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Fiscal Policy Perceptions in a Behavioral New Keynesian Model”

Thomas A. Lubik and Massimiliano Marzof

We study misperceptions of fiscal policy in a New Keynesian model based
on the imperfect cognition framework of Gabaix (2020), where agents have
limited ability to forecast future macroeconomic variables. We derive three
main insights. First, we document the failure of Ricardian equivalence under
misperception as the main transmission channel of shocks. Second, monetary
policy has a weakened impact on macroeconomic variables when compared
with the full information case. Third, we propose an endogenization of the
cognitive parameters as an extension to Gabaix (2020). Robustness analysis
reveals how households’ cognitive ability plays a dominant role in affecting the
size of macroeconomic fluctuations.
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1. INTRODUCTION

In this article, we provide a simple and intuitive introduction to the
derivation and the mechanics of BeNK, the Behavioral New Keynesian
model based on the exposition in Gabaix (2020).We focus on the key
concepts that make this modelling approach ‘behavioral’. We then apply
this behavioral framework to the standard New Keynesian model whereby
we contrast and compare the two approaches in terms of how BeNK can
change our understanding of macroeconomic policy and our interpretation
of macroeconomic data. We specifically focus on the role of public debt
and fiscal policies as they affect the perceptions of households.
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We develop these ideas in the standard New Keynesian (NK) model
where agents are characterized by imperfect perceptions about the future
evolution of the economy’s aggregates; that is, they have limited ability to
forecast future variables, such as income, interest rates and inflation. We
can think of this environment as one where the agents are limited - bounded
- by some informational friction. In this specific case, agents are assumed
to be myopic to small macroeconomic disturbances. Although agents are
boundedly rational, they employ the tools, reasoning, and equilibrium con-
cepts inherent to fully rational expectations models.

This assumption of cognitive misperception has non-trivial implications
for the evolution of aggregate macro variables. We show that the extent of
macroeconomic fluctuations generated by various shocks is dependent on
the degree of rationality assumed for both households and firms although
qualitatively the differences to the fully rational New Keynesian model
are small. One key discrepancy is, however, the behavior of debt and
deficits since Ricardian equivalence does no longer hold in BeNK. This
channel works through a modified household Euler-equation that reflects
myopia over the future evolution of fiscal variables or, in other words, fiscal
misperceptions.

Based on Gabaix (2020) we present a full derivation of the model in
log-linear terms. We extend the model to include three types of shocks:
a technological shock, a public expenditure shock and a monetary policy
shock. We also introduce explicit fiscal misperceptions on the household
side. This implies that public debt affects the Euler-equation equation
explicitly, which is markedly different from the standard New Keynesian
model. Arguably, this introduces a new dimension for the analysis of the
interaction between fiscal and monetary policy. Moreover, it presents an-
other example of failure of Ricardian equivalence, without resorting to dis-
tortionary taxation, finite lifetimes, or other assumptions. Debt policies
have real effects via real interest rate changes, which works as an addi-
tional transmission mechanism.

A second contribution is that we derive the full endogenous solution for
the cognitive parameters for both households and firms. This generalization
can be easily extended to more complex models by using numerical solution
methods usually adopted to solve DSGE models. We simulate the model
conditional to shocks and to several sets of behavioral parameters. The
model is also simulated under the fully endogenized values obtained for the
cognitive parameters as a function of the underlying core parameters of the
model. We find that the resulting calibration is similar to one of the more
extreme ones we considered with exogenous cognition parameters. It is an
issue for future research to determine how plausible this parameterization
is.
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Our paper contributes to a recent stream of work that has challenged the
assumption of fully rational agents in New Keynesian models. It is similar
to the rational inattention approach pioneered by Sims (2003) where eco-
nomic actors face a capacity constraint for processing information. It is also
similar to the discounted-Euler equation approach where households char-
acterized by a myopic behavior discount future consumption more heavily.
With behavioral, not fully rational agents, movements in interest rates thus
imply a weakened impact on today’s variables. These effects are smaller the
higher the degree of myopia is among households. Related work along these
lines is Eusepi and Preston (2011), Massaro (2013), and Garcfa-Schmidt
and Woodford (2019).

The paper is organized as follows. We lay out the building blocks of the
standard New Keynesian model in section 2, which serves as the background
for our introduction of behavioral aspects in section 3. We first present an
overview of the behavioral approach following Gabaix (2020). We then
derive the behavioral Euler-equation, the behavioral Phillips curve, and
introduce fiscal perceptions. In section 4 we conduct our main qualitative
analysis, where we calibrate and simulate the model for a set of shocks.
We differentiate between homogenous and heterogenous perceptions and
study robustness with respect to the other structural parameters of the
model. Section 5 introduces our endogenization of the heretofore exogenous
perception parameters. Section 6 concludes. An appendix at the end of
the paper contains some of the proofs of the main results contained in
the text. An additional appendix available online contains supplementary
materials.!

2. A STANDARD NEW KEYNESIAN MODEL

We first lay out the structure of the NK model for reference purposes
since the formulation of the BeNK model is based on it. Derivations are
well-known and we refer to the standard literature for further details. The
model contains three types of agents, a representative household, a con-
tinuum of monopolistically firms, and a set of policymakers, namely the
central bank and the fiscal authority. The optimization problem of the
household results in an output Euler-equation, interchangeably refereed to
as the IS-curve, the firms’ problem results in a Phillips-curve governing
inflation dynamics, and the model is closed by specifying the behavior of
the policy authorities in terms of feedback rules.

