Bayesian perfect equilibrium. In section 4,
we develop a recursive equilibrium and describe how to solve it. In section 5, we elaborate
our new method of latent state extraction from the SPF and use it to perform quantitative
analysis of U.S. inflation history. In Section 6, we highlight strategic reputation management
as a central feature of our model and explain how it helps to account for the Volcker disin-
flation and the time-varying sensitivity of long-term inflation forecasts to inflation surprises.
Section 7 concludes.

12 Other papers that investigate U.S. inflation history with private sector learning include Ball (1995),
Erceg and Levin (2003), Orphanides and Williams (2005), Goodfriend and King (2005), Cogley et al. (2015),
and Melosi (2016).
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2 The Economy

A policymaker designs and announces a plan for current and future inflation. A private
sector composed of atomistic forward-looking agents is uncertain whether the policymaker
can commit or not. Their forward-looking decisions reflect the possibility that an announced

policy plan may not be executed.

2.1 Private sector

Private agents’ behavior is captured by a standard NK Phillips curve

(1) T = BEymi1 + KTy + Gy,
—_——

€t

where 7, is inflation, z; is the output gap, and ¢; is a cost-push shock governed by an
exogenous Markov chain with the transition probabilities ¢ (¢;11; ;) . Private agents’ discount
factor is B and Eymy.q is their expectation about the next-period inflation, with e; shorthand

for discounted expected inflation.

2.2 Policymaker

The policymaker is responsible for the inflation rate, 7, but cannot control it exactly.'®
There are two types of policymaker. A committed type (7 = 1) chooses and announces an
optimal state-contingent plan for intended inflation at all dates when he first takes office and
executes it in all subsequent periods until replaced.!* The committed inflation plan therefore
shapes private agents’ expected inflation. An opportunistic type (1 = 0) makes the same
announcements,'® but chooses intended inflation on a period-by-period basis.

At the start of each period, the policymaker may be replaced through a publicly observed
mechanism: the replacement event (6; = 1) occurs with probability ¢. If no replacement

13We use “policymaker” rather than “central banker” to recognize that inflation policy may be the result
of various actors. For example, DeLong (1996), Levin and Taylor (2013), and Meltzer (2014) stress various
political influences on monetary policy outcomes, while other economists see direct fiscal links to inflation.

14\We specify intended inflation rather than intended output for analytical convenience, as they are equiv-
alent via the Phillips curve. We also abstract from policy instruments because policy outcome rather than
instrument matters in the model, c.f. Faust and Svensson (2001) and Sargent (1999).

15The opportunistic type makes the same announcements as the committed type to avoid revelation. In
a related fiscal model, Lu (2013) shows that the unique signalling equilibrium involves the committed type
announcing a policy that solves his optimal policy problem and the opportunistic type sending the same
message. We therefore abstract from the analysis of signalling equilibria.
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occurs (0; = 0), the policymaker type remains unchanged. We discuss the reputation of a
new policymaker further below.

Crucially, the private sector does not observe the policymaker’s type (7;) or his intended
inflation, denoted by a; for the committed type and «; for the opportunistic type. Yet, it
observes an inflation rate 7; which deviates from the policymaker’s intention by a random
i.i.d. implementation error vy ~ g(-) with g(-) = N (0,03 ):'°

(2) Ty = T¢Qyt + (1 — Tt)a/t + Ur t-

The policymaker’s momentary objective depends on inflation m and output gap .
1 *\ 2 *\2
(3) u(mz) = —g|(m =) + Jufz — 27)7]

There is a long-run inflation target 7* and a strictly positive output target x*.
The committed type discount factor is 3,; the opportunistic type is myopic.'”

2.3 Timing of events

Private agents start period t with a probability that the incumbent policymaker is the
committed type, which we denote by p, and call reputation. The within-period timing is
shown in Figure 1. First, policymaker replacement may or may not occur. If this public
event does occur (0; = 1), the regime clock ¢ is set to zero and the new policymaker’s initial
reputation p, is a random draw from the distribution =(p,|p;) with support [0,1] and permits
some reputation inheritance. Second, the exogenous cost-push shock ¢; is realized. Third,
there is a policy announcement. If the policymaker is new, he announces a new inflation plan
that specifies current intended inflation a;. Otherwise, either type of continuing policymaker
reiterates current economic conditions that call for an intended inflation a; according to
the plan announced at the start of the current regime. Fourth, private agents form their
expectations about the next-period inflation, ¢;. Fifth, the policymaker implements intended

inflation, a; or ay, depending on his type. Sixth, this action leads to a random inflation rate

16We interpret random implementation error as a reduced-form representation for all unforeseeable factors
that affect inflation beyond policy, following Cukierman and Meltzer (1986), Faust and Svensson (2001),
Atkeson and Kehoe (2006), etc. There is also ample evidence that realized inflation rates miss the intended
inflation target, with examples including Roger and Stone (2005) and Mishkin and Schmidt-Hebbel (2007).

17 A myopic opportunistic type is the most parsimonious modeling of an optimizing non-committed poli-
cymaker. Our framework and recursive method can be extended to a long-lived opportunistic type, but we
leave that extension for future research.
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Figure 1: Timing of events within a period

Intended Private agents  Intended
Policymaker inflation forminflation inflation
is replaced Cost push | announced: expectation implemented: | Inflation 7,
or not 6, shock ¢; a; Eimiiq ‘ a; or o Output gap x;

v

7; with a density g(m¢|a;) or g(m|ay),'® and an output gap z; determined by the Phillips
curve. New information leads private agents to update their beliefs about policymaker type.

3 Macro Equilibrium in a Dynamic Game

Our economy features random regime switches. In each regime, the policymaker can be one
of two types, but their actions do not fully reveal their identity. Private agents form beliefs
about the policymaker’s type and use these beliefs to forecast future inflation. Following
a regime switch, a new inflation plan is initiated and private agents’ beliefs about the new
policymaker’s type are reset randomly to p,. This structure allows each regime to be modeled

as a dynamic game with incomplete information. We now describe its equilibrium.

Public Equilibrium Define the public history of the current regime h, = {h;_1, 71,5}
as the collection of all past inflation realizations and exogenous states, with hy = {pg, <0}
being the public history of a new regime. We restrict our attention to equilibria in which all

strategies depend only on the public history, i.e., public strategies.*’

Perfect Bayesian Equilibrium We further require the equilibrium of this incomplete
information game to be perfect Bayesian. That is, private agents’ beliefs are consistent and

the strategies of the two types of policymakers satisfy sequential rationality.

3.1 Consistent beliefs: reputation

Consistency of beliefs requires that private agents’ assessments of policymaker type are

updated according to Bayes’ rule (4) which depends on policymakers’ equilibrium strategies

18With a slight abuse of notation, g(r|ra + (1 — 7)a) is the density function of v, = 7 — [ra + (1 — 7)a/.

9This restriction is innocuous because: (1) the private sector’s strategy is public since its information set
is ht; (2) the committed type’s policy is public since it follows the announced policy plan, which needs to be
verifiable by the private sector; and (3) given all the other player’s strategies are public, it is also optimal
for the opportunistic type to choose public strategies (Mailath and Samuelson (2006)).
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and observed inflation ;. Within a regime, private agents’ beliefs p are updated recursively,

p (hi) g(mila (he))
he) g(mela (he)) + (1 = p (he))g(me| e (he))

(4) p(hiy1) = p(he,me) = o

If a new regime starts at t, the departing policymaker’s reputation p(h;) affects the distri-

bution of the new policymaker’s initial reputation: p, ~ Z(py|p(h¢)).

3.2 Consistent beliefs: inflation expectations

Inflation expectations must be consistent with private agents’ beliefs about policymaker type
and equilibrium strategies. If a new regime starts at ¢, the consistent nowcast of inflation is:

(5) z(hy) :/[Poa(/)mgt)+(1_P0)04(PO>%)] d=(polp(ht)).

Within a regime, expectations of future inflation are:

(6) €<ht) = BE(WtJrl‘ht) = Bp(ht)E(WtH‘ht;Tt = 1) + 5(1 - p(ht))E(WtJrl‘ht;Tt = 0)

In both (5) and (6), higher reputation makes expectations more responsive to committed
policymaker’s future inflation intentions. Turning to the details of (6),

E(mpalhe, 7o =1) = /Z p(serrs o) (1= q) alhisr) + ¢z (huya)] g(mifalhe) ) dmy

St+1

E(mypi|he, 76 =0) = Z o(Ser1;6e) [(1 = @) alhis1) + qz (hega)] g(mi|a(he) )

St+1

E(myy1|he, 7¢ = 1) is conditional on the incumbent policymaker being the committed type.
The committed type’s intensions lead to stochastic inflation, with density g(m|a(h;)), con-
tributing to history h; 1 = {hy, 7,541} If the regime continues next period, the expected
inflation will be the committed type’s intended inflation a(h;;1). In the event of a regime
change next period, the consistent belief is the history-dependent future nowcast z(hyy1).
Similarly, E(my1|hs, 7 = 0) is conditional on the incumbent policymaker being the op-
portunistic type. It will generate stochastic inflation 7, with density g(m:|a(h:)) and will
implement a(h;;1) next period if the regime continues. In the event of a regime change next
period, the expected inflation is z(hyi1).
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3.3 Sequential rationality of the opportunistic type

Denote u (a, e,¢) = [u(m, (7, e,5)) g (r|a) dr as the expected momentary objective when
the NK Phillips curve (1) is used to replace z with x(m,e,¢) = (r —e —¢) /K. A myopic
opportunistic policymaker chooses intended inflation o each period to maximize the expected
momentary objective, taking the expected inflation e, = e(h;) as given:

(7) a(hy) = argmax u(a, e, ;)

[0}

The quadratic objective implies a linear best response of a to e and .
(8) oy = Aey + B(st)

with A =4,/(9, + £?), and B(s;) = (1 — A)7* + Ara* + Ag,.

Since Kydland and Prescott (1977), it has been understood that there is inflation bias
when the central bank cannot commit. In our setup with incomplete information, the extent
of inflation bias oy — 7* varies with private agents’ expected inflation e, = B(Eymiyq).

To highlight this unique feature, we rewrite (8) as ay — 7 = 1 + AB(Eymyy1 — 7*) by
denoting ¢« = A(kaz* — (1 — 8)7*) and setting ¢; = 0, and plots the best response function
with the 45 degree line in Figure 2. If private agents expect the inflation to be at target, i.e.,
Eymy 1 = m*, the optimal inflation bias is ¢; we define this as intrinsic inflation bias. If the
policy without commitment is fully expected, i.e., Fymi1 = o4, the optimal inflation bias
is the intersection of the two lines ¢/(1 — ApB); it is the well-known Nash equilibrium (NE)
inflation bias. When Af is close to one, NE inflation bias (square marker) can be much
larger than intrinsic inflation bias (diamond marker), as it will be in our quantitative model.

Our quantitative model with incomplete information captures the U.S. inflation dynam-
ics of the 1970s as responding to gradually rising expectations as agents learn that the
policymaker is opportunistic and follows (8). Foreshadowing this result, Figure 2 shows
two one-quarter-ahead inflation forecasts from the Survey of Professional Forecasters (SPF),

illustrating the impact of rising expectations on opportunistic policy.

20As is conventional, these inflation bias measures are derived without any shock .

10
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Figure 2: Optimal Response of Opportunistic Policy to Inflation Expectations

10
8
ap — = AB(Ey(mp1) — %) + ¢
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& 4 intrinsic inflation bias: ¢
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Ey(mi1) —

The figure shows how the opportunistic policymaker’s optimal inflation bias varies with expected inflation,
alongside the 45-degree line. Their intersection (square marker) denotes the Nash equilibrium (NE)
inflation bias, where policy without commitment is fully anticipated. The diamond marker shows the
intrinsic inflation bias, assuming agents expect inflation at target. Two SPF one-quarter-ahead forecasts
illustrate how rising expectations influence opportunistic policy.

3.4 Sequential rationality of the committed type

The committed policymaker selects and announces a state-contingent plan for current and
future intended inflation {a,}°, at the start of his term and then subsequently executes it.

The strategy of the committed type is sequentially rational if he maximizes the expected
present discounted payoff at the beginning of his term,?!

(9) Up = (Ba(1= )" Y p(he)ular, e(he), <o),

t=0

where u (a,e,5) = [u(m, z(m, e,)) g (w|a) dr with z(m,e,¢) = (7 — e — <) /K, and

(10) p(he) = (e Se—1)g(me—alalhi—1))p(hi-1)

The probability of a specific history h; = [, m—1, hy—1] is conditional on inflation being

21'We assume the committed policymaker maximizes payoffs within his own term, so his discounting in-
cludes both the time discount factor 3, and the replacement probability q.

