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Abstract

We introduce bounded rationality, along the lines of Gabaix (2020), in a canonical New
Keynesian model calibrated to match Canadian macroeconomic data since Canada’s adoption
of inflation targeting. We use the model to provide a quantitative assessment of the
macroeconomic impact of flexible inflation targeting and some alternative monetary policy
regimes. These alternative monetary policy regimes are average-inflation targeting, price-level
targeting and nominal gross domestic product level targeting. We consider these regimes’
performance with and without an effective lower bound constraint. Our results suggest that
the performance of history-dependent frameworks is sensitive to departures from rational
expectations. The benefits of adopting history-dependent frameworks over flexible inflation
targeting gradually diminish with a greater degree of bounded rationality. This finding is in line
with laboratory experiments that show flexible inflation targeting remains a robust framework
to stabilize macroeconomic fluctuations.

Topics: Central bank research;, Economic models; Monetary policy framework Monetary policy
transmission
JEL codes: E, E2, E27, E3, E4, E5, E52, E58

Résumeé

Nous introduisons la rationalité limitée, a la facon de Gabaix (2020), dans un modéle
néokeynésien canonique calibré pour reproduire les données macroéconomiques du Canada
depuis I'adoption de son régime de ciblage de l'inflation. A partir de ce modéle, nous
dégageons une évaluation quantitative de l'incidence macroéconomique du ciblage flexible de
I'inflation et de quelques autres régimes de politique monétaire, a savoir: le ciblage de
I'inflation moyenne, le ciblage du niveau des prix et le ciblage du produit intérieur brut nominal.
Nous étudions la performance de ces régimes avec et sans la contrainte d'une valeur plancher.
Nos résultats donnent a penser que la performance des cadres qui dépendent du passé est
sensible aux écarts avec les anticipations rationnelles. En effet, les avantages de ces cadres par
rapport au ciblage flexible de l'inflation diminuent progressivement quand le degré de
rationalité limitée augmente. Ce constat va dans le sens des résultats d'expériences en
laboratoire montrant que le ciblage flexible de I'inflation demeure un cadre robuste pour

stabiliser les fluctuations macroéconomiques.

Topics: Recherches menées par les banques centrales; Modeles économiques; Cadre de la

politique monétaire; Transmission de la politique monétaire

JEL codes: E, E2, E27, E3, E4, E5, E52, E58



1 Introduction

anada adopted an inflation-targeting framework in 1991, with the target of 2%
C in place since 1995. Since its adoption, inflation as measured by the consumer
price index has averaged close to 2% and has deviated narrowly around the target.
Inflation expectations have also become firmly anchored around the target, giving the
central bank more flexibility to account for output, employment or financial stability
considerations while pursuing its inflation stabilization objective (flexible inflation
targeting, or FIT).

While the success of FIT is undisputed, the decline in the neutral rate of interest—
or the real interest rate consistent with output at potential—in Canada and elsewhere
in recent years has raised questions about the suitability of FIT going forward.! The
lower neutral rate limits the scope of conventional monetary policy to support the
economy during downturns and increases the likelihood that the economy is con-
strained by the effective lower bound (ELB).

This new economic environment has prompted a willingness to explore alter-
native monetary policy frameworks, to resort to unconventional monetary policies
and to rely on fiscal policy during exceptional times to provide more stimulus.” In
this paper, we refrain from discussing extended monetary policies such as forward
guidance or quantitative easing, and instead we examine the efficacy of alternative
frameworks—average-inflation targeting (AIT), price-level targeting (PLT) and nomi-
nal gross domestic product-level (NGDPL) targeting—when the policy rate is subject
to an occasionally binding ELB.

A large body of studies has investigated the efficacy of history-dependent mon-
etary policy frameworks at the ELB.> History dependence considered in this paper
takes the form of a commitment to make up for past deviations from the inflation tar-
get. If households and businesses in the private sector understand this commitment,
it can shape their expectations and behaviour. This influence of monetary policy over
private sector expectations can be crucially beneficial when the policy rate is con-
strained by the ELB. At the same time, the performance of history-dependent mone-
tary policies relative to FIT depends critically on how the monetary policy framework
conditions the expectations of market participants, businesses and the broader pub-
lic. In rational expectations models, central banks successfully communicate these
policies.

There is, however, growing survey data evidence that rational expectations models
do not fully capture how market participants understand and act on the economic in-
formation they receive (Coibion, Gorodnichenko, and Kamdar 2018). This is also true

1. In Canada, the nominal neutral rate of interest has declined from around 5% in the early 2000s
to a range of 1.75% to 2.75% recently (Brouillette et al. 2021). This downward trend has also been

documented across developed countries (Eggertsson, Mehrotra, and Robbins 2019).
2. See Poloz (2020) lecture.
3. See Mertens and Williams (2019) for a discussion on PLT and AIT, Ambler (2020) for NGDPL tar-

geting, and Dorich, Mendes, and Zhang (2021) for a comprehensive analysis in the Canadian context.



in laboratory studies. For instance, Kostyshyna, Petersen, and Yang (forthcoming)
use laboratory experiments with university students in an artificial economy setting
to evaluate the performance of alternative monetary policy rules. They show that in
learning-to-forecast experiments with stronger trend-chasing expectations, history-
dependent frameworks such as AIT, PLT and NGDPL targeting perform poorly rel-
ative to FIT following a large shock that leads to a binding ELB. In particular, under
PLT and NGDPL targeting, the economy may degenerate into deflationary spirals
when the ELB binds for an extended period.

With this background in mind, our paper builds on Gabaix (2020) to examine
the robustness of these different monetary policy frameworks when agents exhibit
bounded rationality. In this otherwise standard New Keynesian model, we assume
that agents are myopic toward future information in the sense that they discount
macroeconomic changes more than a rational agent would. This approach offers a
tractable way for us to quantify the impact when economic agents operate under the
assumption of bounded rationality. Myopic behaviour effectively reduces the weights
agents place on events further in the future when making decisions today.*

The behavioural macroeconomic literature considers a variety of alternative forms
of boundedly rational expectations, including level-k thinking and limited foresight.
With level-k thinking, such as in Farhi and Werning (2019), agents are rational with
respect to a partial equilibrium outcome but are unable to understand the general
equilibrium effects of their decisions on the macroeconomy. The benefits of our ap-
proach of modelling inattention over level-k thinking is that ours is a parsimonious
and easily tractable modification to the standard New Keynesian model. The gen-
eral equilibrium effect is also maintained in models with limited foresight where
agents have a finite planning horizon, as in Woodford and Xie (2020). In fact, Gust,
Herbst, and Lopez-Salido (forthcoming) estimate that about 50% of households and
firms have planning horizons that include the current quarter, and very few have
horizons exceeding two years. To draw a parallel to the behavioural model used in
our paper, which assumes a 0.85 myopia value, agents discount the one-year-ahead
expectation by approximately 50% more than rational agents. The benefits of our
approach following Gabaix (2020) over Woodford and Xie (2020) is that agents con-
tinuously discount expectations into the future rather than cutting off expectations at
an exogenously determined point in the future.

We evaluate the performance of each monetary policy framework in stabilizing
stochastic fluctuations in key macroeconomic variables such as the output gap, in-
flation and interest rates. For each framework, we consider a large set of possible
policy rule coefficients and choose the optimal coefficient values based on a loss

4. Moreover, the model allows for different types of myopia that distinctly apply to households
or firms. Specifically, in making consumption plans, households can discount the impact of future
changes in income and interest rates to a greater extent than rational households. Similarly, myopic
firms can further discount changes in expected inflation and future marginal costs when making
pricing decisions.



function. We begin our analysis using an ad hoc loss function delegated to the mone-
tary authority that comprises inflation and output gap variance (similar to the social
welfare loss function) and explore the continuous space of relative weights on out-
put gap variance. We further incorporate costly interest rate fluctuations into the ad
hoc loss function. These alternative specifications of the loss function provide a com-
prehensive assessment of the frameworks and underpin the importance and great
uncertainty around the central bank’s objectives in setting monetary policy.

Our approach is, to the best of our knowledge, the first to consider a comprehen-
sive assessment of a suite of history-dependent monetary policies in the presence of a
binding ELB with bounded rationality. Our contribution is threefold. First, we exam-
ine the performance of optimized simple rules with respect to an extensive set of loss
functions. Second, we consider results both at and away from a binding ELB within
a stochastic environment. Finally, we provide an explicit quantitative assessment of
the cost of the ELB under bounded rationality.