I The appendix can be found at: https://www.richmondfed.org/research/people/lubik
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The household maximizes the intertemporal utility function:

oo _ 1+%
Cl o L n
T i (MR 1)
t=0 =0 1+ n
subject to the budget constraint:
P.Cy+ PTy+ By = Ry 1By—1 + Wi Ly + 11, (2)

where C} is consumption, L; is employment for the nominal wage W, By is
a risk-free nominal government bond paying a gross nominal interest rate
Ry, T} is a lump-sum tax, and the aggregate price level is P,. The household
is the residual claimant to firms’ aggregate profits IT;. 0 < § < 1 is the
discount factor, o > 0 is the coefficient of relative risk aversion, and n > 0
is the labor supply elasticity. [E; is the standard rational expectations
operator.

The first-order conditions imply a labor-leisure trade-off: Li /m = C; W,/ P,
and a consumption Euler-equation: C; 7 = BR,E,C,, 7, . The model in
levels shows all the trade-offs traditionally highlighted by the literature. In
particular, from the Euler equation we again find the pivotal role played by
ez-ante real interest, given by RtIEtw;rll rate in deciding the intertemporal
allocation of consumption between period ¢t and ¢ 4+ 1, together with the
intertemporal elasticity of substitution o. In log-linear terms, the Euler
equation is:

- S T
ECiy1 = Cy + ;Et(Rt — Tit1) (3)

where each variable with ~ indicate its log-deviation from non-stochastic
steady state.

On the firm side, the production technology is: Y; = A, L — ®, where Y;
is output, A; is an exogenous productivity shock, and @ is fixed cost. Firms
are monopolistically competitive and have pricing power over their final
output. Final goods are imperfectly substitutable among an infinite set of
different varieties indexed by i € [0,1]. Each i-th variety of final goods
is produced by an i-th firm and they are aggregate;d via the traditional

CES Dixit-Stiglitz aggregator C; = [fol C; (z)%dz} 7' where 6 > 1 is the

elasticity of substitution among different final goods varieties.? From this
10

we can derive a demand function for variety ¢, Y;(i) = [%(:)} Y;, where

2An analogous aggregator can be defined for public expenditure G¢, which can be

thought of as an aggregate term comprised of each i-th varieties, indicated by G¢(4), for
all 4 in [0, 1].
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demand Y; (i) = C¢(i) + G¢(i), and Y} is aggregate demand. Similarly, p:(4)

1
is the price ofthe i-th variety, while P; = ( fol p}{edi) " is the aggregate
price index. Assuming Calvo-type price setting firms in each period can
reset their prices with probability 1 — (, while with probability ¢, they keep
their price fixed from one period to the next.
The optimal pricing problem of a monopolistically competitive firm is to
maximize profits:

o0

B} Z(Cﬁ)k)\t-we [P t41Yitrrh — MCrr(4)Yi 4], (4)
k=0

by choosing an optimal price P, ;y; subject to the demand function for
its variety and given marginal cost M C;y (i) from its production process.
After lengthy derivations that are standard and well known in the literature
we arrive at the New Keynesian Phillips curve:

Ty = BE T + Aimicy, (5)

where the coefficient \ is given by A\ = %.

Monetary policy is given by an interest-rate feedback rule, where the
central bank adjusts the nominal interest to changes in output and inflation
relative to their target levels:

#7 () wen, o

™

Similarly, fiscal policy is given by a feedback rule, where the fiscal authority
adjusts the level of taxation to outstanding government debt:

T, =vPRi_1 By 1. (7)

The model is closed by the specification of the government budget con-
straint:

By = Ry_1By—1 + PG, — P13,

where Gy is exogenous government expenditure. Combining the house-
hold budget constraint with the government budget constraint implies the
standard macroeconomic equilibrium condition:

Ci+ G =Y, (8)

Finally, the model includes three shocks: the productivity shock A;/A =
(As_1/A)* exp(ef'), the expenditure shock G;/G = (Gi_1/G)"? exp(e?),
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and the monetary policy shock e, We assume throughout that the in-
novations to the shock processes i.i.d. normally distributed with zero mean
and constant variances o2. As is standard in the literature, we consider
a symmetric equilibrium, where all producers of differentiated products
make identical pricing decisions. This results in the standard New Keyne-
sian 3-equation system for the analysis of monetary policy and its impact

on output, inflation, and the interest rate.

3. A BEHAVIORAL NEW KEYNESIAN MODEL

We now introduce behavioral aspects into the standard NK model fol-
lowing Gabaix (2020). The resulting BeNK model has the same struc-
ture as the standard NK counterpart. Intertemporal household decisions
are governed by an Euler-equation, firms’ pricing decisions are represented
by a Phillips-curve and monetary and fiscal policies are implemented via
feedback rules. There are three key differences to the standard environ-
ment. First, expectations are not fully rational but are behavioral in the
sense that information is not fully revealed to the agents and more distant
events appear fuzzier. This translates into higher cognitive discounting of
forward-looking behavior and the introduction of perception parameters
in the structural relationships. Second, the perception parameters change
the cross-equation and cross-coefficient restrictions implied by the standard
model and thereby the dynamic behavior of the model variables in a po-
tentially non-trivial manner. Third, the structure of the equations in the
BeNK model is altered to include additional variables and driving processes
that do not necessarily appear in the standard NK. It is this last feature
specifically that affects how the model reacts to fiscal policy.