11
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generated by the committed type, combining the likelihood of the shock ¢, the likelihood of
inflation 7 given the committed type’s decision, and the probability of the previous history.??

In selecting the state-contingent plan a(h),-,, the committed policymaker takes into
account the strategic power of his plan in shaping how private agents’ inflation expectations
e; respond to the history h;. The consistent expectations condition (6) reveals three channels
through which this strategic power operates:

i) Anchoring expectations: e(hy) is partially anchored by the next-period committed pol-
icy a(hi1). i) Managing perceived opportunistic policies: the opportunistic policymaker
chooses a(h;) as a best response to e(h;) under sequential rationality. Thus, by influencing
expectations, the committed policymaker also indirectly shapes the perceived behavior of
the opportunistic type. iii) Building reputation: the strength of the anchoring effect de-
pends on p(h;), which evolves based on the history of past committed policies and perceived
opportunistic policies, a(h;_1) and a(h;_1).

3.5 Public Perfect Bayesian Equilibrium

We now define our dynamic game’s Public Perfect Bayesian Equilibrium (PBE).
Definition 1. A Public Perfect Bayesian Equilibrium is a set of functions in each history
{z(he), e(he), p(he), a(hy), a(hy) }2, such that:

(i) given a(hy), a(hy), and p(hy), private agents’ nowcast of inflation z(h;) conditional on
a replacement satisfies (5);

(ii) given a(h:), a(hy), and z(hy), private agents’ beliefs of policymaker type p(hyy1) are
updated according to (4); and their expected inflation function e(h;) satisfies (6);

(iii) given the expected inflation function, e(h;), the action of the opportunistic type
policymaker «(h;) maximizes his expected payoff (7);

and, at the start of a regime (t=0),

(iv) the strategy for the committed type policymaker {a(h;)}2, maximizes his expected

payoff (9), taking into account the strategic power of {a(h:)}52, on {e(h:) }52, and {a(hs) }52,-

4 Constructing the Equilibrium

Construction of the Public PBE is usefully viewed as inner and outer loops of a program.
The inner loop builds a within-regime equilibrium {e(h;), p(h;), «(hs), a(hy)} taking as given

22There is a slight abuse of notation here by using summation ¥ over history to capture the joint effects
of continuous distribution of 7 and discrete Markov chain distribution of ¢.
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beliefs z(h;) about the consequences of a regime change. The outer loop adjusts the beliefs

z(hy) to be consistent with future regime outcomes, i.e., to attain a fixed point between z(h;)
and {a(hn), a(hn), plho)}.

4.1 Our novel principal-agent approach

The strategic power of the committed policy plan {a(h;)}:2, over {e(h:)}i2, and {a(h:)}:2,
makes solving the within-regime equilibrium challenging. The committed policymaker’s op-
timal choice depends on the actions of the opportunistic type, as private agents’ expectations
reflect a weighted average of both types’ future policies. At the same time, the committed
type cannot treat opportunistic policy as fixed, since the opportunistic type responds to
expectations — which are themselves shaped by the committed policy plan.

To address these challenges, we reformulate the within-regime equilibrium as a principal-
agent problem. The committed policymaker, acting as the principal, maximizes (9) by
choosing state-contingent plans for his own actions and those of two agents — the private
sector and the opportunistic policymaker — subject to two incentive compatibility (IC) con-
straints: (i) consistent beliefs and rational expectations by private agents (4) and (6); and
(ii) the opportunistic type’s optimal response to expected inflation (8).

This principal-agent problem differs from the standard literature?® in that one of the
agents — the private sector — disagrees with the principal in the probability of a specific his-
tory. The private sector thinks that current inflation could be generated by the opportunistic
policymaker, as captured in E(my1|hs, 7 = 0) in the rational expectations constraint (6).
By contrast, the committed policymaker knows that current inflation is generated by his
policy choices, as reflected in p(h;) in the intertemporal objective (9).

The disagreement is particularly relevant when the opportunistic policy optimally re-
sponds to expected inflation, as different paths of realized inflation lead to different future
opportunistic policies. The disagreement in the probability of current inflation thus results

in different inflation expectations by the committed policymaker and the private sector.?*

4.2 Recursive formulation

A key necessary step in recursive formulation is to cast the Lagrangian component associated

with the rational expectation constraint (6) into recursive form. Disagreement in inflation

23The standard approach to solve Ramsey equilibrium is laid out and advanced by Kydland and Prescott
(1980), Chang (1998), Phelan and Stacchetti (2001) and Marcet and Marimon (2019).

24The disagreement in the probability of current inflation will be inconsequential if the non-committed
type of policymaker follows a policy rule that depends only on exogenous shocks, as in Lu et al. (2016).
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expectations between principal and agent poses a challenge in this regard. We overcome
it by a “change of measure” that expresses E(mii1|hy, 7¢ = 0) in terms of the committed
type’s probabilities, replacing g(m:|a(hy)) with A(me, at, o) g(mi|a(hy)) where Ay, ar, o) =
g(me|aw)/g(mi|ar) is the likelihood ratio. We then establish:?®

Proposition 1. Given z(s, p), the within-regime equilibrium is the solution to:

(11) W (s, p,n) = minmax{u(a,e, <)+ [yve — pwla, o, p,<)] +

’y a7a’e

Ba (1 - q)/Zs@(c’;<)W(<’,p’,u')g(7rla) dr},

(12)  withw(a,a,p,6) = (1—q)a+qz(s,p) + % [(1—¢q)a+ qz(s, p)]

(13) a = Ae+ B(s)
g :
(14) po= mw, given fy =0
(15) po= py(rla) with prob g(7|a), given p,

pg(rla) + (1 — p) g(|a)

The component (ye — uw) arises from the Lagrangian component of the rational expec-
tations constraints (6) expressed in the recursive form. « is the multiplier to the constraint
(6) and is the shadow price of honoring the promised inflation (choice of €).?® The pseudo
state variable p records past promises made by the committed type (contained in w).

With incomplete information and stochastic replacement, the composite promise term w
defined in (12) contains more than the committed type’s promised a, because the expected
inflation by private agents also depends on their perceived inflation a intended by the op-
portunistic type and their nowcast of inflation z in a new regime.?” The weight (1 — p)/p
attached to [(1—¢q)a+qz(s, p)] reflects the divergent probability beliefs about inflation 7 held
by the committed policymaker and private agents. Appendix A.9 explains how we eliminate
the likelihood ratio A from the state space.

25 Appendix A provides a detailed derivation of the recursive program.

26Qur rational expectations constraint (6) is equivalent to the Phillips curve. Viewing it as an inequality
constraint, with z; < (m; — BEimi+1 — st)/k, the Phillips curve defines a set of feasible output gaps and
inflation rates. Thus, the associated multiplier - is nonnegative.

2TNote w = a when ¢ = 0, 3, = 3, and p = 1. This is a textbook NK policy problem in recursive form.
Appendix A.10 provides a fuller discussion.
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4.3 The outer loop fixed point requirement

In a PBE, the nowcast of inflation 2*(¢, p) in a new regime must satisfy

(16) 2*(c,p) = /[Poa*(§>P0a0§ 2°(s,p)) + (1 = po)a’™(s, po, 0; 2°(s, p))|d= (o p)

a*(.) and a*(.) are the within-regime equilibrium strategies obtained in the recursive program
(11) given z*(s, p). The pseudo-state p, in the new regime is zero as a new policymaker is

not held accountable for prior commitments made by his predecessor.?®

4.4 Managing expectations

The recursive formulation simplifies the committed policymaker’s management of expecta-
tions by reducing the problem to the choice of just two variables: the contemporaneous

policy difference § = a — «, and the future pseudo-state variable /.2

Lemma 1. Given (¢,p) and future equilibrium strategies a* (¢’, o/, 1), o* (¢, p/, /') and
2* (¢, p'), rationally expected inflation is uniquely determined by ¢ and p’;

(17) e=e(0,156,p) = Bp [ Ma(s,b(vr,vr +6,p), 1) g(vr)dvy +
B(L = p) [ Mo(s,b(vr = 0,0r, ), 1) g(Vr)dvg;
_ g(mr —a)p

where b(m —a,m —a,p) = ;
( T VS o

My (s,p,1") = o591 —q)a (0 1) + g2 (s )]
Ma(s,0,1) = oo (59 [(1=q e (.0, 1) + a2 (<, p)].

The policy difference 0 enters the function b(-) — the Bayesian learning rule (4) that describes
how p’ updates in response to the observed inflation outcome 7. The distribution of
depends on the policymaker type: m = a + v, if the policymaker is committed, and 7= =
a+v, if opportunistic. A larger policy difference speeds up private-sector learning about the
policymaker’s type by increasing the informativeness of inflation outcomes and sharpening

the direction of p’ adjustment, given the actual type.

28Schaumburg and Tambalotti (2007) impose a similar fixed point requirement in constructing an equilib-
rium in which a committed policymaker is randomly replaced.
29 Appendix B.1 contains the proof of the lemma.
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The future pseudo-state variable p/ enters the rationally expected future equilibrium
policies and thus serves to anchor expectations. The committed policymaker sets p/ through
the choice of v, which represents the shadow value of promising a’. The effect of v on p/
depends on the current reputation state p, which reflects the private sector’s skepticism
about the likelihood that a’ will be delivered.

From expectations to policies: Managing expectations e through the choice of the pair
(0, /) shapes the inflation policies: o = Ae + B(s) and a = « + §. Together, expectations
and policies determine the momentary objective function u(-) and the composite promise
term w(-), allowing us to simplify the recursive program (11) from a choice over (v, a, a,€)

to a choice over just (4, p'):*

Proposition 2. Given e = e (0,156, p) and U* (s, p, u) = W(s, p, 1) + pw*(s, p, i),

(18) W (s, p, i) = max

W

1

u(0, 15, p) — pw (9, 15, p) + B, (1 —q) Q6,15 s, p)]

with u(d, u'; s, p) = u(Ae + B(s) + 0, ¢e,5)

SRR

w(d, 55, p) [(1—q) (Ae + B(s)) +¢z" (s, p)] + (1 = q)§

Q((S, ,LL/; S, p) = f Zg/ @(gl; C)U* (C/; b(vwa Uy + 57 p)7 H’,) g(vﬂ')dvﬂ

Let s = [g, p, u] denote the state vector. The optimal choices §*(s) and p* = m(s) determine
the equilibrium objects w*(s), W(s), a*(s), and o*(s), which in turn serve as inputs to the
rationally expected inflation function e(d, p'; s, p) in (17) and the value function U*(s). The
program (18) thus defines the inner-loop fixed point problem that solves for the within-
regime equilibrium. Combined with the outer-loop fixed point problem (16), the two fixed
point problems jointly characterize the Public PBE.

5 Building the Quantitative Model

In this section, we transform the model into a quantitative framework suitable for time series
analysis. We begin by converting the within-regime recursive solution into a recursion over
calendar time that accommodates random regime switches. After calibrating the model pa-
rameters, we implement a state extraction strategy that jointly identifies the latent states and
structural shocks by targeting time series data from the Survey of Professional Forecasters

30 Appendix B6 provides the proof.
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(SPF). Finally, using the identified states and shocks, we construct model-implied variables
that were not targeted in estimation and compare them to observed data for validation.

5.1 Time series implications of the Public PBE

This juncture marks a shift in how we use ¢: up to this point, it has served as a regime
clock, but from now on it will denote calendar time in the time series analysis. According to
Propositions 1 and 2, the state vector s = ¢, p, ] determines the intended inflation policies,
a(s) and a(s), as well as private agents’ expected inflation e(s).?! At the end of each period,
inflation is realized as a random variable: 7 = Ta(s)+ (1 —7)a(s)+v,, where 7 = 1 indicates
a committed regime and 7 = 0 an opportunistic regime.

At the start of the next period, a new cost-push shock ¢’ is drawn from the distribution
©(s’;6). The evolution of the reputation state p’ and the pseudo-state p/ depends on two
sources of randomness. If no policymaker replacement occurs (6 = 0), reputation updates
via Bayes’ rule: p' = b(m —a(s), ™ —a(s), p). Since a and « are equilibrium functions of s, we
write p' = b(s, ) for notational convenience. The pseudo-state evolves deterministically as
p' = m(s). If a replacement occurs (¢’ = 1), the pseudo-state resets to y/ = 0, and reputation
is subject to partial inheritance. Specifically, inheritance is complete with probability C,,

and otherwise p’ is drawn from a Beta distribution with mean p and standard deviation o,.
/

o
Thus, we can construct an augmented state vector S = [s, 7] that evolves recursively over

Formally, letting ¢’ ~ Bernoulli(¢ ,), reputation evolves according to p' = ¢'b(s, m)+(1—¢ v

time, conditional on the realizations of #, ¢, and 7. Private agents observe the outcomes of
the replacement events — 0, ¢, and v, — but do not observe the policymaker type 7.