Our baseline result using an ad hoc loss function suggests that FIT yields a com-
parable unconditional macroeconomic outcome to AIT when considering the ELB
and bounded rationality. Both of these frameworks outperform the strictly history-
dependent ones such as PLT and NGDPL targeting. Underlying this result is the
presence of important trade-offs in PLT and NGDPL that stabilize inflation at the
expense of greater output gap volatility. With myopic agents, the probability of the
policy rate hitting the ELB is assessed to be the highest under PLT—with longer du-
ration of the ELB episodes—suggesting some consideration for financial stability.

However, history-dependent policies are shown to provide some benefits during
periods when the policy rate remains constrained at the ELB. In addition to yielding
mean inflation that is closer to the target, history-dependent policies also generate
lower volatility in inflation. This confirms that the well-documented benefits of his-
tory dependence continue to be relevant even with a moderate amount of departure
from rational expectations as assumed in the baseline calibration.

We also conduct a sensitivity analysis of the relative performance of history-
dependent frameworks to varying values of myopia. Our sensitivity analysis sug-
gests a superior performance of FIT over PLT when the myopia parameter is 0.95,
with a slight departure from rational expectation (with a myopia parameter of 1).
In contrast, AIT delivers a better macroeconomic outcome relative to FIT even when
there is a nontrivial amount of departure from rational expectations (with a myopia
parameter of about 0.5). This suggests that policy frameworks with shorter memory
could be beneficial when agents form expectations under bounded rationality.

Overall, our work suggests that the relative performance of alternative regimes
hinges crucially on how market participants form their expectations. The incentive of
a central bank to switch from FIT to either AIT or PLT diminishes rapidly when the
effective weights agents place on events further into the future decline even within a
numerically small range. How to effectively harness the benefit of history-dependent
policies at the ELB remains an increasingly challenging task when monetary policy



communication takes place under exceptional economic situations.

This paper contributes to the literature ranking alternative monetary policy frame-
works when agents are boundedly rational. Benchimol and Bounader (2021) use sim-
ple policy rules to determine the rankings under deterministic supply shocks and find
that a form of inflation targeting is optimal when agents do not form correct inflation
expectations—our paper nests this analysis since we additionally use an ELB envi-
ronment. While our evidence confirms that FIT and AIT are welfare improving over
history-dependent frameworks in most cases, we show that the latter frameworks
can still be welfare improving in binding-ELB periods. Similarly, this conditionality
on ELB episodes is an extension of the analysis provided in Budianto, Nakata, and
Schmidt (2020), who find relatively better performance of AIT at the ELB for a cer-
tain level of myopia. Moreover, our analysis further considers the NGDPL targeting
framework and makes use of a larger space of loss functions to ascertain this fact.

The remainder of the document is organized as follows: Sections 2 and 3 describe
the New Keynesian model with bounded rationality and the main calibrations. Sec-
tion 4 illustrates the key transmission channels under demand and cost-push shocks.
Section 5 reports the main results with and without an occasionally binding ELB.
It also includes some sensitivity analysis to our underlying assumption regarding
myopia. Section 6 concludes.

2 The model

We conduct our comparison of alternative monetary policy regimes in a standard
New Keynesian model with Calvo pricing, following Woodford (2003, Ch. 6) or Gali
(2015, Ch. 3). The model is enriched with features of bounded rationality following
Gabaix (2020).

Section 2.1 describes our Gabaix-style model in detail, with attention to how my-
opia on the part of households and firms is modelled, and how it alters household
and firm behaviour (through the investment savings (IS) curve and the New Key-
nesian Phillips curve relative to the canonical New Keynesian models with rational
expectations. Section 2.2 details each of the suite of policy rules under consideration.

2.1 A behavioural New Keynesian model with bounded rationality
2.1.1 Households

There is a continuum [0,1] of households in the economy indexed by j. Households
derive utility from consuming ¢, and disutility from providing labour. Each house-
hold j supplies N/ labour, which references the number of hours worked by house-



hold j. Each household maximizes its lifetime utility of

ES ) U, N)), (1
t=0
where EPR is the expectations operator under bounded rationality and B is the dis-
count factor. The period utility function for household j is given as

1—0

o v
u(ci, N}) = =

1+
-1 N
1-0 1+ ¢’

(2)

where ¢ is the elasticity of labour supply and ¢ is the risk aversion parameter.
In this paper, bounded rationality, on the part of both households and firms, takes
two alternative forms:

1. cognitive discounting (i.e., agents have limited foresight)

2. cognitive inattention (i.e., agents have limited information about how variables
respond within the model than they would otherwise under rational expecta-
tions)

Below, we provide more details on how these are modelled in the context of house-
holds.

Myopia type 1: Cognitive discounting

Following Gabaix (2020), we assume that households have limited foresight and form
expectations EBR(X;) for any variable X; according to

EPR(Xp) = mE(Xy)  and  EPR(Xpix) = i E(Xi i), 3)

which enters into the household’s optimization problem through the expectations
operator IEBR(X;) in equation (1).

The cognitive discounting parameter, m € [0,1] , measures to what extent house-
holds discount expectations about future events toward the steady state. Changes in
m will vary the household’s perception of future changes in consumption and hours
worked. Rational expectations are the special case where m = 1.

Each period, households’ real income y; consists of real wages w;N; and dividends
paid out of firm profits y{ . Given this income, the household can either consume or
purchase a one-period bond k;, with a real gross interest rate R;, where R; = 1+ r;.
The household’s budget constraint is therefore

kiz1 = (1 4re) (ke — ¢t +yi). 4)



Myopia type 2: Cognitive inattention

Behavioural households also perceive changes in income and interest rates with some
degree of myopia.

We can decompose household income y; into two components, namely its steady
state 7 and its deviation from steady state 7;(S¢, N¢) for a given state vector S;. We
assume a household perceives only a fraction m, € [0, 1] of the deviation of its income
away from its steady state. With myopia, the household’s perceived change in income
is yFR(St, Nt) = myyAt(St, Nt)

Likewise, households will be myopic with respect to deviations of interest rates
from steady state, with #PR(S;) = m,#(S;), where m, € [0,1]. This implies that house-
holds are myopic to changes in current and future interest rates in their consumption-
saving decision.

We assume that households are perfectly aware of the current wage rate and that
working an additional hour increases their income by w;, implying that the rate of
change of boundedly rational expectations of income with respect to employment
%yBR(Nt, X¢) = w;. When we combine the equations for 2R and #8R with equation
(3), the household’s myopia and cognitive discounting imply

EPR[PER] = mem By [P i) and EPR[9PR] = mym B[94 (5)

Households” optimization problem

The household’s total lifetime wealth is (ko + Y5> q¢ (vt — ct)), where g; = 1/TT. % (1 +
rt). Hence, the household seeks to maximize lifetime utility given its expected life-
time wealth, maximizing

il—0o i1+
¢ -1 N/

1-0 1+¢

¥

L=IE)_ p +AMko + ) qe(ye — 1)), (6)
t=0 t=0

where A is the Lagrange multiplier with respect to lifetime wealth, taking the (bound-
edly rational) expected future paths for income y; and interest rates r; as given. We
can derive first-order conditions for consumption and hours worked by optimizing IL
over ¢; and N, respectively. We get

[ct] (B)'c;r 7 = Aqgt, )

[N{]  (B)'N¥ — Awygr = 0, 8)

where since all households are identical, we have dropped the household identifier j.
Combining the two conditions yields a standard labour supply equation

wy = oc + Pny. 9)
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Since the household’s saving decision relies on expectations with myopia, its
derivation will be more involved than the simple New Keynesian model. We will
derive the household saving decision as a function of the household’s propensity to
consume out of perceived income and interest rates.

