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Overview

Consensus:
@ Inflation expectations are important for inflation dynamics
@ Inflation expectations respond to CB policy communication

@ Managing expectations is central to inflation policy

This paper:
@ A theory for interaction b/w inflation expectation and policy
@ Quantitative theory validated by U.S. inflation history

@ Testable implications supported by SPF forecast revision regressions
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Context and Questions

e Managing Expectations needs (perceived) commitment

e Central Bank communicates intentions about inflation, output, etc
e Macrotheory portrays CB as dominant player with strategic power
e Strategic power derives from commitment capability

@ What if private sector is skeptical about commitment capability?

o What is private sector's belief that policymaker can commit?
— can that belief (reputation) be affected?

e What alternative policies expected by private sector?
— can such perceived alternatives be affected?

@ How important is evolving reputation for commitment?
e conceptually, optimal policy path to promise or to implement

e empirically, joint behavior of US expected and actual inflation.
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Features of US inflation: private sector learning

Quarterly PGDP inflation and prior quarter SPF forecast
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@ Lengthy runs of positive and negative forecast errors

@ Croushore (2010), Coiboin et al (2018),
et al (2023).
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@ Augment a plain-vanilla NK model with:
o Private agents learning which policy regime they are in
o Committed regime policies: managing expectations
e Opportunistic regime policies: responding to expectations

o Interplay between agents learning and optimal policies

@ New theoretical and numerical approaches:
e Dynamic game with expectations linkages across periods
o Mechanism design approach to solve equilibrium
e Recursive formulation

e Model-consistent nonlinear Kalman filter with Markov-switching
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Our results

Extract latent states (reputation etc.) only from SPF1Q, SPF3Q

Model-implied inflation tracks observed inflation

Model-implied long-term expectation track surveyed forecast

@ Nonlinear responses of forecast revision to forecast error in SPF
consistent with theory
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Contribution to the literature

@ Learning-based reputation approach: Milgrom and Roberts(1982), Kreps and
Wilson(1982), Backus and Driffill(1983), Barro(1986), Phelan(2006), King et al.(2008),
Lu(2013), Lu et al.(2016), Dovis and Kirpalani(2021), Morelli an Moretti (2023) etc.

new approach to solve equilibrium with expectation forward-looking and both
types optimizing

@ Reputation force as substitute for commitment capability: Barro and
Gordon(1983), Chari and Kehoe(1990), Ireland(1997), Kurozumi(2008), Loisel(2008),
Sunakawa(2015) etc.

richer reputation dynamics, punishment varies with deviation from plan

@ Literature on US inflation dynamics: Sargent(1999), Primiceri(2006), Bianchi(2013),
Matthes(2015), Carvalho et al.(2023), Hazell et al.(2022) etc.

private sector beliefs and purposeful policymaking jointly determine expected

and actual inflation
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Policymaker: type and objective

Committed type (7,) chooses and commits to contingent plan {a¢};,

e Opportunistic type (7,) chooses intended policy o

o Inflation deviates from policy intentions by i.i.d. error v, ~ N(0,0, )
S at + Vrr with committed type 7, (1)
71 ar+ vyt with opportunistic type 7,
@ Quadratic objective in inflation 7 and output gap x

o, x) = 3 {7~ 7V 4 dlx — ) @)

Committed type (7,) patient with /3,

e Opportunistic type (7,) patient with j,
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Private sector: information and NK inflation dynamics

Intended Private agents Intended
Policymaker inflation form inflation inflation
is replaced Cost push | announced: expectation implemented: | Inflation 7,
or not 6, shock ¢; as EtTteiq ag ora; Output gap x;

@ Information structure

o Policymaker is replaced (8 = 1) w/ prob g each period.
o Replacement event is observed by private agents.

o Policymaker type and policy intention not observed.

o Private agents must learn policymaker type from ;.