In the following, we first introduce some general ideas about the be-
havioral macroeconomics approach. We then show in more detail how a
behavioral Euler-equation and a behavioral Phillips-curve is derived in this
context. In terms of policy analysis we then focus on introducing behavioral
perceptions of fiscal policy, which we use to close the model in a general
equilibrium sense.

3.1. General Approach

Behavioral macroeconomics attempts to incorporate the idea that in con-
trast to rational expectations (RE) environments with fully informed agents
expectation formation is not necessarily based on perfect knowledge about
the future evolution of all economically relevant variables. Instead, agents
can have a perception of reality that is fuzzy and possibly not fully forward-
looking. Under rational expectations, each individual agent has perfect
perfection about the possible future evolution of all variables. However,
there are likely variables over which it might be difficult to formulate ex-
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pectations in a RE sense. Such behavior can be characterized in terms
of discounting information available to a comparable fully rational agent.
Many behavioral models share this feature, ranging from models with ra-
tionally inattentive agents to agents performing signal extraction or simple
learning. Conceptually, this cognitive discounting leads to decision rules
that are superficially similar to their standard RE counterparts but they
correct for the behavioral aspect.

In order to make a behavioral macroeconomic model internally consis-
tent, two key elements are needed. First, an expectation formation mecha-
nism that is consistent with the informational structure of the model econ-
omy, while boundedly rational. More specifically, the resulting deviations
from fully rational expectations are not ad hoc but are subject to inter-
nal discipline and consistency. Gabaix (2014, 2017) shows how to derive
an appropriate expectations operator via the concept of sparse dynamic
programming. Second, a researcher still has to make assumptions on the
agents’ information set, or specifically, what economically relevant infor-
mation the agents perceive. Limited information equilibria can still be
perfectly consistent with rational expectations, so that behavioral macroe-
conomics in addition assumes behavior that follows a default state. We
now provide a high-level discussion of these two aspects in turn.

Consider a generic vector of variables Xy, k > 0. Let h(Xy1x) be a
generic function of Xy, with h(0) = 0. Define E; as the expectation op-
erator of a full RE agent. Generically, we describe behavioral expectations,
that is, the beliefs of a behavioral agent, by the “discounted” equation:

EBR [h( Xy 1) = mPE; [M(X¢yx)] , for all k >0, (9)

where EBF is the subjective behavioral expectations operator and BR
stands for ‘bounded rationality’. The parameter m captures the degree
of cognitive discounting, namely the degree by which each agent perceives
reality. An agent with rational expectations is characterized by the param-
eter value m = 1. When m € (0, 1), the agent has a distorted perception.
The more distant events in the future are, the more fuzzy they appear
to the agent. This reflects a limited ability in formulating expectations
given the full set of available information. Effectively, the parameter m
dampens the effect of future expectations, thereby implying a discounted
Euler-equation, for instance.?

3What distinguishes this framework from generic learning environments, say, is that
agents know the structure of the model, including the laws of motion of exogenous and
endogenous variables and the value of parameters. Similarly to rational inattention
environments, agents do not pay full attention to all available information; instead their
information set is sparse and information revelation is subject to cognitive bounds.
However, these frameworks typically impart persistence because of their reliance on
past information, which changes the structure of the reduced form.
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Similarly, we consider the following linear evolution of a state vector
Xy, which typically includes the pre-determined variables and the laws of
motions of exogenous shock processes:

Xit1 = G( Xy, e041) =T Xy + €41, (10)

where I' is a matrix of coefficients and G(+) is a generic transition function.
The second equality reflects that we consider linearized versions of underly-
ing non-linear models. The vector ¢; represents innovations to the dynamic
system which are typically assumed to have zero mean and are i.i.d. The
evolution of any control variables Y; of the dynamic model, that is, the set
of non-pre-determined variables can then be described by Y; = F (X4, €;),
where F' is some function. The state equation (10) encapsulates all infor-
mation that is potentially available to the agent. In this specific behavioral
environment, we assume that the cognitively limited agent perceives the
state with a modified version of this equation, namely as a distorted law of
motion for the set of variables X;:

Xip1 = MG(Xt,e441) = M (T Xt + €141), (11)

where the matrix M contains the corresponding cognitive discounting pa-
rameters. The expected value of (11) for a boundedly rational agent is thus
given by:

EBR(X, 1) = MTX,, (12)

which after iterating over time results in: EP®(X; ;) = M*T'X;. The im-
pact of the current state on (the expectation of) future outcomes is there-
fore discounted by MP¥ relative to its full-information RE counterpart. In
that sense, behavioral macroeconomics results in the idea of a “discounted
Euler-equation” .

The second aspect of behavioral macro makes assumptions about the
informational environment that agents operate in. The main assumption
is that they normally spend time in a default state, where all variables
are anchored to their non-stochastic steady state except for the aggregate
state variables. This is a form of rational inattention (albeit not optimally
derived as in Sims, 2003) that attempts to replicate actual behavior and
information processing. That is, agents on average (or in normal times)
follow policy functions consistent with the steady state and only track a
subset of state variables that they respond to. This also implies that agents
do not necessarily react to all incoming shocks directly. It is similar to
assuming a turnpike approach to consumption, say, where the single agent
consumes a constant fraction of income or wealth.