N1/

The household’s first-order condition for consumption (7) implies that c; = cg (ﬁ—) ,

qt
-1/0

for a given starting value of consumption cg = A . Letting the total perceived

income equal QO = ko + Y;=(g:y:, the total perceived budget constraint is Q) =
Lo s = co X2 (B)" a1 1/".
Therefore, consumption at time t = 0 is
ko + YiZo iyt

0 K Yoo (ﬁt)l/aq(l—l/ﬂ)' (10)

t

1

, 20 (B)V7q;
income and interest rates.

where y = 177 and equation (10) is a function of current and future

To determine the marginal propensity to consume out of income, b,, we consider
a one-time change in income in period T, dy.. First note that when linearized around
the steady state, g; = ' and 1 = BR = B(1+r), where R is the steady-state gross
interest rate and r is the steady-state net interest rate. This implies that in steady state

n=r2o (B " =1/(1— p) and
co=(1—B)(ko+ ) qiys), (11)
t=0

and the marginal propensity to consume out of income is b, =1— 8 =r/R and a
steady state y = b,. Therefore, the impact of a change in dy, on consumption is

d
dco = pdQ) = by% (12)
and 3 ,
Co o L
5y = brge (13)

For the household’s propensity to consume out of interest rates b,, consider a one-
time change in interest rates in period 7, dr. This implies a change in bond prices

dqr = R_t—jldrflbf.
Z dgr = Z R_t—jldrflbf = Z R_t—jldrT = rR_TlHdrT (14)
£>0 £>0 >7+1
Therefore,
W w1 1/0) ¥ g 7 dg, = —(1=1/0) ¥ da;

H >0 >0

r 1 dr:
= (1 _1/U)ErRT+1drT = (1_1/0)RT+2

(15)



In addition,

d0 =7y dg = rRTderT (16)

t>0

dre ro =7
RT+2 +3 RrRt+1

. 1 _ dr'r . 1 rko rT
S\t oY) gz T (0T R R

dco = VQ% +udQ =co(1—1/0) dre

b,
where b, = w We linearize around ¢y = ¢ = 1, kg = 0, implying that b, = 0_—1{12

Therefore, with cognitive discounting

=T—1

y % (brmﬂ% + %mygrﬂ . (18)
™t

L et (072 0t%)

Since there is no investment in this model, the resource constraint implies that con-

= E;

sumption equals total output ¢ = #J;. Letting Ey :=r/Rmy and bym, = — Rz, We can
rewrite equation (18) as
n—,l'l,'—l - -
& =E Y —— R (brfe +bygc) | - (19)
>t
Taking the first term out of the summation yields
- - mT1 _ -
& = Dbyt + b +E | ) =t (Orfe+Dyge) | - (20)
T>t+1
Gathering like terms, we can write
N m A m .

R—rmy

2.1.2 Firms

There is a continuum of unit mass firms, with each firm denoted by i producing
a differentiable product Y;(i) according to the following Cobb-Douglas production
function:

Yi(i) = Ni(i) 7Y, (22)

where & > 0, implying diminishing returns to scale. Labour is the only input used in
production (we do not consider technology shocks in our analysis).

We assume that only a fraction (1 — 6) of firms are able to adjust their price each
quarter. Therefore, the aggregate price level is equal to

p,=pf p1-9), (23)
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where P is the reset price, determined by all firms who adjust their price in that
period. The optimization problem for the behavioural firm is to choose a price P;*
that maximizes its profit

o 1 .
II}J%X Qk(EFR (At,t+k <_P ) <(1 + T)Pt Yi’-l—k‘t - Ct+k(Yt+k|t>>) 7 (24:)
t k=0 t+k
given the conditional demand
P\ €
Yk = (P t ) Chik- (25)
t+k

The stochastic discount factor is A; ;1 = ,Bk Utk / Uer and Cy(-) refers to the nominal
cost function. An efficient equilibrium is introduced by setting a tax on production
T equal to (e — 1)~! that is returned back to the firm as a lump sum. Firms who
are able to adjust their price choose their optimal price P} according to the following
tirst-order condition:

[ee]

1 *
6 <EtBRAt,t+kYt+k|t (_P ) ((1 +1)Pf — M‘Pt+k|t)>) =0, (26)
k=0 t+k

where ¢ y; = C't1x(Yiqx)t) is the nominal marginal cost and M = ;5.

Like the behavioural household, the behavioural firm has limited foresight and
perceives the future with some degree of myopia. In addition, the firm is myopic
to how inflation and its own cost structure may change in the future. Therefore, its

perception of future changes in inflation and marginal costs are given as

EFR (7Rl = it Ey 7] and lEtBR[47t+k|t | = m'ﬁcmkIEt[(Pi-Fk‘i]/ (27)

where m/, € [0,1] and ml e [0, 1] measure the firm’s myopia to changes in inflation
and marginal costs, respectively. Defining the firm’s discount rate for future profits
under the current optimal price as p = B8, we can define its expectation of future

inflation as

Hi := Z Pk (m{rﬂtﬂ +.oo+ m{r”t+k)

k>1
f o ! - 29
= Zmnﬂt+i Zpk = 2 7Tt+z‘1 =1 u 2 Tt 4i0' Liso-
i>1 k>i i>1 -p —Pi>0

Utilizing equations (26) and (28), we can rewrite the optimal price-setting decision
for a firm that can adjust its price as

pi =pi+(1—-pO) Y p'E, [m{r (71 + - Tok) — m£¢t+k\t]
=0

=pr+ (1— BO)E;

Hi—) pkm£¢t+k|t] (29)
k=0

e

= pt+ (1 —p0) ZPklEt
k>0

f
Tk dk>0 = MxPp g | -



With a > 0, the firm’s marginal cost can be computed as

ne

Pkt = ek + 1 (Pf — Prek)- (30)

This would allow us to rewrite the optimal price in equation (29) as

f

My

pi =pi+ (1—p0) Y p'E,
k>0

1—«
Tk lg>0 — m§ <1—) 4’t+k] . (31)

— &+ K&E

2.1.3 Equilibrium

Clearing in the labour market implies

1
N; = /0 Ni(i)di, (32)

where aggregate employment across all i firms is given as N;.
Clearing in the goods market implies

Yt = Ct. (33)

2.14 The behavioural IS and Phillips curves

This section outlines the derivation of the behavioural IS curve and the Phillips curve
based on the household and firm optimization problems laid out in Sections 2.1.1 and
2.1.2.

The behavioural IS curve

The behavioural IS curve can be derived from the household Euler equation (21) and
the resource constraint in equation (33). Defining 7 = y; — y} as the deviation of
output y; from its natural level under flexible prices y}, and taking the deviation of
the interest rates from its neutral level to be #; = iy — Ert;q — r}, yields

Jt = MEggr1 — Tlis — Erteyn — 1], (34)
m my
where M = R——rmy’ r= UR(R——rmy) (35)
and r{ is the natural interest rate.
Demand shocks are introduced by allowing the natural rate to be time-varying.
Specifically,
= (1= ")+ 0"y e, (36)
where p"" is the persistence of the natural rate shock and €" is an unanticipated
innovation to this shock sequence, with a mean 0 and a standard deviation of c'".
The rational expectations IS curve can be derived assuming m = m, = m, = 1. In
this scenario, the IS equation (37) reduces to the canonical IS curve

g . 1.
¢ = Bt — 5 [i = Etpr — 1] (37)
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The behavioural Phillips curve

The derivation of the behavioural Phillips curve starts with the optimal price-setting
decision for a firm in equation (26). Given that ; = 5% (pf — p;), we can write
equation (31) as

_1-0 — Bo
- Z -

k>0

ml(1— po) <1_1;“) m} , (39

&+ ne

where yy = p; — ¢1 is the average markup and ji; = p; — u"" measures the gap between
desired and average markups. In order to derive the behavioural New Keynesian
Phillips curve, equation (38) can be written recursively as

= BMIE; [144) — Afhy, (39)
where
1-p6 < 1-6 1—a
f = S - =ml (—2)(1- —
M <6+1—,80‘ mz(1 9)), A mx( 5 >(1 ,30)(1_a+“€>.
(40)
Utilizing the household labour supply equation (9), the resource constraint in

equation (33) and the relationship between aggregate employment and output in
equation (22), the average markup y; can be derived as

Ut = pr — ¢t
= —(oyr — Yny) — any + log(1 — )

- (U__llP‘i‘ )yt—i—log(l—zx)

Under flexible prices where y; = y}', we can derive the flexible-price markup u" as

(41)

ut=— <(7— %) v} +1log(1—a). (42)

The deviation between average and desired markups i; can therefore be computed
by subtracting equation (42) from (41) to get

N R = T} )

Substituting this into equation (44) yields the behavioural New Keynesian Phillips
curve
7t = M By [1ti 1] + R + i, (44)

( 16 )

=1m
fo f(l— 1—,39 lP—i—ac 1—«
xH = T 1—04 1—a+ae)’

where




An exogenous cost-push shock u; is included and evolves according to the following
process:
uy = p"up_1 +€f, (45)

where p" is the persistence and ¢ is the standard deviation of the innovation €}
The canonical New Keynesian Phillips curve under rational expectations can be

derived from equation (44) by removing all forms of myopia with /m = m{r = mfz =1

Under this condition Mf = 1 and & = «, yielding the canonical New Keynesian

Phillips curve under rational expectations
T = ﬁ]Et [ﬂt+1] + Kyt + Uy, (46)

Together, equations (37) and (44) constitute the non-policy block of the behavioural
New Keynesian model.