5.2 Calibration

Table 1 reports the calibrated values of important model parameters. One period is a quarter.
The long-run inflation target 7* is 1.5%, which lies in the 1 to 2 percent range frequently
cited by central bankers advocating price stability.*? The private sector and the committed
type share a conventional quarterly discount factor based on a 2% annual real rate.

The slope of the Phillips curve is a central element in any study of optimal inflation
policy. In our setup, the PC slope k relates the output gap x to the quarterly inflation
m, holding expected inflation fixed. x = .08 implies that an output gap of 3% leads to

31'We drop the superscript *, as we now focus exclusively on equilibrium behavior.
32This value matches Shapiro and Wilson (2019) estimate based on FOMC transcripts 2000-2011.
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annualized inflation of -1%, a value compatible with diverse empirical evidence.?

Table 1: Parameters

* Inflation target 1.5%
B, B, | Discount factor (private agents, committed type) | 0.995
K PC output slope 0.08
Vs Output weight 0.1
x* Output target 1.73%
q Replacement probability 0.03
¢, prob of reputation inheritance 0.9

D mean of reputation draw 0.1
o, std of reputation draw 0.05
& Persistence of cost-push shock 0.7
oue | Std of cost-push innovation 0.7%
oux | Std of implementation error 1.2%

One period is a quarter. Inflation target 7*, std of cost-push innovation o, ¢, and std of implementation
error o, , are all annualized rates.

The policymaker’s preferences are another key element in the analysis of optimal inflation.
We set the weight on output ¢, to 0.1, which is in the middle of the range used by prominent
Fed researchers.?* Since A =1, /(J, + k%), together with x = .08, this implies A = .94. The
target output gap z* is chosen to yield a relatively small intrinsic inflation bias ¢« = .5% while
yielding a NE bias large enough to capture the magnitude of the Great Inflation: /(1 — Af5)
of around 8%. From above, 1 = A(kz*—(1—£)7*) so that the implied value for z* = 1.73%.°

The replacement probability of ¢ = .03 implies an average regime duration of 8 years.
We have less empirical guidance about the inheritance mechanism for reputation: we choose
parameters so that a new policymaker inherits his predecessor’s reputation with probability

.9. Otherwise, his initial reputation is random with mean .1 and standard deviation 0.05.%°

33U.S. data from the 1950s and 1960s suggests that a 1% decrease in unemployment led to about 0.54% -
0.65% increase in inflation. An estimate for Okun’s coefficient is about 1.67 using U.S. data prior to 2008,
implying a 1% increase in unemployment led to a 1.67% decrease in output. In a structural NKPC, the
parameter is also consistent with an adjustment hazard leading to four quarters of stickiness on average and
an elasticity of marginal cost with respect to output of unity.

34Brayton et al. (2014) after translating time units and using Okun’s law.

35 = 1.73% is equivalent to targeting unemployment about 1% below the natural rate, if we use an
Okun’s law coefficient of 1.67.

36Formally, reputation in th event of replacement next period is governed by p’ = ¢'b(s,7) + (1 — ¢')v’

p
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But our equilibrium policy functions are not sensitive to these choices due to the small
replacement probability q.

Beginning in the 1970s, many studies of inflation use an observable “Food and Energy
price shock” (FE shock hereafter).>” We use the FE shock’s serial correlation and its standard
deviation as the cost-push shock’s persistence £ _ and innovation volatility o, .. The transition
probability matrix ¢(¢'; <) is calibrated to approximate ¢’ = £ ¢ + v, where v. ~ N(0,07 )%
To calibrate the standard deviation of implementation errors, we combined the FE shock
and the SPF one-quarter-ahead inflation forecast in an initial approximation to opportunistic

intended inflation «, estimating the standard deviation of (7 — ) over 1964Q4-1979Q2.

5.3 State extraction strategy

The model features three structural shocks: to the cost-push process (v.), to inflation (v,),
and to reputation in the event of policymaker replacement (v,). It also includes three binary
states: policymaker replacement (6), reputation inheritance (¢), and policymaker type (7).
These are supplemented by three continuous state variables in the Public PBE: the highly
persistent reputation p, the transitory cost-push shock ¢, and the predetermined pseudo-state
i. Although unobserved by an outside observer (econometrician), these states and shocks
are linked to observable macroeconomic variables through the model’s equilibrium functions.

The state extraction strategy uses the term structure of SPF inflation forecasts to identify
the latent states. The model implies that longer-term forecasts depend more on the persistent
reputation variable p,, while shorter-term forecasts are more responsive to the transitory cost-
push shock ¢;. Figure 3 plots the SPF’s three-quarter-ahead forecast (SPF3Q) alongside
the one-quarter-ahead forecast (SPF1Q), illustrating the smoother behavior of SPF3Q.%
Drawing from the term structure literature in interest rates, we construct an SPF spread as
SPF1Q minus SPF3Q (plotted as a dashed black line). The spread rises notably during the
two major oil price shocks of the 1970s (197475 and 1978-80), as well as during the recent
COVID-19 shock (2021-22).

Given a set of calibrated parameters, the model delivers a function f(s,j) representing

with ¢’ ~ Bernoulli(¢,) and v}, ~ Beta(p,0,). We set (, =0.9, p = 0.1, and o, = 0.05.
37See R.J. Gordon (2013) and Watson (2014). It is constructed as the difference between the growth rate
of the overall personal consumption deflator and its counterpart excluding food and energy.
38We use the Rouwenhorst (1995) method.
39Elmar Mertens pointed us to the use of SPF term structure, as in Mertens and Nason (2020). We do

not use SPF4Q due to missing observations, particularly in 1975.
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private agents’ expectations at each horizon 5.4 Let Ji+j¢ denote the SPF forecast at horizon
j, assumed to differ from the model-implied expectation by a Gaussian observation error:
fiagie = f(se,7) + €50

Following the Markov switching literature (Hamilton (1989), Kim (1994)), the model is
cast into a state-space form using the time-series recursion of S = [s, 7], while the three
binary state variables (6, ¢, T) are treated as the outcomes of an unobserved discrete-state
Markov process ©. Six discrete states are defined for ©: states {1,3,5} represent a continu-
ing committed policymaker (§ = 0,7 = 1), a newly appointed committed policymaker with
complete reputation inheritance (6 = 1,¢ = 1,7 = 1), and a new committed policymaker
with randomly drawn reputation v, (6 = 1,¢ = 0,7 = 1); states {2,4,6} represent the
corresponding cases for an opportunistic policymaker. The transition probability matrix for
these six states is restricted to reflect the structure of the model — for example, the policy-
maker type 7 can change only when a replacement event occurs. The matrix is presented in
Appendix C.3.

5.4 The state space model with Markov-switching

We now detail the evolution of continuous state variables S; = [st, py, i1y, 7] resulting from

U = [VUe 1, Vi, Uny], taking as given the discrete state ©, € {1,2,...,6} defined above.

Sggt—l + UCﬂf
1 =0, 4 0:0,)b(s1-1,m1) + 0:(1 —
Sy = ( ¢+ 0:00)b(s0-1,Te-1) + 0:(1 = 6,)v, = F(S;—1,1|0y)
(1 — et)m(stfl)

Tea(sy) + (1 — 7)a(se) + Uns

The first entry specifies the process for the cost push shock ¢. The second entry specifies that
p; is determined by the Bayes’ rule b(s;_1, m;_1), if there is no replacement (6 = 0) or if there
is reputation inheritance (¢ = 1 and ¢ = 1), while otherwise p, is a random shock v,, with
support [0, 1]. The third entry indicates that the pseudo state variable evolves according to
e = m(s;), except if there is replacement ( = 1) in which case it is set to zero. The final

40 Appendix C.2 provides derivations.

417f the timing of policymaker replacements were known and model and data expectations were assumed
to match exactly, the state variables ¢; and p, could be recovered by inverting the theoretical relationships,
since p, evolves deterministically. An earlier version of this research, King and Lu (2022), used this approach,
which Kollmann (2017) refers to as an “inversion filter” (see also Drautzburg et al. (2022)).
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entry captures that inflation 7, depends on the type of policymaker in place.*?

The one-quarter-ahead and three-quarter-ahead SPF forecasts are taken to be the model
inflation forecasts corrupted by Gaussian observation errors ¢; and £3.% That is, our obser-

vation equations are:

E1t

Y; = -

ft+1\t ] _ [ f(Se, pes 1y, 1)
f(gtvptnut73)

] = H(S;) + &

ft+3\t €3t

As our model is not linear, we cannot use the standard Kalman filter. We adopt an
efficient unscented Kalman filter — that has been shown to work well in nonlinear regime-
switching models. Appendix C.3 provides details on the algorithm, which also employs the
collapsing approach of Kim (1994) and Kim and Nelson (2017). For each element of S; and
©,, our approach produces filtered estimates (based on Y* = [¥1,Y3,...Y;]) and smoothed
estimates (based on Y7T).

The smoothed estimates of the cost-push shock <; (red) and the reputation state p,
(cyan and measured on the right hand axis) are reported in Figure 3.** The estimated cost-
push shock <; covaries positively with the SPF spread (SPF1Q-SPF3Q), consistent with our
strategy of exploiting greater sensitivity of near-term forecasts to transitory shocks. The
estimated reputation state p, exhibits a big swing, declining from around 0.7 in 1969 to near
zero by the end of 1980 and finally climbing back to above 0.8 after 2000.%

5.5 Targeted and untargeted time series

We now report the performance of the model-based non-linear Kalman method, in terms of

fitting targeted time series, SPF1(Q and SPF3(Q), and matching untargeted time series.

5.5.1 Inflation expectations

Our extraction method produces a nearly perfect match for SPF1(Q and SPF3Q. Using the
extracted states, we can also compute model-implied inflation forecasts at horizons 2 and 4.
Appendix C.6 Figure 10 shows that these additional forecasts lie almost entirely on top of
the untargeted SPF2Q and SPF4Q), providing support for our state extraction approach.

42The final entry uses s; = [z, py, 4] that are shown to be a function of S;_; by the first three entries.

43¢1 and €3 are i.i.d. normal random variables with mean zero and standard deviation 0.5% (annualized).

44The reported value is the probability-weighted average of smoothed estimates of state variables condi-
tional on being in a discrete state: T, = Z?zl E(z4|0; =i, YT)Pr(0, = ilYT).

45For the estimates of discrete states, please refe to Appendix C.5.
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Figure 3: Targeted SPFs, SPF spread, and estimated state variables
T T T T T 1

12 —

1970 1980 1990 2000 2010 2020

Inflation =====x===x- SPF3Q Cost-push shock
SPF1Q ===—=— SPF spread Reputation p

This figure plots selected inputs and outputs of our nonlinear filter. The inputs are the one-quarter-ahead
and three-quarter-ahead SPF inflation forecasts from 1968Q4 to 2024Q3. Appendix C provides details on
our SPF constructions. The SPF spread (black dashed line) is the difference between SPF1Q and SPF3Q.
It rises during the first (1974-75) and the second (1978-80) inflation surges (black solid line). The outputs
are smoothed estimates of reputation (cyan and measured on the right axis) and cost-push shocks (red).
Consistent with our strategy of exploiting greater sensitivity of near-term forecasts to transitory shocks,
the estimated cost-push shock covaries positively with the SPF spread.

5.5.2 Observed and estimated inflation

The state-space model treats inflation as a latent variable and produces both filtered and
smoothed estimates of 7;. Since the state extraction relies solely on SPF data, comparing the
smoothed estimates 7; with observed inflation provides a natural form of model validation.
To assess the quality of our estimates, we benchmark them against the SPF’s one-quarter-
ahead forecast (SPF1Q).%0

Figure 4 compares observed inflation (blue) with two series: the SPF’s one-quarter-
ahead forecast made in the current quarter (black) and our model’s smoothed estimate
(red). The dashed lines plot the deviations of each series from observed inflation, using the

46Because our extraction procedure uses SPF1Q and SPF3Q data, one might argue that it is unsurprising
the estimates perform well, given the SPF itself tracks observed inflation. Using SPF1Q as the performance
benchmark directly addresses this concern.
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same respective colors. By two key metrics, our smoothed estimates outperform SPF1Q in
tracking actual inflation: (1) they yield a lower mean squared error (MSE) of 1.32 compared
to 1.58 for SPF1Q; and (2) their fitting errors exhibit lower persistence (0.52 versus 0.58).