4Detailed expositions, especially the mathematical proofs, are to be found chiefly in
Gabaix (2017).
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In summary, the specific behavioral macroeconomics approach we imple-
ment makes behavioral assumptions about agents’ policy functions, about
their perception of the stochastic environment, and a model-consistent ex-
pectation formation mechanism. In what follows we embed the structure
of cognitive discounting into the standard New Keynesian model.

3.2. A Behavioral Euler Equation

The Euler-equation in a New Keynesian model describes the time path
of output as a function of the real rate of interest and aggregate shocks.
Ultimately, it is derived from the intertemporal consumption-savings deci-
sion of a household as laid out above. The behavioral Euler-equation is no
different. However, it rests on the assumption that agents only track some
key variables in their decision process and thereby react to the shocks only
indirectly through their effects on these variables. This puts households
into their default state much of the time. In the aggregate, evolution of
economy-wide variables can then be expressed in deviations from the de-
fault state. In combination with the appropriate behavioral expectation
operator this leads to a discounted Euler-equation.

Specifically, we assume that households are fully informed about and ob-
serve their labor income (wage and hours worked), but that they cannot
correctly perceive aggregate income or the evolution of the future interest
rate. Under these assumptions, it is straightforward to show that consump-
tion in the default state is:

cd = %bt +Y - T, (13)

where C¢ is the level of consumption in the default state and Y and T
are the steady-state levels of aggregate income and taxes. We relegate
the derivation of this expression to the online appendix. Constant Y and
T are artifacts of the limited perception assumption, while time variation
in real debt stems from the correct perception of household-labor income.
Default consumption thus only moves with real debt and is somewhat akin
to hand-to-mouth consumers, which have high consumption volatility since
they cannot engage in smoothing to the extent that fully unconstrained or
fully perceptive agents can.

The next step in deriving the behavioral consumption Euler-equation
is to express the policy function for consumption in terms of the default
state and expectations of future income streams. This essentially involves
iterating the intertemporal consumption-saving decision forward within a
sparse dynamic programming setting. Details can be found in the online
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appendix. The intertemporal consumption function is thus:

o0

1 t+s - r o~
Co=C{+EF Y <R> [b,RbT(ZHs) + 5V Zerss L) | (14)
s=0

where Ey = = b, = % (%bo — %) }7, ﬁ, indicate deviations from the
steady state of each variable, while Y (Z;, L;) is perceived individual in-
come.® Aggregate consumption can therefore be decomposed in consump-
tion in the default state and deviations from it that are driven by expected
and discounted perceptions of future fluctuations in income. Behavioral
consumers therefore still engage in consumption smoothing, albeit to a
lesser degree.

We now introduce imperfect cognition. We assume that each individual
has a distorted view about the aggregate level of income, but a correct
view about their future wage income. As in Gabaix (2020), we assume
that YU (Z;) = Y (L(Z;), Zi) = m,Y (Z;), where m,, € [0,1] is an atten-
tion parameter that indexes the degree of misperception. In addition, we
assume that aggregate labor income is incorrectly perceived by households.
Specifically, we posit that household income increases with individual-level
effort L; being above the aggregate L(Z;). The perceived level of income
can then be expressed as:

Y (Zy, L) = myY (Zy) + W(Zi)(Le — L(Zy)). (15)

Similarly, we assume that the household does not perfectly perceive future
interest rate paths. Consequently, there is a difference between the true
interest rate r(Z;) and the perceived one r*(Z;). This implies: r°"(Z;) =
m,r(Z;), where m, € [0,1] is an attention parameter. Finally, we assume
that at a steady state there are no perception differences, namely that
individual and aggregate variables coincide.

We now combine these expressions and log-linearize around the steady
state. This results in the following behavioral Euler-equation for output:

17} = MEti;;H_l + nREt + 77(?6515 + nbgt + 77T}Etft+lv (16)

where all variables are expressed in log-deviations from their respective
steady states. The precise coefficients are reported in the appendix. The
structure of the equation is similar to the standard NK model. Current

5We define the set of shocks hitting the economy as Z;. We indicate aggregate vari-
ables as Y (Z;), while variables at the level of an individual agent are simply denoted
by Y:. For instance, L(Z:) is the aggregate labor supply and Y (Z:) = Y (L(Z¢), Z¢)
is the aggregate income. In case of a single agent with limited perception we write
Y (Zs) =Y (L¢, Zt).
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output Z is determined by expected output Et}N/tH and the real interest
rate Eh and is affected by exogenous shocks hitting the economy, in this
case government expenditure G;. There are two key differences, however.
The Euler-equation is discounted in the sense that M < 8 and that the
responsiveness of output to the interest rate ng < o is changed. Perhaps
more importantly, output dynamics now depend on the level of debt b; and
expected taxes E;T;y1. Ultimately, this stems from a failure of Ricardian
equivalence in this behavioral setting. Households do not fully perceive the
effect that higher government purchases today have on future tax collection
or that, similarly, current debt levels are backed by future tax surpluses via
the intertemporal government budget constraint (assuming Ricardian fiscal
policy as in Leeper, 1991). In order to close the model, we would therefore
have to specify tax policy explicitly.