Monetary policy frameworks

With the inclusion of nominal frictions there is room for monetary policy to affect
the real economy. Therefore, the final component necessary to close the model is a
description of the monetary policy rule used to determine the nominal interest rate
it. The FIT regime is the baseline monetary policy, with the associated policy rule
taking the following form:

i =01+ (1-06;) (Y—f-ﬁ—i—@n]Et(

1 4
1 ) ntﬂ-] — ﬁ) + eygt) , (47)
j=1

where 6, and 0, are all non-negative and denote the sensitivity of the policy rate to
inflation and output gap respectively. 6; references the rate of interest rate smoothing.

2.2 A suite of alternative monetary policy frameworks

We conduct the comparison of policy regimes including the baseline FIT and three
alternative monetary policy frameworks. These include PLT, AIT and NGDP-level
targeting.

Flexible inflation targeting (FIT)

Under the baseline setting, a central bank sets the interest rate i; reacting to both the
current output gap #; and the deviation of year-over-year inflation from the inflation
target 7T, allowing for some degree of smoothing. More concretely,

iy = 0ji;_1+ (1 - ©;) <r + 7t + LT E, (

12 s
1 ) 7Tt+j] - 7_T> + @yyt> , (48)
P

where ©; is the interest rate smoothing parameter, @L!T is the sensitivity of the policy
rate to inflation and @y, is the sensitivity of the policy rate to the output gap.
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Price-level targeting (PLT)

We also include PLT, motivated by a number of studies on the merits of price-level
targeting in dealing with an effective lower bound. Under PLT, changes in the price
level that lead to a shortfall in inflation will be made up later by a period of infla-
tion overshoot. This is characterized in the literature as history dependence. The
expectation of higher prices in the future causes inflation to rise today through the
expectations channel in the Phillips curve. As such, PLT provides an automatic buffer
against a period of prolonged deflation. The success of PLT depends largely on the as-
sumption that monetary policy is conducted with full commitment to the rule as well
as the degree of rational expectations. In a model economy with a sufficient amount
of bounded rationality, the expectation channel is weakened as a result of myopia
toward future states. This leads to a potentially important quantitative impact on the
efficacy of PLT in normal times, and particularly during the ELB.
The policy rule under PLT is defined as

iy =01+ (1 — ®i> (1’ —+ 7T+ ®P E; (Pt+4 — ﬁt+4) -+ ®ygt) , (49)
where p,_, denotes the target price path. This value is set to zero since steady-state
inflation is zero. The sensitivity of the policy rate to the price level’s deviation from
the target price path is determined by ©,.

Average inflation targeting (AIT)

AIT represents an intermediate framework between flexible inflation and price-level
targeting and has the following form:

it = ®iit—1 + (1 — @1) <7’ —+ 7T+ @ﬁlT ]Et (

| 1
To A TTra—j| — 7 +0,7: | ,  (50)
=0

where Z}io mt;j denotes the average year-over-year inflation rate over the last three
years. The responsiveness of the policy rate to the average inflation measure is deter-
mined by @AIT.

Nominal gross domestic product-level (NGDPL) targeting

The final framework considered is NGDPL targeting. The associated rule is defined
as

it = Ojir_1+ (1 — ©;) (r + 7+ Ongppr Bt (NGDPLyyy — NGDPLy14)),  (51)

where NGDPL;.4 is defined as the sum of both the price level p;;4 and the output
gap Ji+4 with an assigned weight of Oygppr. in the policy rule. The term NGDPL;.4
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denotes the targeted path for NGDPL. This is value is set to zero since in steady state
there is no NGDP growth, and inflation is zero in steady state.

3 Calibration

Table 1 summarizes the calibration of the baseline model with bounded rationality.
First, note that all variables included in the model are of a quarterly frequency and
that the calibration discussed will match this convention.

Starting with the household, we assume that a disutility of labour supplied, ¢, is 5
and a coefficient for the absolute risk aversion parameter, , is 1, implying logarithmic
preference. The household’s discount factor § will be set equal to 0.9944, implying
a neutral interest rate of 2.25%. This matches the midpoint of the range reported
by Brouillette et al. (2021) for the neutral rate in Canada for 2021. For the firms,
we set the probability that a firm is unable to adjust prices each quarter, 6, to 0.9.
This calibration implies a relatively flat slope for the Phillips curve under rational
expectations, with x = 0.023 in equation (46). While the slope coefficient in the
Phillips curve is lower than convention, it is consistent with estimates of the Phillips
curve by Corrigan et al. (2021) and Gervais and Gosselin (2014). The elasticity of
substitution across goods, €, is set equal to 9, implying a markup of 1.125. For the
calibration of the baseline policy rule, we assume an interest rate inertia of 0.85, a
weight on inflation of 6 of 4.65 and a weight on output of 6, of 0.4, matching the
calibration used in ToTEM IIL.°

Both demand and cost-push shocks included follow an AR(1) process with a per-
sistence of 0.8 and a standard deviation calibrated to generate a 16% ELB probability.
This matches the ELB probability predicted by ToTEM III. Second, the size of the de-
mand shock relative to the cost-push shock is calibrated such that under the baseline
model calibration, cost-push shocks explain the majority of the movement in inflation,
while demand shocks explain the majority of the movement in output, as observed
in Canada.

For the cognitive discount and myopic parameters, we follow the convention es-
tablished by Benchimol and Bounader (2021) and assume a 15% departure from ra-
tional expectations. The only notable exception is the household’s income myopia,
mY. Since the household is perfectly aware of their wage rate, varying this parameter
has little to no effect on the model and therefore mY is set equal to 1 for the remainder
of the analysis. In section 5, we vary the myopia and cognitive discount anywhere
between a 0% and a 100% departure from rational expectations. This allows us to re-
main relatively agnostic to the specific calibration chosen for these parameter values.

5. The results presented in this paper are robust to the assumption of zero interest rate inertia.
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Table 1: Key structural parameters

Parameter Description RE Myopia Functional form
m Cognitive discounting 1.00 0.85
1y HH myopia to income 1.00 1.00
my HH myopia to interest rate 1.00 0.85
m{r Firm myopia to inflation 1.00 0.85
m£ Firm myopia to future MC 1.00 0.85
B Discount factor 09944  0.9944
o Absolute risk aversion 1 1
P Labour disutility 5 5
0 Price survival rate 0.90 0.90
€ Demand elasticity 9 9
« Returns-to-scale parameter 0.25 0.25
o Demand shock persistence 0.8 0.8
" Cost-push shock persistence 0.8 0.8
" Standard deviation: Demand shock  0.0345  0.0345
ot Standard deviation: Cost-push shock 0.00069 0.00069
Gross interest rate 1.0056  1.0056 %
r Net interest rate 0.0056 0.0056 R-1
0; MP rule interest rate inertia 0.85 0.85
O MP rule response to inflation 4.65 4.65
0y MP rule response to output 0.40 0.40
s Slope of the Phillips curve 0023 00198 & =ml(}—1)(1—-p6) (0’ + ‘ff:) (222)
Mf gogniti.ve diécounting term: 1.00 07967  Mf — 1m (9 n é:ﬁ;{,’ﬁ))m{z(l B 9))
uture inflation
M I?Sﬁlr;ti;]ﬁ t(}:iis:ounting term: 1.00 0.85 Mo R_,imy
r Interest rate sensitivity 1.00 08452 T =zl

Note: The RE column shows the calibration of the rational expectations model, while the Myopia column shows the main
calibration of the bounded rationality model.
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4 Transmission of shocks

In this section, we conduct an impulse response analysis in which we analyze the
responses of inflation and the output gap to a transitory negative demand shock and
a negative cost-push shock. Our focus is on understanding the key transmission
mechanisms of the model with bounded rationality under the four monetary policy
frameworks of choice: FIT, AIT, PLT and NGDPL targeting.

We use the same parameterization of the policy rules that was used in the calibra-
tion of the model with Canadian data. Specifically, we assume that the central bank
adopts flexible targeting frameworks with interest rate smoothing. Thus, the policy
rules take the form iy = 0.85i;_1 + (1 — 0.85) x 4.65NV; + (1 — 0.85) x 0.4%;, where
NV; corresponds to the targeted nominal variable and X; to the output gap. Given
that under NGDPL the central bank can target only one variable, we assume that
it = 0.85i;_1 + (1 —0.85) x 0.ANGDPL;. Choosing this coefficient value makes the
NGDPL rule comparable to the ones above since it matches the sensitivity of nominal
interest rates to output gap movements.®

In Chart 1, we present the response of inflation to a negative demand shock under
the assumption of rational expectations (panel a) and bounded rationality (panel b).
In the rational expectations model, the initial drop in inflation is more attenuated un-
der a PLT framework than under the FIT and AIT frameworks. This is an illustration
of the conventional New Keynesian literature that emphasizes the importance of the
expectation channel in a price-targeting regime: when firms and households fully an-
ticipate higher future inflation and the central bank has perfect credibility, economic
agents make optimal decisions that result in higher current inflation.