These results suggest that our quantitative model captures U.S. inflation dynamics well,

despite inflation not being directly targeted in the estimation.*’

Figure 4: Inflation history and model-implied inflation
Inflation not used in filtering
Model MSE: 1.32; SPF MSE: 1.58
Model error IAR(1): 0.52; SPI|= error AR(1): 0.?8
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———data
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This figure shows that the smoothed inflation estimates (red) produced by our nonlinear filter closely track
U.S. inflation data (blue), despite relying solely on SPF data. For comparison, we also plot the
one-quarter-ahead SPF forecasts made in the same quarter (SPF1Q), black). The model’s fitting error
(dashed red) and the SPF1Q error (dashed black) are shown as the respective gaps from observed inflation.
The comparison reveals that our smoothed estimates outperform SPF1Q on two fronts: they exhibit a
lower mean squared error and less persistent fitting errors.

4TA skeptical reader may note that our smoothed estimates use the full sample, unlike real-time SPF
forecasts. To address this, Appendix C.6, Figure 11, shows one-sided (filtered) estimates. The close match
with observed inflation persists even without a full-sample information advantage.
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6 Strategic Reputation Management

A central contribution of this paper is to develop a solution method for models in which the
committed policymaker takes strategic actions to influence private-sector learning, i.e., his
reputation.®® In this section, we first show how allowing for such strategic behavior makes
a difference in the equilibrium policy functions. We then demonstrate why this difference
is crucial for understanding the dynamics of the Volcker disinflation episode, and the time-

varying sensitivity of long-term inflation forecast revision to inflation surprises.

Figure 5: Equilibrium policy functions

committed policy a 1oopportunistic policy a 0 policy differnce a — «
-1
"o 5 "3 5 fro -2
-3
0 0 -4
0 0.5 1 0 0.5 1 0 0.5 1
P P P

Strategic reputation management makes committed policy less inflationary, particularly when reputation p
is low, both absolutely and relative to opportunistic policy. Each panel compares policy functions from the
benchmark model with strategic reputation management (blue) and the naive model (red).

6.1 Equilibrium policy functions

We start by illustrating how the equilibrium inflation policies vary with reputation — the
private agents’ belief —in the calibrated benchmark model, where the committed policymaker
strategically manages expectations by influencing private-sector learning. We then contrast
these policies with those from a model in which the committed policymaker acts naively —
that is, without attempting to shape reputation, treating it instead as an exogenous factor

that determines how much influence policy a has over inflation expectations.*’

48Many prior studies (footnote 12) examine how private agents update their beliefs about the policymaker’s
type, but typically abstract from the strategic actions a policymaker might take to influence those beliefs.

49We thank Davide Debortoli for suggesting the analysis of naive policy. Appendix D details the naive
optimization problem, building on Cogley and Sargent (2008) and Kreps (1998).
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Figure 5 shows the equilibrium policy functions for the committed policy a (left panel),
the opportunistic policy a (middle panel), and their difference 6 = a — « (right panel),
comparing results from the benchmark model with strategic reputation management (blue)
and the naive model (red).”®

The difference between the two models is most pronounced in the right panel. Under the
benchmark model, the policy gap § widens as reputation declines: a committed policymaker
with low reputation adopts a more aggressive stance to distinguish himself from the oppor-
tunistic type and to accelerate reputation building. In contrast, under the naive model, the
policy difference remains flat across reputation levels, even though both types optimize.

To understand why this occurs, consider the optimization problem in Proposition 2. First,
the optimal § that maximizes the momentary objective u(-) is zero, because the opportunistic
policy « is already chosen to maximize the same objective as the committed policymaker.
Second, when next-period reputation is treated as exogenous to current policies, d drops out
of both the expectation function e(-) and the continuation value term Q(-). As a result, the
only remaining force generating a nonzero ¢ is the continuation penalty term —puw(-). But
since § enters w(-) in a way that is independent of reputation p and the cost-push shock ¢,
the optimal policy difference becomes insensitive to these state variables.

This stark contrast highlights a key implication of strategic reputation management:
while belief updating in the standard learning literature typically responds to the policy
difference across regimes, here the policy difference itself responds to the private sector’s
current belief. This feedback loop — where beliefs influence policy, and policy in turn influ-
ences beliefs — is essential for capturing the dynamics of episodes like the Volcker disinflation

and for explaining the time-varying sensitivity of forecast revisions to inflation surprises.

6.2 Volcker disinflation

We now use the time period between 1979Q3 and 1987Q4 to illustrate how strategic rep-
utation management makes a difference in time series. Our quantitative results show that
it is a period when a committed policy regime is more plausible but reputation starts at a
low level. We construct the counterfactual dynamics of reputation, inflation, and intended

inflation policies under a naive committed policymaker, using the same cost-push shocks,

50The policy functions are conditional on the other two state variables, ;1 and ¢, which are held fixed for
illustration. Compared to p, these states play a less significant role in shaping the policy functions. We set
at its steady-state level under p = 1 and ¢ = 0. Appendix Figure 12 plots the equilibrium policy difference,
a — «, as a function of p across various alternative values of the cost-push shock and pu.
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ss0 implementation errors, and probabilities of states as estimated in our benchmark model.?!

ss0  Figure 6 plot them against the benchmark case.

Figure 6: Counterfactual under Volcker
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This figure plots the time series of reputation p (upper left panel), inflation 7 (upper right panel),
committed policy a (lower left panel), and opportunistic policy a (lower right panel) from 1979Q2 to
1987Q4 when Paul Volcker was the Fed chairman. The solid lines are produced by the benchmark model
and the lines with star markers are produced by the naive policy model, using the same cost-push shocks,
implementation errors and probabilities of states as estimated in our benchmark model. In the benchmark
model, the committed policy after 1981 is much lower than the opportunistic policy, resulting in a rapid
increase in reputation. By contrast, in the naive model where the incentives to manage reputation are
missing, it takes much longer for the committed policymaker to disinflate the economy after 1981, and
reputation remains low for the entire period under Volcker.

561 In the benchmark model, reputation rises rapidly after 1981—from below 0.1 to over 0.4
se2 by the end of the 1982-83 recession, and above 0.6 by 1987. Model-implied inflation closely
3 tracks the Volcker disinflation, falling from around 10% in 1981 to 4% by the end of the

5IThe initial values for p and p at 1979Q3 are set at the same level as in the benchmark model.
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1982-83 recession. This rapid disinflation is driven by aggressive committed policies that
remain two to three percentage points below opportunistic policies during 1981-82.

In contrast, under the naive model, reputation gains little during the 1982-83 recession
and stays low — around 0.2 — for an extended period. This is because the naive committed
policymaker treats reputation as exogenous, leading to a policy path that closely mirrors the
opportunistic one. Low reputation sustains high expected inflation, worsening the inflation-
output trade-off. As a result, disinflation is much slower, deviating sharply from the post-

1981 U.S. inflation experience.

6.3 Long-term inflation forecasts

In this section, we provide empirical evidence for a key implication of strategic reputation
management: the sensitivity of long-term inflation forecast revisions to inflation surprises is
not constant but varies over time in a manner consistent with our benchmark model. This
reflects the feedback loop highlighted earlier — where beliefs influence policy, and policy in
turn shapes beliefs. To test this implication, we adopt a reduced-form approach that isolates
the model’s qualitative predictions without relying on short-term SPF forecasts, which were

used in the structural estimation.

6.3.1 Long-term inflation forecast proportional to reputation

Our theory implies that long-term inflation forecasts depend solely on reputation, not on cost-
push shocks, because cost-push shocks are stationary and their influence becomes negligible
at long horizons. Formally, the period-t long-term inflation forecast is given by:

(19)  fop=pll—@)7 +qz(s=0,p=1)]+ (1= p)[(1 = )7 + qz(c =0,p = 0)]

which is a weighted average of long-term inflation forecasts conditional on the policymaker’s
type. With probability p,, the policymaker is committed, and reputation converges to 1 in
the long run. In this case, long-term inflation equals the target 7* if the regime persists, or
the “startup” inflation associated with a new policymaker following the committed regime.
Conversely, with probability 1 — p,, the policymaker is opportunistic, and reputation con-
verges to 0. The corresponding long-term inflation is either the Nash-equilibrium inflation
bias 7VF if the regime continues, or the startup level associated with a new policymaker
following the opportunistic regime. Since inflation is always lower under committed regime,

(19) implies that long-term inflation forecasts move inversely with reputation.
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6.3.2 Dynamics of reputation

We now examine the dynamics of reputation. According to the Bayes’ rule (4), reputation
is a function of observed inflation 7 and evolves as a martingale from the perspective of the
private sector. This follows from the fact that the likelihood of observing 7, is p,g(m¢|a;) +
(1 — p,)g(m|oy), implying that the expected update in reputation satisfies Eyp,, ; = p,.

Approximating reputation dynamics around the period-t nowcast, [p,a; + (1 — p,) o], we
obtain the following expression for the change in reputation:*

(20) Piy1 — Pt = k{p(1 = p)(ar — cu) H{me — [pgae + (1 — p)eul}

where £ > 0 depends inversely on the volatility of implementation errors, and the term
7 — [ppar + (1 — p,)oy] represents the inflation surprise. Under this approximation, the
expected change in reputation is zero, and a positive inflation surprise reduces reputation,
as the policy difference a; — oy is always negative.

Notably, the coefficient on the inflation surprise — the first term in braces — depends on
reputation both directly and indirectly through the policy difference. Strategic reputation
management implies that lower reputation leads to a wider policy difference. Thus, the
overall sensitivity of reputation to inflation surprises increases with [p(1 — p)](1 — p), where
the second (1 — p) captures the reduced-form effect of reputation on policy difference.

Finally, (19) implies a linear relationship between reputation and long-term inflation
forecasts. Consequently, revisions in long-term forecasts inherit the time-varying sensitivity

of reputation changes to inflation surprises.

6.3.3 Time variation in sensitivity to inflation news

To study empirically how revisions in long-term inflation forecasts respond to news about
inflation, we employ the SPF CPI inflation forecast data that includes both nowcast and
10-year-ahead forecast available starting in 1991Q4. Our sample covers up to 2024Q2.

To construct the “inflation surprise”, we utilize the “backcast” estimate of the prior

quarter inflation and a “nowcast” estimate of the current quarter inflation:

v, = ftz|t+1 - ftzlt

52This approximation becomes exact in continuous-time versions of imperfect public monitoring games,
such as Eq (2) in Faingold and Sannikov (2011).
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The “backcast” fti|t 1 is the realized CPI inflation in ¢ as perceived by the forecaster . ftﬂt
is the same forecaster’s “nowcast” of inflation of the same quarter. For each forecaster, we

can also construct 10-year forecast revision as

i i i
Vg0t = ft+41|t+1 - ft+40|t'

We aggregate individual variables by restricting to forecasters present in both periods ¢
and t 4 1, and then take the mean as the consensus measure: v, for inflation surprise, v40¢
for long-term forecast revision, and fi4); for the long-term inflation forecast. We then use
fi+a0¢ to construct a reduced-form measure of reputation, p,, based on (19).

We compare three regression models, each corresponding to a class of learning models

with different structural features:

Model 1: vy9; = vy + €
Model 2: vy9; = Ep,(1 — D)o + &
Model 3: Va0t = g/p\t(l — ﬁt)%)t + €

Model 1 uses unweighted inflation surprise as the regressor, which would be appropriate
if belief updating did not involve learning about the policymaker’s type or policy regime.
Model 2 weights the surprise by p,(1 — p,), consistent with the idea that forecast revisions
are proportional to belief updating — beliefs respond more to shocks when uncertainty about
policymaker’s type or policy regime is higher. This specification assumes the policy difference
across types or regimes is constant. Model 3 modifies the weight to p,(1—7,)?, capturing the
interaction between policy and reputation: lower reputation increases the policy difference
and accelerates private-sector learning — a mechanism unique to our model with strategic
reputation management.

Table 2 reports each model’s performance in terms of adjusted R? and root mean squared
error (RMSE). Compared to the unweighted baseline, the weighted specifications offer sub-
stantial gains in explanatory power: adjusted R? rises from 0.163 in Model 1 to 0.193 in
Model 2, and further to 0.248 in Model 3; RMSE falls from 0.117 to 0.114 and then to 0.110.