3.3. A Behavioral Phillips Curve

The Phillips curve (PC, henceforth) in an NK model rests on the assump-
tion of price stickiness. This idea carries over to the behavioral Phillips
curve when we introduce cognitive discounting. Specifically, we assume
that the decisionmakers at firms do not pay full attention to the evolution
of the future state of the economy. Much of the derivation of the behavioral
version follows the standard analytics in the NK price-setting problem. We
therefore relegate most steps to the online appendix and only focus on the
novel aspects introduced by the behavioral environment.

Price-setting is fully under control of each firm producing variety ¢. The
optimal choice of relative price P; ;4 is therefore found by maximizing:

EPRS (B Nk [PrpinYion — MCryi(0)Yi s (17)
k=0

subject to the demand function for Y; i, and the definition of P 4.
MCy41(7) is marginal cost associated with the production of the respective
variety. The presence of behavioral aspects manifests itself via the use of
the operator EP® defined as before. The decision-relevant variables for
the firm’s managers are thus perceived imperfectly, and more so the fur-
ther distant they are from the present.® At the same time, the structural
relationships underlying the production and sales processes are perfectly
known and understood, so that any deviation from RE stems from dis-
counting alone.

6This view is supported by empirical evidence on the inflation perceptions of managers
and CFOs, who should arguably be well informed of the aggregate financial environment,
but seem not to be. See Coibion et al. (2018) and Coibion et al. (2020) for further
discussion, analysis and evidence.
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The (log-linearized) optimality condition for price-setting thus reduces
to:

oo [oe]
EFES (B Pk = EPRY (CB)Fmicr ik (18)
k=0 k=0
Following the usual steps for Calvo-price setting, we can then derive the
behavioral Phillips curve:

;T't = BMfEt%t+1 + )mTct, (19)

where the coefficients are given by: M/ = m[( + (1 —()m,] and \ =
%o)(l_omz. The equation has the same structure as the standard
Phillips-curve. What is different are the coefficients. The perception pa-
rameter for inflation m, reduces the importance of expected inflation in
driving current inflation (as does overall perceptions m). Similarly, output
perceptions indexed by m, reduce the PC coefficient A relative to its RE
baseline and thereby make the Phillips curve flatter. Put differently, all
things being equal inflation becomes less volatile and in that sense more
sticky when perceptions of the future are imperfect. Finally, we note that
for m = m,; = m, = 1, the behavioral PC reduces to the standard PC.

3.4. Introducing Fiscal Policy Perceptions

We now tackle the third component of the model, namely the specifi-
cation of fiscal policy under imperfect perceptions about its future path.
This is the main contribution of our paper as it extends Gabaix (2020) by
allowing the interest rate on outstanding public debt to vary. Fiscal mis-
perceptions affect household behavior since they are the only ones subject
to taxation and it thereby changes the construction of the IS curve. While
the functional form of the Euler Equation does not differ markedly from the
generic version derived above the coefficients reflect imperfect perceptions
about future fiscal policy.

We begin with a reformulation of the log-linearized version of the gov-
ernment budget constraint:

bt+1 = Rbt + RRt + gbGt+1 — Tb,TtJrL (20)

R =1+ r is the steady-state value of the gross real rate of return, with r
the net rate; the coefficients are defined as: g, = G/b, T, = T /b, where we
assume b # 0. We rewrite the GBC as:

biy1 = by +rby + RR; + gpGig1 — TyTiy1 = by + diya, (21)
where we define the public deficit d¢41 for convenience as:

diy1 =1rby + RRy + 96Gir11 — TpTi41, (22)
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namely inclusive of interest service on the outstanding debt. Using b, r =
by + Z;TFZI di1; we can then express the GBC in terms of future taxes and
the evolution of the deficit:

T
1
Tivrv1 = Ve Rerr +wbe +7Gerri1 + T (E diyi — Vddt+T+1> , (23)
=1

with Yr = R/Tb, Yo = T/Tb, Yg = gb/Tb = (G/b)(b/T) = G/T, Yd = 1/Tb.
In a Ricardian economy, the behavior of the public deficit thus allows each
agent to infer the future evolution of taxes.

In contrast, an agent who is limited in his perception of the future evo-
lution of fiscal policy resorts to expecting fiscal policy to follow a default
tax policy. We thus specify for our behavioral setting the following rule:

Ty = Wb (24)

While this rule is superficially akin to fiscal policy in the Leeper (1991) and
Sims (1994) sense, namely that the government sets taxes as a function of
last period’s real debt, the default tax function is, in fact, a guideline for
the agent in making forecasts about future level of tax pressure. Crucially,
we assume that perceptions of future fiscal actions are informed only by the
existing level of public debt. This misperception is evident from comparing
the default tax function (24) with the actual law of motion (23).

We can now set up the fiscal perception equation as follows. The per-
ceived law of motion for future taxes 7?" is anchored to the level of public
debt:

T (Hyer, HY) = (1 —my)T(H{) +myT(Hysr)
= T(H{) +my [T(Hysr) — T(HD)] . (25)

Consequently, the level of future taxes perceived by the agent is:

By [T (Hysr, H)]

i=1

T
— ’Ybbt + mymT+1 (’%‘RFFT + ’Y'I‘Gt+T+1 +r Z dt+i — dt+T+1> (26)

Perceptions about future taxes are anchored by the level of initial debt:
the level of taxation is a distorted difference between the future level and
the past behavior of fiscal deficits.