Chart 1: Response of quarterly inflation to a negative demand shock

a) Rational expectations b) Bounded rationality
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Note: The graphs represent impulse response of quarterly inflation to a negative demand shock under different frame-
works. FIT is flexible inflation targeting, AIT is average-inflation targeting, PLT is price-level targeting, and NGDPL is
nominal gross domestic product-level targeting. The x-axis represents the number of quarters elapsed since the shock
occurred.

6. Nominal GDP is the sum of price level and output gap in the standard New Keynesian model,
which implies that there is an equal weight on the price level and the output gap.
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AIT also benefits from the expectations channel since the central bank aims to
correct for past inflation deviations within a moving window. This results in a faster
rise in inflation in AIT relative to FIT.

Under the NGDPL regime, the expectations channel does not allow for a similar
attenuation of inflation on impact, despite having a high level of history dependence.
This is explained largely by the implicitly lower weight on price-level deviations in
NGDPL targeting relative to PLT.

Introducing myopia does not affect this relative ranking of frameworks since PLT
continues to best stabilize the initial decline in inflation, AIT remains an intermedi-
ary case between PLT and FIT, and NGDPL targeting notably yields the most volatile
short- and long-term inflation profile (Chart 1, panel b). However, myopia has a no-
ticeable effect on the absolute response of inflation and the output gap to the demand
shock.

This attenuation effect occurs because myopic agents are subject to both cognitive
discounting (agents discount the future at a higher rate than their discount factor) and
cognitive inattention (agents pay less attention to future information).” As a result,
future deviations in inflation have less bearing on current deviations in inflation given
an identical initial shock.

Another important observation is that the "divine coincidence" (the positive cor-
relation between inflation and the output gap under demand shocks) reinforces the
effect of myopia on inflation. Indeed, agents” myopia to future negative output gap
movements attenuates the drop in the current output gap (as observed in Chart 2,
panel b), which helps limit the inflation decline in the short run via the Philips curve.®

We now begin a discussion of the cost-push shock. In light of the demand shock,
we expect myopia to dampen volatility. As seen in Chart 3, panel b, we notice that
myopia attenuates the initial response of inflation under all frameworks relative to
the rational expectations model with the exception of PLT.

Under the PLT framework, myopic agents do not anticipate the future correction
in prices, which implies that the expectations channel has a lesser effect in stimulating
prices in the present. Given this slightly larger initial drop in prices, the central bank
leaves interest rates lower for longer to achieve the medium-term overshoot required
to reverse the price deviation from trend.

Similarly, the representative firm’s forecast of inflation underestimates the true
future path under an NGDPL regime. For this reason, firms adjust prices much
more slowly than in the rational expectations model, which prolongs the period over
which prices decline and leads to an extended overshoot in inflation. Overall, myopia

7. The distinction between the two types of myopia is discussed in more detail in Section 2.
8. Another way myopia strengthens the "divine coincidence" effect is through the cognitive inatten-

tion to interest rates in the behavioural IS curve. The latter can be written as x; = —(TZkzoMk Ei(Pryx —
7Y +k)/ where M = 1 corresponds to the rational expectations case, and 7;, is the real interest rate.
When M < 1 and we model the demand shock as a lower natural real rate, deviations in the real rate
are more discounted, which shrinks the output gap and, in turn, brings inflation closer to target than
under the M =1 case.
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Chart 2: Response of output gap to a negative demand shock

. a) Rational expectations b) Bounded rationality
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Note: The graphs represent impulse response of the output gap to a negative demand shock under different frameworks.
FIT is flexible inflation targeting, AIT is average-inflation targeting, PLT is price-level targeting; and NGDPL is nominal
gross domestic product-level targeting. The x-axis represents the number of quarters elapsed since the shock occurred.

Chart 3: Response of quarterly inflation to a negative cost-push shock
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Note: The graphs represent impulse response of quarterly inflation to a negative cost-push shock under different frame-
works. FIT is flexible inflation targeting, AIT is average-inflation targeting, PLT is price-level targeting; and NGDPL is
nominal gross domestic product-level targeting. The x-axis represents the number of quarters elapsed since the shock
occurred.

leads to higher volatility in inflation under the two level-targeting regimes, PLT and
NGDPL. Meanwhile, the AIT and FIT frameworks see a reduction in volatility in both
the short- and long-run because of the attenuating effects of myopia and the absence
of a make-up strategy.

To illustrate what happens on the real side of the economy, we turn to Chart
4. Under the PLT and NGPDL frameworks, we notice that the output gap stays
persistently higher, which confirms our earlier observation that nominal interest rates
stay lower for longer as part of the make-up strategy. Hence, myopia amplifies both
output gap volatility and inflation volatility, and thus turns history dependence from
a desirable trait in rational expectations models into a disadvantage in a model with
bounded rationality.

This is not the case for FIT, where introducing myopia attenuates the response

18



%)

-

Deviation from steady state

Chart 4: Response of output gap to a negative cost-push shock
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Note: The graphs represent impulse response of the output gap to a negative cost-push shock under different frameworks.
FIT is flexible inflation targeting, AIT is average-inflation targeting, PLT is price-level targeting; and NGDPL is nominal
gross domestic product-level targeting. The x-axis represents the number of quarters elapsed since the shock occurred.

of the output gap throughout the simulation period. Similarly, the AIT framework
yields a much less volatile output gap than PLT and continues to be an intermediary
case between PLT and inflation targeting in the medium-to-long term largely because
of the accommodative role of interest rates bringing the inflation average back to tar-
get. Hence, the lesser degree of history dependence allows AIT to keep its inflation-
stabilizing properties without inducing too much volatility in the real economy. We

will emphasize these findings in the simulation results in the next section.

19



5 Main results

In this section, we evaluate the ranking of monetary policy frameworks with and
without a binding ELB. Following Dorich, Mendes, and Zhang (2021), we begin our
analysis by ranking the FIT, AIT and PLT frameworks using ad hoc loss functions.
Given that in practice the central bank may change its emphasis over time, our anal-
ysis varies the relative weight on output gap volatility. We further consider a positive
weight on interest rate volatility to reflect the low volatility of policy rates in recent
decades. Throughout the analysis, we contrast the model with bounded rationality
to its rational expectations counterpart in order to better understand the relative shift
in rankings when agents are myopic.

5.1 Ranking of inflation- and price-targeting frameworks

To rank these frameworks, we first run a grid search over a space of policy rule
coefficients and, for each point, we record the moments of the series resulting from

the stochastic simulation.’

These coefficients lie in the range [0; 1333], where the
upper bound is chosen to ensure that we obtain the true monetary policy frontier.'"
We do not optimize over the interest rate smoothing parameter but instead set it to
0.85, which is a value commonly used in inertial Taylor rules (Chung et al. 2019).
The determination of optimal coefficients is based on the ad hoc loss function that

minimizes a weighted sum of the variance of inflation and the output gap.

Policy frontiers without the effective lower bound

To construct the policy frontier, we vary the relative weight on the output gap vari-
ance and plot the associated moments. This is a slight departure from the social
welfare loss function (which we will also discuss below), but we argue that this ap-
proach is a more robust consideration of the relative performance of frameworks. It
allows for a wider range of values than the model-implied weight. Moreover, given
that it is hard to estimate society’s relative weight on the output gap, we do not take a
stance on real-world beliefs and provide a ranking for a continuous space of plausible
values.
The ad hoc loss function is

Lot = Var(nif) + AgVar (), (52)

where A; € [0,2] is the weight on output gap variance and 7} is the annualized

9. For instance, in the case of the FIT rule, the grid point is (@LT, Qy).

10. While the upper bound is certainly an arbitrary choice, increasing the upper bound led to little
to no movement in the policy frontier. This is largely because the more realistic coefficients are in the
lower range. Hence, to ensure we are as accurate as possible in finding the optimal coefficients, we
have a higher density of grid points in the lower range of coefficients.
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inflation rate.!! We plot the second moments associated with the coefficients that
yield the minimal loss value given by equation (52). In doing so, we obtain the

efficiency frontier plots in Chart 5.