Figure 7 visualizes the comparison by plotting the cumulative change in long-term infla-
tion forecasts alongside fitted values from the three models. The black dashed line shows the

data; the magenta, blue, and red lines correspond to Models 1, 2, and 3, respectively. Model
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o 3 clearly provides the best fit, especially before 2000, when long-term inflation forecasts were

1 being revised downward—indicating rising reputation.

Table 2: Comparison of three regression models
£ p value Adjusted R?> RMSE N

Model 1 0.038 1.13E-06 0.163 0.117 130
Model 2 0.384 1.04E-07 0.193 0.114 130
Model 3 3.078 1.02E-09 0.248 0.11 130

OLS regressions of long-term CPI inflation forecast revision on inflation surprise. Sample period is from
1991Q4 to 2024Q2. Model 1 uses the unweighted inflation surprise. Models 2 and 3 weight inflation
surprise using p,(1 — p,) and p,(1 — p,)?, respectively, where 7, is constructed using the long-term inflation
forecast according to (19). RMSE stands for Root Mean Squared Error. All regressions include a constant,
but its coeflicients are statistically insignificant.

Figure 7: Cumulative change in long-term CPI inflation forecast since 1991Q4

05 T T T T T T
----- Data
0 ———— Model 3| ]
———— Model 2
0.5¢ ——— Model 1

-2.5 ' '
1995 2000 2005 2010 2015 2020

The cumulative change in the long-term CPI inflation forecast from 1991Q4 to 2024Q2 against its fitted
counterparts produced by three models. The black dash line is the data, the magenta, blue, and red lines
correspond to the fitted line using Models 1, 2, and 3, respectively. Model 1 uses the unweighted inflation
surprise. Models 2 and 3 weight inflation surprise using p,(1 — p,) and p,(1 — p,)?, respectively, where 7, is
constructed using the long-term inflation forecast according to (19).
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7 Summary, Conclusions and Final Remarks

We characterize the recursive equilibrium of a dynamic game that features two types of pur-
poseful policymakers, a committed type which can commit and an opportunistic type which
cannot, and private agents who are Bayesian learners about policymaker type and form
forward-looking expectations of future policies. In the game, the committed policymaker
strategically uses his policy plan to influence private agents’ learning and inflation expecta-
tions, understanding that (i) private agents inflation expectations include future policy of
an opportunistic type; and (ii) an opportunistic type’s optimal policy depends on private
agents’ inflation expectations.

Harnessing the insights of modern contract theory, we develop a computable recursive
equilibrium, where the equilibrium policies of both policymaker types and the rational ex-
pectations of private agents are shown to be functions of only three state variables, including
an important reputation state that captures the evolution of private agents’ beliefs about
the commitment capacity of current policymaker. Using SPF short-term inflation forecasts
data as observables, we extract latent states of the model via a nonlinear filter based on our
theoretical model’s dynamic system. The model-implied inflation tracks US inflation’s rise,
fall, and stabilization to a surprising high degree, even though the observed inflation is not
used by the nonlinear filter.

Our results reveal that evolving reputation is central to understanding the interplay
between inflation expectation and policy. In particular, without the incentives of rebuilding
reputation, a switch to committed policy regime in 1981 cannot account for the observed
post-1981 Volcker disinflation. Moreover, long-term inflation forecasts depend on reputation
that evolves through Bayesian updating of inflation forecast errors. Our model implies a
nonlinear relation between reputation and the sensitivity of long-term inflation forecast to
forecast errors, which is supported by empirical evidence from regressions of SPF long-term
forecast revision on nowcast forecast errors.

Our model is deliberately stark. But it yields results that have surprised us and others.
We believe its success in matching U.S. experience of inflation and inflation expectations
indicates great promise to further research on leveraging this theory framework to guide how
to manage expectations in optimal policy.
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Appendices

A Recursive optimal policy design

The optimal policy problem for the committed type at the start of his tenure involves forward-
looking constraints, which must be transformed to yield a recursive specification. Conceptu-
ally, this involves casting Lagrangian components in recursive form, relying on (i) application
of the law of iterated expectation and (ii) appropriate rearrangement of expected discounted
sums. In the current model, the transformation to recursive form must also take into account
that the committed policymaker and the private sector have different discount factors and
probability beliefs, so that the law of iterated expectation must be applied carefully.

This appendix derives the recursive program stated in Proposition 1. Key elements
from the main text are repeated to ensure the appendix is self-contained. The derivation
proceeds step by step, accommodating readers with varying familiarity with recursive optimal
policy design. A distinctive feature of this application is the “change of measure” in the
expectations constraint faced by the committed policymaker, which arises because private
agents understand that inflation may result from an optimizing opportunistic type.

As we develop the optimal policy for the committed type, we assume that the committed
type takes as given a function governing private agents’ expected inflation in the event of
his replacement. But in the background, there is an equilibrium requirement that private
agents form rational beliefs about inflation in the event of a replacement next period. We

impose this requirement in Section 4.3 of the main text.
A.1 Intended and actual inflation

At each date, the policymaker chooses intended inflation, denoted as a for the committed
type (7 = 1) and « for the opportunistic type (7 = 0). Intended inflation is not observed by

the private sector. Actual inflation is randomly distributed around this intention:
(A21) Ty = T¢Qy + (1 — Tt)Oét + Ur,t-

where v.; is an iid. implementation error and vy ~ g(-) with g(-) = N(0,07 ). With
a slight abuse of notation, we use g(rw|a) and g(w|a) to denote the density of inflation

conditional on the intended inflation.
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A.2 Measures of history

We use period t as the time index within a regime, so period 0 is the date of last regime
change. The committed type begins with a reputation, p,, known to private agents.
Private agents at the end of period ¢ know the entire history of inflation (7), output
(x), and inflation shocks (<) since period 0 (the last regime change date). After the next
period starts, the ¢ shock is realized. The policymaker’s intended inflation (a or o) and the
expectations term e in the output-inflation trade-off, 7 = e 4+ kx + ¢, are both conditioned

on this information. We write the information history as

he = [s4, {gt—s}izla {Wt—s}i:l]

After the policymaker chooses his intended inflation, actual inflation and output are realized.
Private agents’ updated belief about policymaker type, are conditioned on this extended
information,
h? = {ﬂ't, ht]
Note that
hiyr = [§t+1; hﬂ = [§t+1,7Tt7 ht]

A word on notation: In the Public Perfect Bayesian Equilibrium of our dynamic game,
variables depend just on the relevant history (e.g., a(h;)) and not separately on the date

(e.g., a;(hy)). To further streamline some formulas, we will sometimes condense variables

even further, writing a(h;) as a;.
A.3 Beliefs about current inflation

Although private agents do not know the type of policymaker that is in place, at the start of
period ¢, they have a prior belief p, that there is a committed type which will choose a; and
a complementary prior belief 1 — p, that there is an opportunistic type which will choose «;.

Accordingly, their rational likelihood of the outcome 7, is

(A22) g(milas)p, + g(melaw) (1 — py)
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A.4 Beliefs about policymaker type

On observing inflation within a regime, private agents use Bayes’ law to update their condi-

tional probability that the current policymaker is the committed type

g(mia(he))p(he)
(mela(he))p(he) + g(mela(he)) (1 — p(he))

As no information about type is revealed by <;11, p(hsr1) = p(hy). This updating may be

(A23) k) =

written as

p(he)
p(he) + A, he) (1 = p(he))

using the likelihood ratio A(m, hy) = %.

A.5 Constructing expected inflation

(A24) p(hiy1)

We now construct private agents’ expected inflation, F;my,1, working backwards from the
start of next period to the start of this period. We take into account that there will be a
regime change (0,41 = 1) with probability ¢ and won’t (6;,; = 0) with probability 1 — ¢.

If the committed type is known to be in place, with decision rule a([s;11,k;]), then
E(mii|hisrs Teon = 1) = al[se41, 2/])
since intended inflation is the mean of realized inflation. Similarly,
E(meslhesr, T = 0) = a([Sor, 2/ )

Since the private sector will not know the type of policymaker in place at the start of next

period, expected inflation will be

(A25) E(mi1|hig, 0000 = 0) = p(hiyr)a(hea) + (1= p(hega)) i)

if there isn’t a regime change. Without taking a stand on the details of reputation inheritance,

we simply define
(A26) B |higr, 01 = 1) = 2(heta)

as private agents’ expectation of inflation conditional on a replacement.
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Stepping back now to period t, expected inflation conditional on A, is

(A27)  E(mpalhe) = p(hy) / > olsiris) [(1 = q) alhun) + 2 (hiea)] g(mila(he))dm,

St+1

+ (1= p(h)) / Z@(gtﬂ; st) [(1 — @) alhetr) + g2 (hegr)] g(me|a(he))dr
St+1
There may appear to be a conflict between this expression and (A25) that contains reputation
at t+1. But there is not. Weighting (A25) and (A26) by (1 — ¢) and ¢ and then integrating
over private agents’ belief about inflation (A22) leads directly to it. The simplicity arises

because (A22) also occurs in the denominator of the Bayesian updating expression (A23).
A.6 Intertemporal objective

We assume that the policymaker’s intertemporal objective involves discounting at 3,(1—q),

where (3, is his structural discount factor and (1—gq) reflects discounting due to replacement.

Ut - Q(ab €t, gt) + (ﬁa(l - q))EtCUH‘l

where u (a,e,5) = [u(m z(m, e),s) g (r|a)dr is the expected momentary objective with x
replaced by z(m,e) = (T — e — <) /K, and the conditional expectation operator Ef(-) is using
the committed type’s probability p(h.;) of a specific history h;;; when his actions generate
inflation.

More specifically, at any date t given the history h;, the intertemporal objective is

o0

p(h
(A28) U = Z Z tﬂ (alhisj); €(hiys), S(Pivj))
j=0
Given hyy; = [St4j, Te4j—1, Petj—1], the committed type’s probability of a specific history is:

(A29) P(hiyj) = 0(Seqj5 Sej—1) X g(Topjor]a(hipj—1)) X p(heyj1)

That is, it combines the likelihood of inflation 7 given the committed type’s decision, the

likelihood of the shock ¢ and the probability of the previous history.!

'We ask for the reader’s patience in using a sum over histories to capture the joint effects of the possibly
continuous distribution of 7 and the discrete Markov chain distribution for .
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A.7 Rational expectations constraint

To develop the desired recursive form, we construct the Lagrangian component using the

committed type’s probabilities as weights on the multipliers

(A30) U= B —q)) ) p;?;:§>7(ht+j)[e(ht+j) — BE(Tesji1]hes)]

=0

and then express it recursively. We detailed E(7m1|h;) in (A27), but the expression involved
the probability of inflation under the opportunistic type. So, we undertake a “change of

measure” and rewrite it as

(A31)  p(h) / > elserss)lB(1 = @)alhesr) + Baz(h)]g(wla(he) ) dr

St+1

+(1 = p(h)) / Z@(Ctﬂ; so)[B(1 — @)a(hyy1) + Bgz(hia)| A (heta)g(rlalhy) )dm

St+1

where A(h;y1) is the likelihood ratio discussed above in the context of Bayesian updating.