We can now use equation (26) to derive a behavioral Euler equation:

Y (Zy, L) = myY (Zy) + (L — L(Zy)) — T, T (Z), (27)
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for all ¢ > 0, where all variables are expressed in log-deviations from their
steady state. The Euler equation with imperfect cognition about future
fiscal policy is then:

Y: = pprby — pre R + par Gy + MEYi 1 — pgleds g1, (28)

where coefficients are reported in the appendix. The full details of the
derivation of equation (28) are in the online appendix.
We can also rewrite equation (28) in terms of the output gap as before:

X¢ = —nrr(ie — 1 — BY) + M- X, (29)

where the output gap is Xy = Y; — Y;" and the real natural rate of interest
is defined as:

Hbr
Rt

R} =nenGe +nanAe + by — %Etdﬁl. (30)

The coeflicients are given by ngny = u% (bar + Mrpgpg — p1g) and nan =
,fLR"' (pa —1). We note that the natural real rate explicitly depends on fiscal

variables, public debt b, and the deficit dy41. This implies that a change
in the fiscal stance also affects the level of the natural real rate.

4. MODEL ANALYSIS: FISCAL POLICY INTERACTIONS

We now study the dynamic behavior of the economy in the presence of
cognitive discounting. To that end, we subject the model to three aggregate
shocks: a productivity shock, a monetary policy shock, and a government
expenditure shock, which are stand-ins for, respectively, supply, demand
and fiscal shocks. As argued above, under cognitive discounting Ricardian
equivalence need no longer apply. The question still remains, however,
how quantitatively important this is. We also assess the robustness of the
responses to a wide range of parameterizations.

For reference, we report the model equations below, where all variables
are expressed in log-linear deviations from their non-stochastic steady state.
Variable definitions are as above and the exact expressions of the coeffi-
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cients are given in the appendix:

MEYy 1 + prEeTypr = Yy — mobe — nric — na Gy, (31)
BMIEimiy1 = mp — kY + kpugGy + kg Ay, (32)
it = Gxm+ OyY: + (", (33)
T, = pyTocr + 1 222, (34)
Tt
biy1 = (ig — Eymyar)be + Gy — Ty (35)

The first two equations are the Euler-equation and the Phillips curve,
respectively, followed by the monetary policy and fiscal policy reaction
functions. The last equation is the law of motion for real debt. The
model specification is completed by the monetary policy shock process:
G = pmpC™y + €4, the productivity shock: A; = p,Ai—1 + ¢, and the
government expenditure shock: Gy = p,Gy—1 + e?. The innovations &; to
each process are assumed to be i.i.d. normally distributed with zero mean
and constant variance.

We choose a standard benchmark parameterization and then assess its
robustness. We set the discount factor 5 to 0.99. The share of labor in
the production function « corresponds to 67 percent of total output. The
Frisch elasticity of labor supply parameter 7 is set equal to 1. The degree of
risk aversion o is set equal to 0.5 capturing a high degree of intertemporal
substitution. In the sensitivity exercise, we test the robustness of our results
to different values of both n and o. The elasticity of substitution across
differentiated goods 6 = 6 reflects a moderate degree of monopoly power.
Finally, we choose a Calvo-parameter of ( = 0.75. The response of tax
revenue with respect to real debt ¢ is set to 0.2, a value lying within the
interval defining passive fiscal policy, as discussed by Leeper (1991). The
persistence in tax revenue, identified by p, is set at 0.6. The parameter
values are summarized in Table 1.

TABLE 1.

Parameter Values
B | o nlol0] ¢ |o1]pr]|pa|pc|omp|pr| ok |0 ]|omp
0.99/10.67|1]/0.5{6|0.75|0.2(/0.6[0.95[0.6| 0.7 |0.6]0.007]0.1|0.24

4.1. Homogenous Perception

We first analyze the economy’s dynamics when households and firms have
the same degree of behavioral inattention. We compare the various degrees
of inattention in the figures below to the baseline of full attention as in
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the standard NK model. The solid line represents the case of behavioral
parameters for both households and firms set equal to 1, indicating the full
rationality case: m = m; = m, = m; = my = 1, as well as M = M=
1. The dash-dotted line is for m = m, = m, = m; = m, = 0.7 and
M = M/ = 0.7, the dotted line for m = m, = m, = m; = m, = 0.3 and
M=M= 0.3, the dashed one for m = m, = m, = my = m, = 0.1,
M = M7 = 0.1. The responses to the three shocks are reported in Figures
1-3.

The responses to a unit productivity shock in Figure 1 reveal that the
behavior for the different degrees of perception are qualitatively the same.
Output, the nominal rate, taxes all increase after the shock, while infla-
tion and debt decline. The interest rate response is driven by the policy
rule, given the reaction of output. Lower inflation raises the debt burden,
which triggers a positive tax response that feeds back on a lower adjust-
ment path for debt. Under cognitive discounting the responses are much
dampened, with the exception of the policy rate, the latter being driven
by the relative strength (and the thus implied trade-off) of the output and
inflation responses. Agents perceive the supply shock as having less of an
effect on debt since the implied horizon over which they understand the
intertemporal budget constraint to operate is shortened, i.e., discounted.
Consequently, this triggers a weaker tax response. With very limited cog-
nitive ability (when all behavioral parameters are at 0.1), debt can rise in
response to the supply shock.