Chart 5: Efficient policy frontiers without a binding effective lower bound

%0 a) Rational expectations %0 b) Bounded rationality
o | | | FIT o | FIT
) f — -AIT & —AIT
£ 154 - -PLT | < 15| —PLT |
o o
+ +
3 3
ANy L AN

=10 {{ = 10
>, \ >,
= \ =
=R TN =R
o NS o
o NS o
> ~SIso >

0 ~ e = . 0 .

0 2 4 ) 0 1 2
o3 o7
Volatility of annualized inflation Volatility of annualized inflation

Note: The efficient policy frontiers plot the variances of the output gap and annualized inflation yielded by the optimal
coefficients under the ad hoc loss function defined in equation (52). The values are scaled by 10* to simplify the notation
on the axes. FIT is flexible inflation targeting, AIT is average-inflation targeting, PLT is price-level targeting.

While the relative weight on the output gap is not plotted on the graph itself, we
can visually infer that points on the left side of the frontier line (i.e., low inflation and
high output volatility) correspond to very low values of A; since the social planner
aims to stabilize inflation much more than the output gap. Conversely, very high val-
ues of Aj correspond to the right end of the frontier line. The frontier plots illustrate
the trade-off between inflation and output gap stabilization.

Chart 5, panel a, confirms the intuition developed in Section 4. Under rational
expectations, both AIT and PLT can yield lower inflation volatility compared with
FIT given the same output gap volatility outcome. All else equal, the expectation
channel under history-dependent rules plays a crucial role in dampening inflation
fluctuations. Hence, the AIT and PLT frontiers are closer to the origin, which indicates
that they strictly dominate FIT for a large range of A; considered.

Myopia reverses the ranking, with AIT and FIT outperforming PLT (see Chart
5, panel b) for a large range of weights on the output gap variance. Since myopia
reduces the role of inflation expectations in the Phillips curve, there is a marked
reduction in the volatility of inflation and output for both inflation-targeting rules.
Therefore, the AIT and FIT frontiers move inward. In contrast, myopia undermines
the expectations channel for PLT, which worsens inflation volatility conditional on

11. Note that the social welfare function uses the quarterly level of inflation. This is annualized in the
ad hoc loss function, as done in Swarbrick and Zhang (forthcoming) and Djeutem, Reza, and Zhang

(forthcoming).
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a recessionary shock. History dependence becomes a liability since it induces an
inflation overshoot without the added benefit of attenuating the initial response in
inflation. Hence, there is a marked shift outward of the frontier plots associated with

PLT.

Policy frontiers with the effective lower bound

We proceed to review the results based on an occasionally binding ELB of 0.25%
where the natural rate of interest is 2.25%. Both values were chosen based on Cana-
dian data. The lower bound is the historical constraint on the target for the overnight
rate, while the natural rate is the midpoint of the current estimated range by Brouil-
lette et al. (2021).

The efficient policy frontier analysis in Chart 6 shows similar findings to the anal-
ysis done without an ELB constraint. Under the rational expectations model, PLT is
the preferred framework for the range of relative weights on output gap variance.

Chart 6: Efficient policy frontiers with a binding effective lower bound
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Note: The efficient policy frontiers plot the mean squared deviation of output gap and annualized inflation yielded by the
optimal coefficients under the ad hoc loss function defined in equation (52). The values are scaled by 10* to simplify the
notation on the axes. FIT is flexible inflation targeting, AIT is average-inflation targeting, PLT is price-level targeting.

The frontier plots in Chart 6, panel a, demonstrate the long-standing conclusion
that PLT strictly dominates all other rules when there is a binding ELB. During ELB
episodes, PLT keeps interest rates lower for longer, which helps bolster current in-
flation through the expectations channel in the Phillips curve. Bounded rationality
challenges the strict dominance of PLT, with AIT now outperforming PLT for a ma-
jority of the frontier space in Chart 6, panel b. This is due to the fact that myopia
weakens this expectations channel, forcing the PLT frontier outward. Beyond the
Phillips curve, cognitive discounting also dampens the effect future changes in con-
sumption have on the households’ current consumption-saving decision. This helps
reduce volatility in output and improve the performance of all rules across the board.
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However, the effect is largest for FIT and AIT, moving their frontiers inward. Vi-
sually, this chart confirms the conclusions made by Budianto, Nakata, and Schmidt
(2020), who conclude that the marginal gains between PLT, AIT and FIT are relatively
small with bounded rationality. This result is driven entirely by the presence of cost-
push shocks, which, as shown in the Appendix, reduce the performance of PLT when
expectations are boundedly rational.

Introducing a penalty for large interest rate changes

This result is also robust to a loss function specification that incorporates interest
rate volatility.'> In equation (53), we assign a fixed relative weight on the change in
annualized interest rates:

Ladhoe — (7% _ 202 4 (5,)2 + 0.5(Air)? (53)

This ad hoc loss function is used to produce Chart 7, which shows the minimal
loss yielded by the loss function in equation (53) conditional on the relative weight on
output gap variance /\}7. Given a certain value of )\}7, the framework with the lowest
loss outperforms the others. The loss plot captures all three dimensions of volatility
in a two-dimensional plot and provides an explicit mapping between the assumed
weight on the real economy and the ranking associated with it. It also complements
the intuition obtained from the efficient policy frontier.

Chart 7: Ad hoc loss with occasionally binding effective lower bound

a) Rational expectations b) Bounded rationality
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Note: The loss plots illustrate the minimized loss value conditional on the ad hoc loss function defined by equation (53)
and the relative weight on output gap variance. The values are unitless and they are scaled by 10° to simplify the notation
on the axes. The headlines in purple indicate the preferred framework, which yields the smallest loss value over a range
of weight on output gap variance. FIT is flexible inflation targeting, AIT is average-inflation targeting, PLT is price-level
targeting.

12. Here we follow the methodology adopted in Murchison (2010). This additional term may reflect
the central bank’s consideration for the adverse effect of excessive movements in the short-term risk-
free rate on financial markets.
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Under rational expectations in Chart 7, panel a, we notice that the history-dependent
PLT continues to outperform AIT and FIT for the full range of values considered.
Hence, the ranking is robust to the addition of interest rate volatility. This is under-
standable given that fluctuations in the output gap are determined by movements
in real rates, and a loss function with a higher weight on output gap variance im-
plicitly penalizes nominal interest rate movements. Hence, this relative weight has a
qualitatively similar effect to an explicit weight on interest rate volatility.

An important contribution of this paper is to show that myopia reverses the dom-
inance of PLT for a wide range of relative weights on the output gap. This result
is equally robust to the introduction of a positive weight on the volatility of interest
rate changes. With bounded rationality, Chart 7, panel b, demonstrates that history-
dependent rules do progressively worse as the central bank puts more weight on
output gap volatility. PLT dominates only for a relatively small weight on output
gap stabilization, while AIT dominates for larger values. Recall that myopia requires
higher volatility of interest rates for PLT in the longer term in order to compensate
for the large initial decline in inflation. Absent this stimulus, inflation is less stable
under PLT and contributes to the greater rise in loss. Although there is a degree of
history dependence under AIT as well, less movement in the output gap is required
to stabilize average inflation.

5.2 Incorporating NGDPL targeting in the analytical framework

So far, we have abstained from integrating the NGDPL framework in our analysis to
ensure a comparable ranking. Under NGDPL, there is a single weight on the target
variable, which implies that it cannot yield an efficient policy frontier where there ex-
ists a trade-off between the output gap and inflation variance. These features would
put it at a disadvantage in the ad hoc loss analysis above. We shift to the micro-
founded loss function to assess the model-implied ranking, and then continue with
the regime-specific loss function, which we hold to be a more appropriate objective
of a central bank.

Welfare loss results

First, we follow the standard approach in characterizing the ranking of monetary

policy frameworks by employing the social welfare function. This welfare criterion

is based on the households” expected lifetime utility derived from consumption and

leisure. While households have boundedly rational expectations and use heuristics to

inform decisions, they still continue to experience utility as they would under rational

expectations. Therefore, the welfare criterion is based on objective expectations.
Following Woodford (2003, Ch. 6), we measure the welfare criterion as

11—«

= %Eoiﬁt Enﬂ ((7+ m) g%}, (54)
t=0
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where A = (% -1)(1—- ,39)%.

It follows that the expected social welfare loss (SWF) function is

LSWE = var(m;) + (1;9> (1_6’89) <a+lsz> (1_10:fa€) Var(§).  (56)

In Table 2, we report the moments and ELB statistics associated with the coef-

(55)

ficients that minimize equation (56). We focus on the components of the loss to
emphasize the macro stabilization qualities of our candidate frameworks. It is also
important to evaluate the performance of each of these rules during ELB episodes.
Following Dorich et al. (2018), we report moments of inflation and the output gap
conditional on nominal interest rates being at the ELB under FIT. In addition, we also
report the unconditional probability of hitting the ELB for each framework and the
mean duration of the ELB episodes conditional on FIT.