(A32) = AMR") = A1)

As the notations emphasize, this is a random variable from the standpoint of h; but it is
known as of h = [m;, he] and hyy1 = [se41, by ]

We now return to (A30) and replace E(mi1|h:) with the expression in (A31). Note that
a(hys1), @(Pyy1)A(hitr), and z(hetr) are multiplied by @(su415 60)g(m|a(he))p(he) and by v(he),
which is p(he41)v(he). So, just as in simpler models, it is possible to eliminate expectations at
future dates, essentially by applying the law of iterated expectation. Adjusting for different

discount factors, we can write (A30) as

o0

(A33) Uy = B[ (8.1 @),

=0
with
(A34) =60 — m%—l{pt—l[(l — q)ar + qz] + (1 — p_) M[(1 — @) + gz}

This latter expression captures past commitments about current state-contingent decisions
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as these were relevant to past expectations of inflation.? Note that at the start of the regime,

when t = 0, 7,_; = 0 by assumption. The initial condition on reputation specifies p,.
A.8 The basic recursive specification

The preceding derivations suggest a recursive version of U; + W, with states (S¢, V;_1, Pr_1,Mt)-
For algebraic convenience, we define 7, =
and Marimon (2019) is

ﬁ%_l. Then, the recursive form as in Marcet

(A35) W(gh Mty Pr—15 >‘t) = min max{g@lt? €t, gt) + Vi€t

v a,e

— o1 (T = @as + qz) + (1 = p_) (1 = @)z + q21)]

+ B.(1—q) / Z ©(Se41;5)W (Sey1, Mit15 Pts Air1)g(milag)dmy}

St+1

subject to the IC constraint
ap = A@t + B(§t>

with state dynamics (from the perspective of the committed type)

s .
n = ——v, withy_ ;=0
t+1 /Ba(l _ q) t 1
p = Pl given py
P+ (L= p_)N
Mr1 = A(my, aq, o) with probability g(m¢|a;)

A.9 State space reduction

For computational and analytical benefits, it is desirable to reduce the state space. We now
show how to eliminate the likelihood ratio (\) from the state vector so that we only need

three state variables instead of four. Start by rewriting (A34) as

- A
(A36) o, =y.e0 — 3 V1P {1 — @)ar + gz + 0= )b

5.0=q P (1 — @)as + gz}

_ Pt—1 : : (I=py_1) Mt
Then, note that p, = PRET T implies that P

be used to eliminate \;. Substitution of this expression into that above yields

1—
= ppt so that Bayes’ rule can
t

(d-py)

(A37) m:%et—%_q)%_mt_l{ul—q)aqutw 2 (1~ q)ou + gz}

(1(1

20ur short hand notation replaces A(h;) with A;. Given (A32), the likelihood ratio \; is predetermined
in period t by actions and inflation outcome in period t — 1.
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which indicates that the states (¢, n;, p;_1, A¢) can be reduced to ¢, p, = ﬁ%_lpm and

p, with the following transition rules for the endogenous states given p:

B ,
A38 = — with py =0
( ) Hiy1 3.(1—q) VPt Ho

(A39) Pip1 = pug(milar) with probability g(m|a;)

peg(milar) + (1 — py)g(me|ov)

The recursive optimization (A35) can now be written with only three state variables (s, p;, 14;)

as stated in Proposition 1.

Proposition 1. Given z(s, p), the within-regime equilibrium is the solution to:

(A40) W (s,p,p) = minmax{u(a,e,<)+ [ye — pw(a, o, p,s)] +

Yy a,a.e

8.1-0) [ S w W (<o) g (nla) dr),

(A4D) withw(eap9) = (1=@a+asls.p) + —L (1= g)a+g:(s.p)

(A42) a = Ae+ B(s)
/ g :
A43 = ———p, given puy =0
( ) 12 Ba (1 _ q) 70, 8 Ko
(A44) po= py(rla) with prob g(7|a), given p,

pg(wla) + (1 — p) g(m|c)
A.10 A special case

Ifq=0, 8, =7, and p =1 always, our recursive program collapses to a textbook NK policy
problem in recursive form. For example, in Clarida et al. (1999), the policymaker maximizes
Eo >, Bru(my, xy) subject to mp = kay + BE 41 + i

To create a dynamic Lagrangian one attaches Eg Y oo 8v,[m — kay — BET141 — 4] to the
objective. The law of iterated expectation and rearrangement of terms allow this expression
to be written as Eo Y oo B{(v — Vee1)T — Vit — Yi5:} with v_; = 0. Defining the pseudo
state variable u, = 7,_;, the recursive optimization problem is

W (s, p) = min max{u(me, @) + 7 (7 — K2 — <) — 7 + BEW (Span, 1)}

Yt Tt,Tt

with g,y =7, and py = 0.
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B Consolidation

The recursive program in Proposition 1 is valuable, as it sheds light on the relevant state
variables. But it contains many choice variables, making it inefficient for computation.
This appendix explains how we consolidate choice variables by exploring the implications of

private agents’ rational expectation constraint.
B.1 The rational expectation function
We now show that imposing the rational expectation constraint (A31) on the choice of e,

implies an operational expectation function:

Lemma 1. Given (s, p) and future equilibrium strategies a* (¢’, o', 1t'), o* (¢, p/,p/) and
2*(¢’, p'), rationally expected inflation is uniquely determined by ¢ and p/;

(B1) e=e(8,156,0) = Bpf Mu(S,b(vn,vx +0,p), 1)g(vr)dvy +
B = p) [ Mo(<,b(vr — 0,0z, p) , 1) g(Vr)dvr;
g(m —a)p

where b(m — a,m — a,p) =

g(mr —a)p+g(m —a)(1 - p)’
M, (5,0 1) = Yo [A—q)a* (0, 1) + a2 (', 0)];
Mo (5,0, 1") = Xoe(59)[(1—q)a* (0 1) + gz (¢, p)]

Proof. Before taking a “change of measure”, the rational expectation constraint on e is:
(B2) e=8p [ Yol - ) + a7 glrla)dn
C/
+8(1-p) [ 35910 - o’ + ¢ glrla)in
gl

with a’, ¢/, and 2’ determined by the three states (¢’, o/, ¢’) through the equilibrium strategies:
a(-), a*(), and ().

According to the Bayes’ rule (A23), p’ is the function of m, where 7 = a + v, under the
committed type and @ = «a + v, under the opportunistic type, with v, being zero mean
random variables. We can therefore rewrite p’ as

b(Vgyvr+0,p) ifT=1
/ _ _ — ™y YT I
(B3) p=blmr—am—a.p) {b(vn—&vmp) if 7=0

Replacing g(m|a) and g(7|a) in (B2) with g(v,), p’ with (B3), and realizing choosing - is
equivalent to choosing ' due to ' = ﬁ’yp, we obtain the rational expectation function
in (B1). n
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B.2 Relation between W and U

We now show that the committed policymaker’s value function equals his optimized in-

tertemporal objective minus the cost of honoring past promises, captured by the term puw®*.

Lemma 2. Let U*(s) and w*(s) be the intertemporal objective (A28) and the composite
promise term in (A41) evaluated at optimal decision rules, then

(B4) W, p,p) = U (s, p, 1) — pw’™ (s, p; )

Proof. In the recursive optimization problem (A40), the envelope theorem implies:

Wu(s,po ) = —{[(1 = q@)a + qz] + (17) [(1—-q)a+qz]} = —w

The first order necessary condition for v is
/ / / !/ é?lL/
0 = e+B,(1—q)> @(<ss) | Wuld, 0, )5 9(rla)dm
gl
= e+8> ¢(di9) / Wou(s, o', 1) pg(rla)dm
C,

where the state evolution equation (A38) implies 0y /0y = pB/(5,(1 — q)).
When combined with an updated version of the envelope theorem implication, this FOC
recovers private agents’ rational expectation constraint as in (A31):

(1=p)

e= B/Zs&@’; S) [[(1 —q)a’ + ¢z T+ (1 — q)a’ + ¢2']| pg(r|a)dm

where )
1—p"  (1=p)A
p P
Hence, in equilibrium where the rational expectation constraint must hold, we obtain

e =5 [ 3 elcih ng(ela)in
g/
Utilizing this equilibrium condition, we now show by “guess and verify” that in equilibrium:
W(s,p,u) =U*(s,p, ) — pw*. The following recursion must hold:
(B5) W(s, p, ) + pw* = u(a®, e, ) + e’
+8,(1—q) / > (s OW( o i) g(wla”)dr
g/



!, k!

s Suppose W (<", p/, 1) = —p/w™ + U*(S', o, 1), the right hand side can be written as

1056 u(a”, e, ) +ve" — B,(1—q) /Zsm S)[ B >%0w g(r|a”)dm
+a-a) [ Zs&(d; DU g(la

105 =u(a*,e*,¢) + e = 8 / Z¢(<’;<)w*’pg(ﬂla*)dﬂ

105 +B,(1 —q)/Zw(c/; QU pf s 1) g(la®)drm

1o =u(a”, e",<) + B,(1 —Q)/Z90(<’;§)U*(<’,p’,u')g(ﬂla*)dﬂ

1061 =U"(s, p, 1) <

sz which implies W (s, p, 1) = U*(s, p, ) — pw™. 1
ws B.3 Simplified recursive program

s« Using Lemma 1 and 2, we simplify the recursive program (A40), moving from choosing

wss (7, a,,e) to choosing (4, i'):

Proposition 2. Given e = e (4, 15 <, p) and U* (s, p, 1) = W (s, p, p) + pw*(s, p, 1),

(B6) W, pp) = max [ (0,156, p) — (8, 156, p) + Bo (1 — q) Q(&u’;c,p)]
1066 with u(d, p'; s, p) = u(Ae+ B(s) + 9,¢e,5)

8,156, 0) = /% (1 — g) (Ae+ BE)) + " (5, 9] + (1 — g) 6

Q0. 1'56,p) = [ o o(<;9)U* (¢ b(vr, v + 6, p), 1) g(vr)dvs

wsr  Proof. Lemma 2 implies that the objective of the recursive optimization (A40) can be reduced
68 tO

1069 u(a,e,s) — pw(a, a, p,s) + B,(1 —q) / Z o' YU, 7, i) g (w|a)drr
gl

o Lemma 1 implies that (0, 4') determines e = e(0, 1’5, p), « = Ae + B(s), and a = o + 0.
n Because u(-) and w(+) are functions of (e, a, a), they can be written as functions of (d, u'):

1072 (B7> g(é, ,u') =

(6, 1")

(Ae+ B(s) +9,¢e,5)

1073 (B8)

A =~

[(1—=q)(Ae+ B(s)) +qz" (s, p)] + (1 —¢q) ¢

€

10
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The optimization is from the perspective of the committed policymaker so that 7 = a + v,.
Therefore, p' = b (vg, vy + 9§, p) as defined in (B3) and g(7|a) = g(v;). We then obtain the
simplified program. g

Computation: Lemma 1 and Proposition 2 facilitate our computation. With a guessed
function z (s, p) specified in the outer loop, we can (i) use a(s, p, i), a(s, p, ) and U(s, p,n)
functions to obtain e(d, i/'; s, p) and (9, 1’5 <, p); (ii) optimize over (d, i’); (iii) construct new
a and « functions from optimal e and J; and (iv) construct a new U function. Within the
inner loop, we iterate until the policy functions converge.®> We then calculate a new z(s, p)

and repeat the process until the outer loop has reached a fixed point in z.

C Forecasting Functions and Matching the SPF
C.1 SPF Data

We construct the SPF inflation data from “individual responses” file for the level of the GDP
deflator available at https://www.philadelphiafed.org/surveys-and-data/pgdp. The sample
starts from the fourth quarter of 1968.

In the middle of each quarter, each survey participant submits a forecast for the price level
in that quarter and the next four. We first calculate inflation forecasts for each individual
forecaster j, using the continuously compounded growth rate: 400 x ln(Ptj%k‘ ./ ]Dtj+k—1\ ). We
then take the median of these inflation forecasts.

Alternatively, one can use the summary data files constructed by the Federal Reserve
Bank of Philadelphia, particularly the “annualized percent change of median responses” file
from https://www.philadelphiafed.org/surveys-and-data/pgdp, as a measure for the SPF
inflation data. This file includes an inflation “nowcast” and forecasts at the 1,2,3, and 4
quarter horizons. The nature of these inflation series is explained by Stark (2010). The
FRBP first constructs a median price level for each horizon from “individual responses”,
say Pyip for k=0,1,...4. It then constructs an annualized percentage growth rate using the
formula 100 x ([Pt+k|t/Pt+k_1|t]4 —1).

Our procedure yields time series that are less prone to transitory outliers than the stan-
dard FRBP constructions. Each difference matters, i.e., (i) the median of the inflation

rates is less prone than is the change in the median price level; and (ii) the continuously

3Bayesian learning makes this not a linear-quadratic problem. In view of Proposition 2, we use direct
maximization as part of a projection method to obtain a global solution. Overall, we employ a variant of
the “dynamic programming with a rational expectations constraint” as sometimes advocated for calculating
optimal policy under commitment.

11



o3 compounded inflation rate is less prone than is the FRBP inflation rate.

Figure 8 contrasts the two measures.

Figure 8: Contrasting median inflation and change in median price

12 - T T T T T
"', FRBP: rate of change in median price
10 - 1! Our measure: median inflation .
= = = = Inflation

oL I ! | | |
1970 1980 1990 2000 2010 2020

This figure compares two measures of the median SPF inflation forecast for the GDP deflator. The red
line, from the summary data file (“annualized percent change of median response”) constructed by the
FRBP, is obtained by first finding the median price forecast at each horizon and then computing the
annualized inflation rate from these median price forecasts. The blue line, based on the individual
responses file, calculates annualized inflation for each individual forecast and then takes the median across
individuals. We adopt the latter measure in the paper as it is less prone to transitory outliers.

1104

ms C.2 Recursive forecasting in our theory

nos 'This appendix describes the calculation of private agents’ expectations of inflation at each
uor  horizon j: E(myy;|he).