FIG. 1. Impulse Response Function, homogeneous perceptions, technological shock

Output x10° Nominal Rate A shock
0.01 4 0,015

In Figure 2, we report impulse responses to a contractionary monetary
policy shock. The baseline response in the NK model is that output and
inflation decline. Tax revenues rise to maintain intertemporal budget bal-
ance, which goes hand in hand with a decrease in debt. Under imperfect
cognition the response of the former variables is qualitatively the same,
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while debt holdings increase. In that scenario, monetary policy is more
effective in terms of a stronger output response since household perceive
debt as a hedge against reduced production. As before, this does not fully
wash out because of the limited perception of future tax increases. Just as
before, the behavior of debt in response to shocks can serve as an indicator
of the strength of cognitive discounting.

FIG. 2. Impulse Response Function, homogenous perceptions, monetary policy
shock

%10 Output Nominal Rate

This insight is partially confirmed by the responses to an exogenous
government expenditure shock as in Figure 3. An increase of G; in the
baseline NK framework leads to an expansion of output via the usual effect
on labor supply: workers anticipate higher taxes in the future because of
the largely debt-financed government expansion and therefore supply more
labor on account of a wealth effect. This triggers a fall in inflation and a
small rise in the interest rate. Interestingly, under cognitive discounting the
time paths of debt and taxes are largely identical (although the different
scale between the figures can be misleading). What matters, however,
is the perception of future tax increases to satisfy intertemporal budget
balance. With limited perception workers feel richer than they actually are
and increase labor supply by not as much. This weakened wealth effect
smooths the output and inflation response and can turn the former even
negative in the case of m = 0.1.

To summarize, the impulse response analysis demonstrates that the be-
havioral effects from cognitive discounting largely operate through a wealth
effect; or to paraphrase, government bonds are, in fact, net wealth when
agents perceive distant events less clearly than under full rational expec-
tations. Consequently, the intertemporal budget constraint has less bite.
Notably, these effects appear to make a quantitative difference when the
degree of cognitive discounting is large, that is, when the perception co-
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FIG. 3. Impulse Response Function, homogenous perceptions, public Expenditure
shock
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efficients m are small. In subsequent sections, we will therefore consider
modifications to the basic framework to assess robustness of this conclusion.

4.2. Heterogenous Perception

Households h and firms f can harbor different degrees of cognitive ability.
In the following, we deviate from the assumption of homogeneous cognitive
ability in Figures 1-3 by introducing different degrees of rationality. In
the following simulations we alternatively fix A and f to assume different
degrees of cognitive discounting. Specifically, h = 1, f = 1 indicates the
benchmark case, which is equivalent to setting the cognitive parameters
to unity. For instance, when h = 0.7, f = 1, firms are fully rational but
households have a limited cognitive ability: in this case, the behavioral
parameters are M =m, =m, = 1, for firms and M =m =m, = m, =
0.7, for households.

We first consider the productivity shock, reported in Figure 4, where
we focus on a very limited cognition ability, equal to 0.1, assigned in turn
to households and firms, an intermediate one (0.7), and a full rationality
case. We find that the largest responses are associated with fully rational
behavior, except for the nominal interest rate, for which the largest response
occurs under limited perception h = 0.1, f = 1. The general observation
from this exercise is that a lower degree of rationality implies a lower size
of the responses for all variables. The discriminating factor is the behavior
of debt. In the benchmark, real debt declines most in response to the
technology shock. We obtain a positive debt response whenever one of the
agents has very limited cognitive ability. Since households are the residual
owners of firms, the wealth effect is operative through this channel, too.
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FIG. 4. Heterogenous Perception, technological shock
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A similar reasoning applies for the case of the monetary policy shock in
Figure 5. Various combinations of perception parameters show very sim-
ilar qualitative responses, with the exception of real debt. In response to
a policy tightening, real debt rises when one of the agents’ perception is
very limited, whereas in cases of smaller deviations from the fully informed
benchmark debt declines. The reasoning is similar to the case of the expan-
sionary technology shock, where limited perception implies a weakening of
the wealth effect. At the same time, this aspect is more pronounced when
households are more limited in perception than firms. As the upper-left
hand panel of Figure 5 shows real debt increases most when i = 0.1, while
the effect is muted under f = 0.1.

FIG. 5. Heterogenous Perception, monetary policy shock
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Finally, we consider heterogenous perceptions in a response to an expan-
sionary government shock in Figure 6. The differential impact of limited
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household perception is illustrated by the seemingly counterintuitive re-
sponse of output which declines so that higher G effectively crowds out
consumption. In the standard model (or with high degrees of perception)
the expenditure shock is expansionary because of a wealth effect. With
this not at play, households do not fully perceive that they have to work
harder.

FIG. 6. Heterogenous Perception, public expenditure shock
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4.3. Robustness: Parameter Sensitivity

The key mechanism for the differential effects under cognitive discount-
ing relative to the NK benchmark is the relative weakness of the wealth
effect on labor supply and thus output and inflation via the NKPC. The
main determinant of the responsiveness of output to changes in labor is,
of course, the labor supply elasticity. We therefore assess the robustness
of this mechanism to variations in this parameter. A second exercise we
consider is the robustness to changes in risk aversion since this affects the
intertemporal consumption trade-off and thereby the strength of intertem-
poral budget considerations.