Table 2: Performance of policy frameworks given the social welfare loss function

Loss relative

ELB statistics Annualized inflation Output gap to FIT
RE Myopia RE Myopia RE Myopia RE Myopia
Proba- Dura- | Proba- Dura-
Frameworks bility  tion | bility tion | Mean RMSD | Mean RMSD | Mean RMSD | Mean RMSD | Loss Loss
Unconditional ‘ ‘ ‘
FIT -0.23 0.89 -0.19 0.68 -0.74 3.45 -0.9 293  1.00 1.00
AIT ‘ -0.16 0.59 -0.16 0.64 -0.49 3.37 ‘ -0.64 2.78 ‘ 0.66 0.95
PLT 0 0.38 0 0.61 -0.28 3.32 -026 301 046 0.95
NGDPL 0 0.88 0 0.86 -0.07 254 -0.02 236 | 0.96 1.30
Conditional on
FIT at ELB
FIT 26.4 4 33.1 4.4 -1.14 1.49 -0.81 1.04 =119 3.89 -0.08 255
AIT 379 5.4 ‘ 39.7 5.9 -0.74 1.03 -0.74 097 | -037 378 ‘ 0.02 2.56 ‘
PLT 28 4 404 55 -0.28 0.49 -0.48 0.74 0.44 3.64 0.69 2.72
NGDPL 12.5 17 ‘ 18.8 2.3 -0.66 1.01 -0.71 0.98 -1.07 298 ‘ -0.25 2.4 ‘

Note: The table reports the mean and root mean squared deviation (RMSD) associated with the policy rule coefficients
optimized under the social welfare loss function. We report these statistics based on the full series, which we call the
unconditional sample, as well as the series conditional on the ELB episodes under the FIT regime. We record only the
unconditional probability and the mean duration of ELB episodes conditional on the episode intersecting the FIT ELB
episode. The loss values are not reported conditional on the ELB since the welfare criterion is applicable unconditionally.
RE is rational expectations; FIT is flexible inflation targeting; AIT is average-inflation targeting; PLT is price-level targeting;
and NGDPL is nominal gross domestic product-level targeting.

The unconditional results corroborate our findings for rational expectations in
Chart 6 with PLT as the preferred framework in stabilizing both inflation and output
gap volatility. As expected, NGDPL targeting and PLT remove mean inflation devi-
ations from target in the presence of a binding ELB. In particular, NGDPL targeting
stands out for the stabilizing properties of its output gap. Unlike PLT, NGDPL target-
ing forces the coefficients to be the same across both nominal and real components.
This often results in the optimized coefficient for NGDPL resting between the two
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optimized coefficients for PLT. The net result is greater output gap stabilization at the
cost of higher inflation volatility. AIT serves as the middle ground between FIT and
the strictly history-dependent rules, with an optimal price level drift between these
two competing rules.

When agents are myopic, NGDPL targeting continues to excel in stabilizing the
output gap but its inflation stabilization performance deteriorates relative to FIT and
AIT. Further, PLT’s relative performance deteriorates for both inflation and the output
gap due to a weakening of the expectations channel in the Phillips curve. The AIT
framework is relatively immune to the effect of myopia. This is due to the fact that by
optimizing over the coefficients in this policy rule, we are able to deliver the optimal
degree of price-level drift. For this reason, AIT yields comparable inflation volatility
and lower output gap volatility relative to PLT. This rule also strictly dominates FIT
in reducing volatility and deviations from target for both nominal and real variables.
Notably, the volatility of output declines with bounded rationality, caused by the
households” myopia toward future changes in consumption in the household Euler
equation.

One of the novel contributions of this paper to the bounded rationality litera-
ture is its focus on the performance of monetary policy rules during ELB episodes.
History-dependent monetary policy rules are often lauded for their ability to reduce
the severity of ELB episodes. By looking exclusively at the moments during ELB
episodes, this research helps us understand the advantage of using the frameworks
in the current low interest rate economy in a model with bounded rationality. Re-
stricting the sample of the simulation to these periods does not affect the superior
performance of PLT in stabilizing inflation or the output gap relative to competing
rules. However, PLT is the only framework that yields a positive output gap, point-
ing to the trade-off under supply shock when the central bank risks overheating the
economy in an attempt to bring inflation back to target.

While myopia reduces the differences in inflation stabilization at the ELB between
frameworks with and without strict history dependence, PLT still performs well dur-
ing ELB episodes. This advantage comes at the cost of relatively greater output gap
volatility compared with the case with rational expectations.

Even if PLT and NGDPL targeting obtain superior inflation stabilization mea-
sures, this is not what is observed in laboratory experiments (Kostyshyna, Petersen,
and Yang, forthcoming), where a negative shock inducing an ELB leads to an un-
boundedly severe recession with a deflationary spiral. While we cannot recover this
result in this model setup since myopia has an attenuating effect on macroeconomic
outcomes, we can still show that with a high enough degree of myopia, history-
dependent rules will perform poorly compared with FIT and AIT. We explore this
result in the sensitivity section below.

Lastly, we notice that NGDPL obtains the lowest unconditional ELB probability
and duration irrespective of the assumption about agents’ rationality. This is due to
the lower sensitivity of interest rates to the nominal component (i.e., prices) chosen

26



under the social welfare loss function.

Introducing regime-specific loss functions

We now proceed to characterize the ranking of alternative monetary policy frame-
works using a loss function that is specific to respective framework. We refer to this
loss function as "regime-specific loss" hereafter. Table 3 presents the specification for
each regime as a weighted sum of the volatility in the nominal variable, the real vari-
able and the change in annualized interest rates. Effectively, the central bank uses
an objective function that is consistent with the target of the policy regime. In this
way, we choose the coefficients that best stabilize the macro variables targeted by
each monetary policy regime, and then we observe whether we obtain a change in
macroeconomic stabilization performance.

Table 3: Regime-specific loss functions

Frameworks Loss function

Flexible-inflation

targeting LFIT = (7Y — )2 + (§:)% + 0.5(Ai;)?
Average- inflation

targeting LAIT = (n?y — )2 + (7:)? + 0.5(Air)?
Price-level

targeting LPLT = (py — 71)* + ()% + 0.5(Ai)?
NGDP-level B .
targeting LNCPPE = {7 + pr) — (7 + i)} + 0.5(4ip)?

In the unconditional sample, myopia continues to reduce the differences in in-
flation stabilization across the board, with the performance of each monetary policy
rule becoming increasingly similar. However, history-dependent rules yield an out-
put gap volatility almost twice as large as their counterparts when agents are myopic.
Hence, the choice of history-dependent rules may be beneficial during a recessionary
episode at the risk of higher volatility in normal times.

These findings are further illustrated in Chart 8, which illustrates the distribution
of inflation for periods conditional on FIT being at the ELB.!®> Under rational expecta-
tions, we observe a distinct ranking dominated by the history-dependent rules when
evaluating both their dispersion and their ability to achieve target inflation. The mean
inflation under PLT and NGDPL is closest to the inflation target, while that for FIT
and AIT are shifted to the left. Likewise, the dispersion of inflation under the PLT
and NGDPL frameworks is reduced relative to FIT and AIT, which corroborates the
values found in Table 4.

13. We fit the distribution with a normal distribution since it matches the kernel density very closely
and improves the visibility of results.
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Table 4: Performance of policy frameworks given the regime-specific loss function

ELB Statistics Annualized Inflation Output Gap
RE Myopia RE Myopia RE Myopia
Proba- Dura- | Proba- Dura-
Frameworks bility tion | bility tion | Mean RMSD | Mean RMSD | Mean RMSD | Mean RMSD
Unconditional ‘
FIT -0.21 1.68 -0.09 1.09 -0.66 217 | -0.35 1.33
AIT ‘ -0.16 1.43 -0.08 1.07 | -052  2.03 -0.34 1.33
PLT 0 0.78 0 0.76 -028 224 -0.14 236
NGDPL 0 0.88 0 0.86 -0.07 254 -0.02 236
Conditional on
FIT at ELB
FIT 25.6 3.9 23 3.9 -1.43 217 -0.7 1.26 -2.6 3.74 -1.96 247
AIT 24.7 3.4 ‘ 23 3.7 -1.2 1.81 -0.68 1.23 216 342 -1.91 2.44
PLT 23.5 3l 28.6 4.5 -047  0.88 -045  0.89 -1.01 3.01 -1.36 237
NGDPL 12.5 1.8 ‘ 18.8 3.1 -0.58 099 -0.52 097 | -1.53  3.09 -1.62 255

Note: The table reports the mean and root mean squared deviation (RMSD) associated with the policy rule coefficients
optimized under the regime-specific loss functions. With nominal interest rates bound by the ELB, we report these statistics
based on the full unconditional series as well as the series conditional on periods where interest rates are at the ELB under
the FIT regime. Note that we record only the unconditional probability and the conditional duration. See the text for more
details.