1108 The information set is assumed to be the start of period information of the private sector,
uo  S¢ = (S, py, 11y)- We denote the forecast function using f(s:, j) = E(mitj]t).

1110 Given s;, private agents know the intended inflation policies of the committed and the
un opportunistic policymakers: a(sy, p;, 11;) and (s, py, ;). Because implementation errors

Y14

m2 have mean zero, the private agents’ “nowcast” of inflation is

1113 F(st, iy 14,0) = pralse, pes i) + (1= pralse, pr, )
114 Utilizing the law of iterated expectation, today’s forecast of m;y; is today’s forecast of

12
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tomorrow’s forecast of m;1 ;. We can compute multistep forecasts of inflation recursively:

(C1)  E(myjlse) = f(Se, pr e, §) = EIE(Tgjls041)|5¢) = E[f(Sea1, Proas g1, J — 1)]54]

The pseudo state variable p,, , evolves according to:

1 (Ses pys 1y) - with prob 1 —g
Hiy1 =
with prob ¢

The reputation state variable p,,; evolves according to:

)
b(vr, v + 0, py) with prob (1 —q)p,

b(vx — 0, Vr, py) with prob (1 —¢)(1 — p;)
Pit1 = ]
¢t+1b(vm U + 0, Pt) + (1 - ¢t+1)vp7t+1 with prob gp,

K¢t+1b(v7r — 0, Uny py) + (1 — @ 1)Vpa41 with prob ¢(1 — py)

where ¢,,; ~ Bernoulli(¢,) and v, ;1 ~ Beta(p, o,). Therefore:
s pemed) = 3 plsurrisd{alt = ¢) [ FGies, 00,05 = idBeta(vglp.r)
(1— Q)pt/f(gt-i-la b(Vr, U + 6, p,), 1 (St 1 114), 5 — 1) g (v ) g
S QU= ) [ F(5ee1,b0x = 800,11 1)od = 1) (02
400G, [ F(sirt, e, 00+ 6.0),0.3 = g(ve)den

+q(1 - pt)gp/f(gt-i-lab(vﬁ - 57v7rapt)70aj - 1)9(Uﬂ)dv7r}

C.3 Matching the SPF: motivation and mechanics

From the standpoint of modern econometrics, our theory is a very simple one that is easily
rejected: conditional on the dates of policymaker replacement and the policymaker type
within each regime: we have just three random inputs — cost-push shocks ¢;, implementation
eITors v.,, and reputation shocks v,; — that drive many observable macro time series, in-
cluding the policies a; and a4, inflation 7, and, as we just discussed, expectations at various
horizons Ey(myy;).

Our work in this paper is quantitative theory and, following early RBC analyses, we

13
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fix model parameters and use a transparent strategy for extracting the unobserved states.
Then, with the states in hand, we calculate the historical behavior of observables.? But
the literature has stressed that one of the difficulties with this RBC strategy is that the
technology state is measured by the Solow residual, which is based on observable variables
(output, capital, and labor) whose behavior is ultimately to be explored.

We therefore develop a strategy for extracting state information that does not use the
behavior of the GDP deflator. It relies on the fact that our model provides a mapping
between states and private agents’ inflation expectations at various horizons, the latter of
which are measured by the SPF.

The state-space representation of our model can be written as follows

(C2) St = [gtapw#tﬂrt]/ = F(St—lavtwta ¢ta Tt)

§cSt—1 + Ve
(L =0t + 0:0)b(St—1,01-15 Hy—15 Te—1) + O1(1 — ) v,
(1= 0)m(Se—1,p_1: 1)
Tﬂ(%;ﬂwﬂt) + (1 - Tt)a(gta Pt Nt) + Unt

1t

(C3) Y, = +

] = H(S;) + &

f(gtaptuu’m?’) E3¢

[ Jes1pe ] _ [ f(Sts e 1, 1)

| S

The state vector collects the three state variables (<, p,, ;) identified in Proposition 1 and
inflation ;. The state evolution equations are the stochastic processes of shocks and the
equilibrium policy functions, conditional on (6;, ¢,, 7;), representing the event of policymaker
replacement (6, = 1), continuing type in a new regime (¢, = 1), and committed type in place
(t: =1).

The observable vector consists of the SPF at one quarter and three quarter horizons
(fi4jt» i=1,3). The measurement equations are model-implied one-period and three-period
ahead inflation forecasts by private agents. €, is the normal measurement error with mean
zero and standard deviation 0.5% at annualized rate.

We model (0:, ¢,, 7:) as the outcome of an unobserved discrete-state Markov process

4Prescott (1986) constructs Solow residuals as productivity indicators and then calculates moment impli-
cations for many variables of a model with calibrated parameters. Our work is closer to Plosser (1989), who
uses the Solow residual time series and a basic calibrated model to construct time series of many variables,
including consumption, investment and so on.

14
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Oy, with six discrete states:®> {(; = 0,7, = 1),(0; = 0,7, = 0),(6; = 1,0, = 1,74 = 1),
Oy =1,¢0,=1,717=0),(6, =1,¢0, =0,7, =1),(0;, = 1,¢, = 0,7, = 0)}. The transitional
probability matrix 7} ; = Pr(©, = j|0,_; = i) is determined by the structure of our model:
1) when 6, = 0, i.e., no replacement of policymaker, the policymaker type remains the same
in period t—1 and ¢; 2) when 6; = 1 and ¢, = 1, i.e., there is a new policymaker whose type is
the same as his predecessor, the probability that a committed type will be in place in period
t is the private agents’ posterior belief at the end of period t —1, b%_; = b(s;_1, 71|01 = i);
3) when 0, = 1 and ¢, = 0, i.e., there is a new policymaker whose type is a random draw,

the probability that a committed type will be in place in period ¢ is the unconditional mean

p of the reputation shock v,,.

L—q 0 ¢bZig ¢,(1=b=1)g (1-C,)pg (1-¢,)(1 =D

0 (1=9) Gbite ¢ (1=t (1=Cm (1=)1—p)

7o |lTT 0 G GO =T (-¢)pe (1-¢)(1 =Pl
0 (1—q) ¢bi7lg ¢,(1—b=Ha (1-¢)pg (1—C,)(1—D)g

L—q 0 ¢b7g ¢,(1=bNg (1-C,)pg (1-¢,)(1—D)g

|0 (-9 (bl ¢ -bDa 1-¢)p (1-¢,)1—pla

C.4 Unscented Kalman filter with Markov-switching

This subsection describes the detailed algorithm we employ to obtain filtered and smoothed
estimates of latent states in the state space model (C2) and (C3). Relative to a standard
nonlinear system with additive Gaussian errors, our model has three complications.

First, the shocks v and v, enter the evolution equation of 7 nonlinearly because the policy
function a(-) and «(-) are nonlinear functions of ¢ and p. Moreover, the shock v, follows
a Beta distribution instead of a Gaussian one. Following Sirkka and Svensson (2023), this
complication can be dealt with by: 1) approximating the Beta random variable v, using a

nonlinear transformation of a Gaussian random variable v,:

exp(U,)

— _l% )] = —_—
Yo (%) 1+ exp(v,)

2) forming sigma points for the state vector augmented by v, and 0,.

Second, the reputation state p is bounded between 0 and 1. To enforce the boundary

5In general, there will be eight discrete states constructed from combinations of three binary variables.
In this case, the state ¢, is only relevant in a new regime, i.e., 8, = 1.
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condition, we use “constrained unscented Kalman filter” (Kandepu et al. (2008), Rouhani
and Abur (2018)) that projects the sigma points outside the feasible region to the nearest
points within the region.

Third, the state evolution equations depend on the outcome of an unobserved discrete-
state Markov process ©;. We follow Kim (1994) and Kim and Nelson (2017) to obtain the
conditional probability of ©; being in each discrete state and to collapse state estimate and
covariance.

To ease the notation, we rewrite the state space model (C2) and (C3) as follows:

St - F@t (St—la [Uc,h 6p,t]) + [07 07 07 Uw,t],
}/;5 = H(St) + &

where ©; € {1,...,6} corresponding to {(0; = 0,7, =1),(6; =0,7, =0),(0: =1,¢, =1, 74 =
1),0:=1,¢,=1,7.=0),(60, =1,¢,=0,7, =1),(0; = 1,¢, = 0,7, = 0)} with transitional
probability matrix 7; ; = Pr(©; = j|0;_1 = i) defined in (C4).

Notation:
e Covariance of [0,0,0,v,,]": @

Covariance of measurement noise e: R

Mean of the shock vector [ves, U,]": 0 = [0, p]

Covariance of the shock vector [vey, Dy4)": V = diag(o?,57)

Initial state estimate: §6, j=1,2,..6
e Initial state covariance: Pg, j=1,2,..6
Parameters related to sigma points

e Number parameter: L

Scaling parameters: «, (3, k

Weight parameter: A = (L + k) — L

D 1 _
® Wm0 = T Wmn) = sy = 1,...,2L

)

® Weo = L+)\+<1_O‘ + B), We(ny = m,nzl,...,QL

16



1208

1209

1210

1211

1212

1213

1214

1215

1216
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1223

1224

1225

1226

1227

1228

1229

Prediction Step: L = 6, conditional on ©;_; =1, ©; = j:

e Augment the state vector:

[ ]
Q
@
=
@
=
&
=
@
[\
b.
_F
—_
&
a3
=
<Y
o]
e
=
-
wn

_ i _ i
Xt—l,(O) =T

Propagate sigma points through the state transition function:

= Sy = Bi(X{ ), n=0,..2L

t(n)

Compute the predicted state estimate:

~—(2,7 2L 1,J
= 8 = 30 W Sy

Compute the predicted state covariance:

—(ivj 2L ig)  a—(ij ij)  a—(irj
- P, (i:3) _ ano wC(n)(St,Eng) — 3 ( J))(S;Eng) — 3 ( J))T +Q

Update Step: L =4, conditional on ©;,_; =1, O, = j:

e Generate sigma points:

_ S 7.]) _(Zj)

n

_ S (4.9)  _ S —(.5) (L—i—A)[ Pt—(ivj)]

b (b L) = , n=1..L

n

e Propagate sigma points through the measurement function:

Y n=0,..,2L

t(n)

—(64) _ —(
- Y;(n)] =H(S

e Compute the predicted measurement mean and covariance:

~—(i,j 2L —(i,4
— Yt 0 = > om0 wm(n)Yt(n() 7
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—(i,j L — (4,3 (4, (4,5 (4]
1230 - P (@.7) = Zi:owC(n)(Y; (6g) _ m ( J))(Y (4.4) — 4, ( J))T +R

Yyt (n) t(n)

1231 e Compute the cross-covariance between state and measurement:

= Poy? = 30k wey (S = & V) =90

1233 e Compute the Kalman gain:

. ~ K0 = pri(pri))

1235 e Update the state estimate:

= 5 = 5 O L KD - )

1237 e Update the state covariance:

- _ Pt(i,j) _ Pt_(i’j) _ Kgi,j)Pyz/fi,j)(Kt(i,j))T

1239 Conditional Probability Step:

1240 e Start from Pr(©, ; =Y 1)

1201 — Pr(©;1=1,0;, =j|Y"1) = Pr(0;, = j|0;_1 = 1) Pr(©;, = 1]V 1)

1242 e Update using Bayes’ rule

Pr(©y =16, = jiyt) = {IO 20O =S YT DO =1 6 = V)
ijl Do SV, 001 = 1,0, = j[Y1)

where f(YiO©: 1 = 1,0, = 5, Y1) ~ N(g; 7, P, 09

1245 e Collapse Pr(©; = j|Y*) = Z?:1 Pr(©;4 =1,0, = j|Y*)

Collapse Step: N
S8 Pr(©,y = i,0, = j|y!)5

o

1246 St P’I“(@t :j|Yt)

1247 .. . .. . ..

pi_ S Pri@cy =100 = JVHIE™ + (5 = )5 - 5D )
t PT(@t = ]|Yt)
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1269
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Smooth Step:

e Initialize the smoothed state estimate and covariance at the last time step:

_ §§1] _ ggp
— Py =Pj
- PT(@T = j’YT)

e Smooth probability for ©; = j and ©;; =k fromt =T —-1,...,1:

Pr(©¢ = j, 041 = k’|YT)
= Pr(01 = k‘yTﬂD”’(@t = j|O41 = k%YT)
~ Pr(0.1 = k|YD)Pr(©, = j|6,1 =k, Y
PT(@t+1 = ]{7|YT)P7’(@75 = j, @t—‘,-l = kf|Yt)
PT(@t+1 = k|Yt)
Pr(©, = jlY")Pr(0,1 = k|0, = j)
2521 Pr(©; = jlY")Pr(©w1 = k|©: = j)