@ NK standard Phillips curve
Wt:ﬁEfﬂ'H_l—i-HXt—i-gt (3)
——
€t

¢ Markov-chain cost-push shock
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Reputation and Inflation Expectations

e History within a regime hy = {hs_1, T¢t—1,S¢ }
o Reputation within a regime p(h;) = Pr(74|h;)

p(ht) g(mela(ht))
p(h:) g(mela(he)) + (1 — p(he))g(me|or (he))

p(he1) = p(he,me) = (4)

@ Private sector inflation expectations:

e(ht) = BEP(mes1|he)
= Bp(ht)Emes1|(he, 7a) + B(1 — p(he)) Emeqa|(he, 70) ()
— —

committed policy opportunistic policy

@ Reputation passes on to a new regime with prob 4,
o New policymaker's reputation pg = ¢¢p(he) + (1 — d¢) v, e

o ¢ ~ Bernoulli(d,) and v, ; ~ Beta(p, 0,).
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Optimal opportunistic policy: myopic

o Opportunistic type chooses a; that generates m; = ot + Vit

o = argmax/ u(me, %)g (me|a) dmy (6)
at

taking e; = e(h;) as given
@ Linear best response

a(he) = Ae(h:) + B(st) (7)

o Lower optimal «a(h;) if lower e(h;).
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Inflation bias without commitment

contrasting two concepts

a(e) = Ae+ B(s),A= 94,3 = .995

e Intrinsic inflation bias (small) e Nash Eq inflation bias (BIG)
ale = Br*) — 7% = 0.5%. ale = Ba) — 7" =8%
10
8
=" = AB(Ey(m1) — )+
P = = = Ey(m+1) = Ey(ous)
& . intrinsic inflation bias: ¢
L ® NE inflation bias: +/(1 — AB)
3 4 #* 1970Q1
* 1976Q3
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Optimal opportunistic policy: forward-looking

Opportunistic type chooses «; that generates T = at + v

o takes e; as given but ... understands:

e future payoff depends on future expected inflation e(h;41)
@ e(hy1) depends on current inflation hyy1 = {hs, 7¢,Ser1}
@ manages e(hey1) in a limited manner by controlling 7

ay := o hy) is sequentially rational if it satisfies the first-order condition

0 = /u(m,et,gt)ag(g;flt)dm (8)
+5a(1 — CI)/E:Q+1 o(set1;5e)V (he, e, Seg1) aggroiat)dﬂt
with
V(h) = / u(re, er,ce)g (el dme (9)

+Ba(1 — q)/th+1 ©(Set1:6t)V (he, T, Seq1) 8 (me| ) dry
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Optimal committed policy plan

At start of his term, choose {a(h:)};o, to maximize
Uo = Bo 32720 B3(1 — q)u(a(he), e(he), st)
where u(a,e,¢) = [u(m,x(7, e, ¢))g(w|a)dr
e "Strategic power" of {a(h:)}32, on {e(ht)}2,
— anchor expectation: e(h;) anchored by p(ht)a(hti1)
— manage perceived alternative: «(h;) affected by e(h;) and e(ht41)

— build reputation: p(h;) affected by a(hs—1) and a(ht—1)
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Mechanism design approach for within-regime equilibrium

Committed type chooses {a;, at, e }32 to maximize

Uo = Eo{>2220 85 (1 — )" u(ar, er,<e)} (10)
subject to 3 constraints each period:

@ Rational inflation expectations for private agents

=P / S @(serris){pel(1 — @)ace + azeralg(melar)

+(1 = p)l(1 = q)aesr + gzeqa]g(mefae) ydme

@ Sequential rationality conditions for opportunistic type

0= 2gpesd) 4 5,(1— ) f T lserti o) Virr e dr,
Vi = H(at, €t, €t) + 504(1 - CI) f > 90(§t+1; §t)Vt+1g (7Tt|04t) dme
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Recursive formulation (Marcet and Marimon 2019)

Committed type chooses {a;, o, e:}32 to maximize

Uo = Eo{3820 85 (1 — @)  u(ae, ex,<t)} (11)
subject to 3 constraints each period:

© Rational inflation expectations for private agents

et = B [ Dol pl(l = @)aces + azeeale(mla)

+(1 = p)l(1 = q)avesr + qzea]g(me|ae) tdme

@ Sequential rationality conditions for opportunistic type

0110 = 2pes) 1 5. (1 - g) X plstrai o) Vior Gl
Xt Ve = u(on, e, ) + Ba(l — q) fZSO(CtH? t)Viy1g (melar) dme
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Recursive formulation (Marcet and Marimon 2019)

Within-regime equilibrium is the solution to

W(s,p, i, y) = min max u(a, e, <)+ (ve — uw) (12)
¥,¢9,x a,0,e,V
0
+o2289 o e +(y — )V

+ Ba(1 — q)/z o(s W, 0 1y )g(wla)dm
withw=(1—-q)a+ gz + (1pp)[(1—q)a+qz] (13)
p' = b(m,a,a,p) (14)
p = ﬁ(lﬁ_q)m with 19 =0 (15)

’ Ba 1 Og (m|a) . _
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Inflation policy as function of p: (3,
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Linking the theory to the data: 3, = 0 case

Model inputs

@ 3 structural shocks vy = (v, v,, vy)

e 3 state variables s; = (s, pt, )

o 3 discrete states ©; = (0, ¢, t)
Model outputs:

e committed and opportunistic policies a(s;) and « (s¢)

e inflation 7 = 7ra(s;) + (1 — 7¢)a(st) + vt

e inflation forecasts at various horizons EP (7 k|st) = e (st, k)
Data:

e SPF inflation forecasts at various horizons

@ Inflation, food and energy price shock

King and Lu Commitment, Reputation, and Inflation EEA-ESEM-2024



State space model with Markov-switching

X = [gtapta/“btaﬂ-t]/ = F(Xt—17 Vt’@t = (gta¢t77t))
[ 5§§t—1 + Vet
(1 =0 + 0:d1)b(St—1,pt—1, pre—1,Te—1) + 0¢(1 — ¢t)Vp,t
(1 - 9t)”"(€t—1,ﬂt—17 Nt—l)
Tea(Se, pes pe) + (1 = 7e)a(Se, pe, pie) + vt

fer1)e e(Se, pt, pie, 1) + v1y
fetolt e(St, pe, fit, 2) + oy
fei3)e e(St, pt, pit, 3) + Uzt
Ye = ft+4|t = | elst:pe, e, 4) +uae | = H(Xe, ur)
15 Ly frske &(St, pe, pe, 40) + a0
Ty Tt + Urt
i St ] i St + Uzt ]

King and Lu Commitment, Reputation, and Inflation EEA-ESEM-2024 20/31



State space model with Markov-switching

X = [gtapta/“btaﬂ-t]/ = F(Xt—17 Vt’@t = (gta¢t77t))
[ 5§§t—1 + Vet
(1 =0 + 0:d1)b(St—1,pt—1, pre—1,Te—1) + 0¢(1 — ¢t)Vp,t
(1 - 9t)”"(€t—1,ﬂt—17 Nt—l)
Tea(Se, pes pe) + (1 = 7e)a(Se, pe, pie) + vt

f-t+1|t e(§t>Pt>Mt71) + uie

ft+3|t e(gfaptauh?)) + us¢
Yt = = = H(Xt, Ut)

King and Lu Commitment, Reputation, and Inflation EEA-ESEM-2024 21/31



Extracting states: term structure intuition about SPF

1 1 1 1
1970 1975 1980 1985 1990 1995 2000 2005

@ SPF1Q more sensitive to temporary price shocks

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

o SPF3Q better reflects reputation
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Calibration of parameters

B, Ba | Discount factor (private, committed type) | 0.995
q Replacement probability 0.03
K PC output slope 0.08
T Inflation target 1.5%
Oy Output weight 0.1
x* Output target 1.73%
Oc Persistence of cost-push shock 0.7
ovc | Std of cost-push innovation 0.7%
ovrx | Std of implementation error v, 1.2%
dp prob of reputation inheritance 0.9