Chart 8: Distribution of inflation in simulations with optimized coefficients

a) Rational expectations . b) Bounded rationality
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— -AIT ——AIT
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A 04 7 Ma A 0.4+
. N
- _ -~ ~ - A
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Note: The panels illustrate the distribution of inflation conditional on periods where FIT interest rates are at the effective
lower bound. The policy rule coefficients were optimized under the regime-specific loss functions defined in Table (3). FIT
is flexible inflation targeting, AIT is average-inflation targeting, PLT is price-level targeting, and NGDPL is nominal gross
domestic product-level targeting

Under bounded rationality (Chart 8, panel b), we find that myopia reduces the
performance of PLT and NGDPL rules in stabilizing mean inflation around its target.
For FIT and AIT, we observe an improvement in both mean and dispersion infla-
tion during ELB episodes. As we saw in Section 4, recessions are less severe when
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expectations are boundedly rational. This is due to the fact that future output gap
movements have less of an effect on the current macroeconomy. Therefore, boundedly
rational expectations help bolster the performance of AIT and FIT while diminishing
the performance of PLT and NGDPL targeting.

5.3 Sensitivity of results to the degree of myopia

To assess the robustness of our results to the assumptions regarding myopia, we
perform a sensitivity analysis of the ranking of monetary policy frameworks over
the full range of possible myopia values. This exercise allows us to explore what
degree of myopia is sufficient to change the ranking of alternative monetary policy
frameworks under rational expectations.

In Chart 9, we vary the degree of myopia and observe the loss of PLT and AIT rel-
ative to FIT. For each level of myopia considered, we optimize the coefficients using
the loss function in equation (53). A positive relative loss implies that the optimal FIT
policy outperforms the competing rule, while a negative value implies that the alter-
native policy rule outperforms FIT. For instance, in the rational expectations model
that corresponds to a parameter value of 1, both history-dependent rules perform
relatively well, in line with the literature and our previous analysis.

Chart 9: Sensitivity of ranking to degree of overall myopia
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Note: The lines show the loss of PLT and AIT regimes relative to FIT for a range of myopia values. Specifically, all myopia

f

parameters 1, my, my, mj;r, my are set to the value indicated on the x-axis. Given a set of myopia values, policy coefficients
are optimized using the ad hoc loss function in equation (53) with equal weights on output gap and inflation variance.
The effective lower bound is not binding in this set of results. FIT is flexible inflation targeting; AIT is average-inflation
targeting; and PLT is price-level targeting.

Chart 9 illustrates that it is sufficient to assume a mild degree of myopia to under-
mine the expectations channel and reverse the ranking established under the rational
expectations model. As we decrease the value of overall myopia, we progressively de-
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part from the rational expectations model. Given only a 5% departure from rational
expectations, we can see that FIT outperforms PLT. In addition, this chart illustrates
that, regardless of the level of myopia, the AIT rule always outperforms FIT.*

To help understand what drives these results, we perform the following two ex-
periments. First, we vary each myopia parameter independently to assess which
form of myopia is behind the results shown in Chart 9. Second, we perform a shock-
specific analysis to understand how overall myopia interacts with the different types
of shocks in the model. These charts are available in the Appendix. We note that
the results reported in Chart 9 are driven primarily by the cognitive discounting term
m. In addition, the deterioration in the performance of PLT over AIT and FIT as
we move away from rational expectations is entirely due to its inability to stabilize
both interest rates and output when the economy is driven by supply shocks. Lastly
PLT will always outperform AIT and FIT, regardless of the degree of myopia, in a
demand-driven economy.

Next we vary the degree of myopia and observe the loss changes relative to FIT.

Chart 10: Sensitivity of ranking to degree of overall myopia with binding effective
lower bound
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Note: The lines show the loss of PLT and AIT regimes relative to FIT for a range of myopia values. Specifically, all myopia
parameters 1, my, my, m{ are set to the value indicated on the x-axis. Given a set of myopia values, policy coefficients
are optimized using the adhoc loss function in equation (53) with equal weights on output gap and inflation variance.
The ELB is binding in this set of results. FIT is flexible inflation targeting; AIT is average-inflation targeting; and PLT is
price-level targeting.

As seen in Chart 10, the presence of a binding ELB improves the performance
of PLT relative to FIT. This is due to the relatively strong performance of PLT during
ELB episodes. While PLT’s performance has improved across all myopia values, it still
takes only a small departure from rational expectations (10%) for FIT to outperform

14. Note that NGDPL targeting produces a dramatically larger loss relative to FIT for all myopia
values.
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PLT. AIT continues to outperform FIT across all myopia values, suggesting that this
rule is robust to the assumption of myopia and a binding ELB.

To assess which form of myopia drives the ranking reported in Charts 9 and 10,
we decompose the effect of each myopia parameter on the relative ranking of PLT
and AIT with respect to FIT. In Chart 11, we demonstrate that the relative perfor-
mance of both PLT and AIT rules relative to FIT are driven primarily by the cognitive
discounting parameter 7. While the cognitive inattention parameters play less promi-
nent roles in the ranking of the frameworks, they do affect the performance of these
history-dependent rules. For instance, higher cognitive inattention to marginal costs
and inflation leads to a worse relative performance of PLT and AIT. Since cognitive
inattention to inflation implies that firms care less about future inflation, the expec-
tations channel in the Phillips curve is weakened, thereby limiting the efficacy of
history-dependent policies.

Chart 11: Sensitivity of ranking to myopia type
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Note: FIT is flexible inflation targeting; AIT is average-inflation targeting; and PLT is price-level targeting.
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6 Conclusion

In this paper, we compared the performance of a range of monetary policy frame-
works in a standard New Keynesian model with bounded rationality following the
cognitive discounting approach in Gabaix (2020). We conducted stochastic simula-
tions to rank these regimes when accounting for the presence of the occasionally
binding ELB in a low neutral rate environment.

Relying on dynamics generated by a distribution of shocks that reproduce key
Canadian macroeconomic data since 1995, we found that a higher degree of myopia
overall reverses the ranking of strongly history-dependent frameworks such as PLT
and NGDPL for a class of loss functions. The relatively inferior performance of these
frameworks can be attributed to a weakened expectations channel.

With myopic agents, the ELB probability is assessed to be the highest under PLT.
These episodes also tend to have longer duration, suggesting some consideration for
financial stability. Nevertheless, history-dependent policies provide some benefits
during periods when the policy rate remains constrained at the ELB. In addition to
yielding an inflation outcome that is closer to the target, history-dependent policies
also generate lower volatility in inflation. This confirms that the well-documented
benefits of history dependence continue to be relevant even with a moderate depar-
ture from rational expectations.

In a robustness test, we also captured the marginal effect of myopia on the ranking
of frameworks when ELB is not binding. For instance, we found that FIT can outper-
form PLT even for a 5% departure from rational expectations. This suggests that a
central bank’s incentive to switch from FIT to PLT diminishes drastically even within
a numerically small range of myopia. In contrast, for a moderate amount of myopia,
AIT continues to outrank FIT. Nevertheless, we found that when the degree of de-
parture from rational expectations is sufficiently large, there is very little difference
in adopting history-dependent policy frameworks over FIT.

Our analysis can be improved by estimating the degree of bounded rationality in
household and firm behaviour in Canada. We leave this for future research.
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Appendix

Additional sensitivity analysis

To further explore what drives the results in the sensitivity analysis in Section 5, we
perform a stochastic simulation in a single shock environment to understand how
overall myopia interacts with the different types of shocks in the model.

Chart A.1 demonstrates that both PLT and AIT deliver inferior performance to
FIT with a cost-push shock. PLT’s superior performance in stabilizing macroeco-
nomic fluctuations diminishes completely under a negligible degree of myopia. AIT
is relatively immune to this problem, with only a mild increase in loss relative to FIT.
In contrast, both history-dependent policies show better performance than FIT under
demand shocks.

Chart A.1: Sensitivity of ranking to shock type

a) Cost-push shocks b) Demand shocks
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Note: FIT is flexible inflation targeting; AIT is average-inflation targeting; and PLT is price-level targeting.
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