= Pr(©p1 = k|YT)

e Smooth probability for O, = jfort =T —1,....1:

=)

Pr(©,=jly") = ZPT(@t = J, 01 = k[YT)
k=1

e Perform the smoothing recursion from ¢ = T —1, ..., 1, conditional on ©; = j,0;,; = k:
— Augment the state vector:

P/ 0
0V

— Generate 2L + 1 sigma points given L = 6:
* Xio =&
% Xt{(n) =4+ (L+N[\/F],
b Xy = = JTFNNP],, n=1,mL
— Propagate sigma points through the state transition function:

* Si(il,ﬁm = Fk(th,(n))

19



1271 Compute the predicted state mean and covariance:

—(ik 2L 1(j,k

1272 * StJr({ ) = ano wm(n)StEiLG)
N 2L 15,k — (k)N oGk ~— (ke

1273 Pt+(1j ) _ ano wc(n)(St(jLG) — St—i—({ ))(Stgl,gn) — St—&-({ ))T +Q
1274 — Compute the cross-covariance:

—(ik 2L .S k) ~— (ke
1275 * Dt—O—({ = Dm0 We(n) (XJ( ) )(Stgil 3t+({ ))T
1276 *x where X 55 ’ denotes the part of sigma point n which corresponds to Sy
1277 — Compute the smoothed state gain:
« KV =D PP
1279 — Compute the smoothed state estimate:
1280 * St (k) At +K (jk)(8t+1 —Sthk))

1281 Compute the smoothed state covariance:

s,(7,k j s,(7,k s,k —(4,k s,(4,k
1282 * Py U0 = Pt] + K, v )(Pt—H Pt—f—(lj ))(Kt v ))T

1283 Collapse the smoothed state estimate and covariance

S8 Pr(©; = 7,0, = k[YT)spih
Pr(@t = ]‘YT>

~S
1284 St’] =

1285

1286 Pts )=

. s,(7,k ~8,] ~8,(4,k ~8,] ~8,(4,k
S Pr(© = 5,0, = kYT){PUR 1 (507 — g7 0R)y (537 — 5p0M)Ty
Pr(©, =j|YT)

rsr Filtered and smoothed estimates of states and observables:

1268 e Filtered estimates for states conditional on ©;,_ =i,0; = j

6 .
1286 Si=> Pr(0,=j[y"s

j=1
1290
6 . . .
P= 3" Pr(@y = jIY){P + (5 — $)(5 — 807}
j=1
1202 e Filtered estimates for observables
1203 — Generate sigma points, L = 4:
1204 * S&é; = §§i7j)
)

- S =+ VT,
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% G

t,(n+L)

_ §£%J) (L T )\)[ Pt(i’j)}

n’

n=1,...,.L

— Propagate sigma points through the measurement function:

Y = H(SYY), n=0, ..

t(n)

2L

— Compute the predicted measurement mean and covariance:

~ (1, 2L %,J
* ylg 7 = Zn me(”)Yt((n])

* })(»J) —

Yyt

— Collapse

St weim (Vi) — ("

6
Y = Z Z Pr(©;-, = 1,0, = j|y")j""

i=1 j=1

yy,t - ZZPT @t 1 — Z @t _]|Yt){Pyy?Jt)

i=1 j=1

e Smoothed estimates for states

+ (G — 9 (@G -

6
5 =3 Pr(O = jy7)s

j=1

6
= 2 Pr(Oc= YR + (5~ 895~ 5)T)

e Smoothed estimates for observables conditional on ©; = j,0;,; = k

— Generate sigma points, L = 4:

(4.k)
* St o

* St (i’k)

w550

t (n+L

(3,3) _
* Y()

Au‘vk
_Sf(J)

A&(Jk)_’_ (L—i—/\)[ P (Jk)}

CH+NEYM] . n=1,.,L

— Propagate sigma points through the measurement function:

5,05,k
—sf(J )

H(S39M),

n=20,..,

2L

n

— Compute the predicted measurement mean and covariance:

oL k)
= > om0 Wnm Yy

« y s,(4:k)

* PS(J'I‘?) —

yy,t

2L
Zn:O wc(") (

Y 5,(d:k)

t(n)
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C.5 Estimates of discrete states

As an example of estimated conditional probabilities, Figure 9 plots the smoothed proba-
bilities of a committed policy regime (blue) and of a policymaker replacement (red) in each
period. The probability of a committed policy regime echos the dynamics of the estimated
reputation state p, in Figure 3.° The probability is close to zero after 1975 and sharply in-
creases to close to one in 1981-1982, suggesting that the most likely discrete state consistent
with the observed SPF data switches from 7 = 0 (an opportunistic policy regime) to 7 = 1
(a committed policy regime). According to the model, policymaker’s type can only switch in
the event of a policymaker replacement. Our estimated probability of a replacement event

peaks in the first quarter of 1982.

Figure 9: Smoothed probabilities

T T Ly —

smoothed prob of committed policy
smoothed prob of replacement .

B PR | L

0
1970 1980 1990 2000 2010 2020

The figure plots the smoothed probabilities of discrete Markov states estimated by the nonlinear filter. The
smoothed probability of committed policy Pr(r; = 1|Y'T) is the sum of three smoothed probabilities

Pr(0; =0,7, = 1|YT) and Pr(6; =1,¢, =0 or 1,7, = 1]YT). The smoothed probability of replacement
Pr(6; = 1|YT) is the sum of four smoothed probabilities Pr(f; = 1,¢, =0 or 1,7, =0 or 1|Y'T).

6The smoothed estimate of p, is different from the smoothed probability of a committed policy regime.
Our filter calculates the optimal estimates of s; = (<, py, p1,) for fitting the observed SPF data, given the
assumption of being in a specific policy regime. Subsequently, it applies these regime-specific estimates to
obtain the probability of that particular policy regime, taking into account the structure of shocks. The
smoothed estimate of p, is derived as a probability-weighted average of these regime-specific estimates.
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C.6 Fitting performance

Inflation expectations: As discussed in Section 5.4 of the main text, we extract latent
states by matching model-implied inflation forecasts at horizons 1 and 3 with SPF one-
quarter-ahead and three-quarter-ahead forecasts. The left panels in Figure 10 shows our
match is nearly perfect for SPF1Q and SPF3Q. Using the extracted states, we can also
compute model-implied inflation forecasts at horizons 2 and 4, and compare them with SPF
two-quarter-ahead and four-quarter-ahead forecasts. The comparison is shown in the right
panels of Figure 10. It is notable that our model-implied forecasts lie almost entirely on top
of the SPF data for both forecasting horizons, which are not explicitly targeted. We view

this figure as evidence in support of our state extraction approach.

Figure 10: Model-implied and SPF forecasts of inflation
SPF1Q 10 SPF2Q

10

o- : : : ' ' o~ : : : : :
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020

SPF3Q SPF4Q

10 10

—e—— data

model

o~ : : : ' ' o~ : : : : :
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020

This figure compares the smoothed estimates of model inflation forecast produced by our nonlinear filter
with the SPF inflation forecast of the same forecasting horizon. SPF1Q and SPF3Q are targeted by our
nonlinear filter; SPF2Q and SPF4Q are not targeted.
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Filtered inflation Section 5.5.2 demonstrates that the smoothed estimates of inflation by
our state-space model fit the observed U.S. inflation well without explicitly targeting it. The
benchmark we use to measure the fitting performance is to compare the smoothed estimates
with the SPF1Q), as shown in Figure 4. A skeptical reader may concern that our smoothed
measure performs better simply because it is based on the full sample of SPF, while the
SPF1Q is prepared with information up to the period t. We therefore provide a filtered
version Figure 11, where no information after the period ¢ is used to obtain the period-t
filtered measure. Our filtered estimates for inflation continue to outperform SPF1Q in both

measures of fit: lower persistence of fitting error and lower mean-squared error.

Figure 11: Untargeted inflation: filtered result
Inflation not used in filtering
Model MSE: 1.48; SPF MSE: 1.58
Model error IAR(1): 0.53; SPIT error AR(1): 0.?8

12 T
————data
10 - model filter B
SPF1Q
s AN TN | model filter error _
----------- SPF1Q error

1970 1980 1990 2000 2010 2020

This figure is the counterpart of Figure 4 except that we replace the smoothed estimates for inflation with
the filtered estimates that only use information up to period t. Our filtered estimates for inflation continue
to outperform SPF1Q with lower persistence of fitting error and lower mean-squared error.

D Counterfactual with Naive Committed Policy

D.1 Optimization of a naive committed policymaker

The key departure from the benchmark model is that the committed type optimizes as if
the reputation is a given parameter p. When the reputation is no longer a function of the

inflation shock 7 (at least in the committed type’s optimization), there is no channel for the
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e current 7, to affect future state variables.”

1360 This observation helps us to reduce the forwarding expectation constraint to:

w1 € = fEmy =B (1—q) ZSO (Se+1550) [pa (Pyy1) + (1 — p) (ht+1)]+ﬁq2w (Se156¢) 2 (Pys1)
St+1 St+1

32 because azy1, ayi1, and z;y1 are independent of 7;. As a result, we avoid carrying the

63 likelihood ratio A (hyyq) = Z((Zi—t:z)) as a state variable.

1364 The recursive form of the naive optimization of the committed policymaker is

ves W (Se,mp) = minmaxu(ag, e, <) + e — (1 —q)n; [pag + (1 — p) o] — qn,z (Se, p)

¥ a,e

1366 +08, (1 - Q) Z 2 (§t+1; Ct) W <§t+17 Mea1s P)
St+1

ez subject to

1368 a, = Ae, + B (gt)

1369 With

v, with v_; = 0.

1370

T =B 1)

1371 Given z (g4, p), the optimization yields the following policy rules: a (s, 1,5 p), € (S, 0y p),
sz and v (s, 1;; p). The fixed point requires

1373 z (st,p) = pa (s, 0;p) + (1 = p) [Ae (<, 0; p) + B (1)]

1374 The policy function under the setup of naive committed policymaker are denoted by
1375 a™ (s, p, )

1376 aN (§, P, ,u)

1377 1N (s, p, )

s 1.2 Constructing counterfactual time series

i Initialization step for t = 1: pMY = pl and p? = i for ©, = j. {37, {@i,t}?zlv and
o {Pr(0; = j|[YT)}L, are smoothed estimates of cost-push shocks, implementation errors,

s1 and smoothed probabilities of ©, = j obtained from the benchmark model.

"Recall that the lagrangian multiplier v, is chosen before the realization of 7; and it will determine the
next-period pseudo state variable.
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1382 Conditional on ©; = j and ©;,1 = k, we obtain

N(Aj

Nj N
1383 a™ (St pe 7 e )

o —
N,’ N N,' N7.
o Qy = OéN<§g7pt Juu’t ]))
j. NJ N,‘ N\ -

N,(Gk) _ b(mlsa;? a7 pp ) it k=1,2,3,4

1385 pt+1 — k . B

Pria it k=5,6
N(ik) _ { PN oY) ik =1,2

Heri 0 ik —=3.4.56

o7 where 7] = a7 + 07, if j =1,3,5 and 7] = o) 7 + 9L, if j = 2,4,6.
1388 We then perform the collapsing step:

Pt = Zpﬁi&” Pr(6, = j@m = k.YT)
1390 Mt+1—zluz]:\jr(1]kp7’ (01 =j|Ow1 =k, YT )
1301 where

Pr(©;=75,0, = kYT
1392 (@t = ]’@t-i-l =k YT) T( t = J» Ot | )

Z] 1 Pr<@t - ]7 @tJrl - k|YT)
_ PT(@t—I—l == k|@t == j)PT(@t == j|YT>
i1 PO = k|©, = j)Pr(6; = j|YT)

1393

134 The transitional probability Pr(©:y1 = k|©; = j) are the same as the one in the benchmark

s model (C4) except that bi_, is replaced with the naive-policy version b(ml; ar ™, ar?, pi).

1396 The reported counterfactual time series t=1,... T are constructed as follows:
1307 pt = Zp ’]PT = j|YT)
6
1398 aiv = Zat ’]PT( = j|YT)
j 1
1399 Zat ’]PT = j|YT)
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Figure 12: Policy Difference
a — a with p =0.000 a — a with p =0.024
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Difference between equilibrium committed policy and opportunistic policy is larger at lower levels of
reputation. This property holds for various levels of cost push shock and pseudo state . The two values of
1 are representative as they correspond to the steady state u when p = 0 and p = 1, respectively.
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