P mean of reputation draw 0.1
o) std of reputation draw 0.05

o Implies A = 0.94, . = 0.5%, NE bias= 8%
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Fitting SPFs

0 1 1 1 1 1 1
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Untargeted: SPF2Q and SPF4Q

0 1 1 1 1
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Untargeted: Inflation GEr=® @

Inflation not used in filtering
Model MSE: 1.00; SPF MSE: 1.67
Model error AR(1): 0.46; SPF error AR(1): 0.63
T T T T

12— i T
———data
10~ model smooth e
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................ SPF1Q error
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Untargeted: SPF40Q, Food and Energy Price Shock @@

40Q expectation not used in filtering
T T T T
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* o SPF40Q
model

1 1 O 1

1 1

2 1 1
1970 1975 1980 1985 1990 1995 2000 2005
FEshock not used in filtering
T T T T

———data

model

HAMA;R\AM te s Mv\ QWW
114 hik S ' v

2k 1 1 1 1 1 1 1 =
1970 1975 1980 1985 1990 1995 2000 2005

King and Lu Commitment, Reputation, and Inflation EEA-ESEM-2024 27/31



Forecast revision responds to forecast error

Forecast error (FE) in our model:
(]_ — ,Ot—l) (at_]_ — at_l) + Vrt—1 if committed
Te1—Er1me 1 = . ‘ a
—pr—1(ar—1 — 1) + Vr -1 if opportunistic
FE is a noisy signal of policymaker type:
M1 — E1mee1 < 0= Apr = pr —pt—1 >0
Te-1— Ei1mee1 > 0= Apr =pr —pt—1 <0
with signal-to-noise ratio o |a;—1 — a¢—_1|
o Lower p;_1 =7 |at—1 — at—1| = larger |Ap;| and Forecast Revision

o Higher ¢;—1 =1 |a;—1 — at—1| = larger |Ap;| and Forecast Revision
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Forecast revision responds more at lower p

Eimein — Et—1mepn = a+ BFE—1 + Yliow po_y X FEt—1 + Av ¢ + €t
® ligw p,_; = 1if Bt 17t 440qQ > its 75th percentile

@ Gt =061+ Vo r

h=0Q | h=1Q | h=2Q | h=3Q

B 0.124%%% | 0.091%** | 0.072%** | 0.073%**
(0.006) | (0.003) | (0.001) | (0.002)

v 0.226%* | 0.241%** | 0.134* | 0.049
(0.034) | (0.003) | (0.068) | (0.518)

A 0.252%%% | 0.120%*% | 0039 0.085%*
(0.000) | (0.000) | (0.257) | (0.042)

N 200 | 200 | 200 | 200
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Forecast revision responds more at higher ¢

Etmepn — Et—17epn = o+ BFE—1 + Ylhigh ¢y X FEt—1 + Ave s + &t
® lpigh, , = 1if g4—1 > its 75th percentile

@ Gt =061+ Vo r

h=0Q | h=1Q | h=2Q | h=3Q

B 0.120%%* | 0.081%** | 0.062** | 0.082%**
(0.000) | (0.001) | (0.018) | (0.002)

v 0.158% | 0.205%** | 0.122%* | 0.017
(0.059) | (0.002) | (0.036) | (0.792)

A 0.237%%% | 0.113%%* | 0,020 | 0.083**
(0.000) | (0.004) | (0.408) | (0.049)

N 202 | 202 | 202 | 202
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Summary and conclusions

@ A theory for interaction b/w inflation expectation and policy

e Private agents learns type and form expectations of future policy
o Committed policymaker manages expectations

e Opportunistic policymaker responds to expectations

o Interplay between agents learning and optimal policies

@ New theoretical and numerical approaches

Dynamic game with expectations linkages across periods
Equilibrium via mechanism design approach

Recursive formulation

Model-consistent nonlinear Kalman filter with Markov-switching

@ Looking forward

e Long horizon opportunistic type
e Term structure of interest rates
e Other applications
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