Figures 7 - 9 report impulse responses to the three previously considered
shocks under various scenarios. We consider four values for the labor supply
parameter 7: 0.1, 1, 5, 10, where 1 is our benchmark value. Moreover,
we assume homogeneous perceptions for three values: 0.1, 0.5 and 1, the
latter being the fully rational case. As expected, the strength of the output
response can be ranked in order of the elasticity of the labor supply as can
the response of inflation and taxes under a technology shock. In terms of the
overall strength of the response, behavioral parameters seem to play a more
important role than n, however. When behavioral parameters are small the
response of taxes does not fully cover the burden of debt servicing, caused
by the weak response of inflation, which then makes public debt increase.
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FIG. 7. Sensitivity with respect to 7, technological shock
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Responses to a monetary policy shock in Figure 8 can be similarly ranked.
In this case, it is more noticeable that the responses cluster according to full
or low perception, especially in the panels for the nominal rate and the debt
responses. This follows the insight derived from above that the strength
of the wealth effect driven by the degree of cognitive discounting becomes
evident almost exclusively in the behavior of debt. These considerations
also extend to an expenditure shock in Figure 9, albeit only as far as output
and the interest rate are concerned.

FIG. 8. Sensitivity with respect to 7, monetary policy shock
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We now turn to assessing robustness with respect to risk aversion o.
This parameter captures the willingness of households to shift resources
intertemporally and is therefore indicative of the strength of the behavioral

wealth effect.

We consider the following range of parameter values for

o: 0.5, 5, 0.05 and 10, which we interact with cognitive parameters for
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FIG. 9. Sensitivity with respect to 7, public expenditure shock
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households and firms by setting mx, m,, mg, my, and M, M f to three
different values: 0.1, 0.5 and 1. For simplicity, we assume homogeneous
perceptions.

Figure 10, shows impulse responses for two values for ¢, 0.5 and 5, and
for three values of the behavioral parameters (0.1; 0.5; 1). The extreme
values for o are reported in Figure 11. We observe that higher values of o
reduce the size of the response of GDP and taxes after a productivity shock.
When combined with small cognitive ability parameters, this leads to a
strong reaction of the interest rate, with an equivalent strong response of
debt and a mild reaction of taxes. More extreme values for o are associated
with weaker responses, when cognitive abilities are very small. We conclude
that a technological shock is less expansionary on output, if (i) risk aversion
is high; (ii) cognitive ability of both households and firms is very low.

FIG. 10. Sensitivity with respect to o, Technology shock
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FIG. 11. Sensitivity with respect to o, Technology shock
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The responses to a monetary policy shock are reported in Figure 12. Af-
ter a monetary contraction, we observe no crucial differences with respect
to the sign of response of all variables: we observe a sharp and persistent
reduction of both output and inflation rate. Interestingly, a stronger re-
sponse can be obtained for high risk aversion and a very low behavioral
parameters. Fluctuations of public debt are strongly dependent on the
specific parametrization chosen: high risk aversion and low degree of cog-
nitive ability imply that taxes do not show a strong enough reaction in
light of expansion of debt. That is, the wealth effect is weaker with more
behavioral agents that are more risk averse.

FIG. 12. Sensitivity with respect to o, monetary policy shock
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To summarize, we find that the key parameters in the behavioral model
are those associated with the degree of perception. Household parame-
ters are more important than those of the firm since the key transmission
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channel for behavioral effects is the wealth effect on account of a failure
of Ricardian equivalence. In the next section we dig a little bit deeper
by studying one way of micro-founding the thus far exogenous behavior
parameters.

5. EXTENSION: ENDOGENIZING PERCEPTIONS

The behavioral NK model can be solved for given perception parameters,
that is, the degree of misperception is treated as structural. Alternatively,
it is possible to treat cognitive discounting as a decision problem, in which
agents choose how much attention they would like to pay to distant future
events given some constraints on cognition. Such microfoundations for cog-
nitive discounting have been introduced by Gabaix (2014, 2017), following
in the footsteps of Sims (2003). In this section we apply this approach to
the NK model. We first broadly outline the approach, whereby we relegate
the details to the online appendix. We then study the dynamics of the thus
endogenized specification using impulse response analysis.

5.1. Outline and Summary

The microfoundations for cognitive discounting rest on the idea that
agents consciously choose not to pay attention to all future eventual paths.
This could either be because of limitations to information processing (e.g.,
Sims, 2003), lack of full knowledge of the environment (e.g., the learning
approach of Evans and Honkapohja, 2001), or cognitive discounting for
inate reasons. The latter can be operationalized by a two-step approach.
First, decision rules are derived conditional on given perception parameters
(as we have done so above), and second, based on the indirect utility and
profit functions, we solve a constrained problem for the optimal level of
cognitive discounting.

Specifically, following Gabaix (2014, 2017), we define a decision rule at
time ¢t as ¢ = (Cy, Ly) in the households’ problem. We define the set of
state variables S; = (b, Hy), where b, is the level of public debt and H;
includes all macroeconomic variables included in the model. As in Gabaix
(2020), the agent has the subjective value function:

Vi (ar, St m) = ulq) + BEV, (G® (q¢, Sty m,e¢) ,m) (36)

which fully characterizes his subjective view of the world captured by pa-
rameter m. G*® (q¢, S, m,¢e;) indicates the transition function. In the first
step of the endogenization problem the agent optimally chooses actions
qt = (Ct, Lt), given m:

q(m, Sy) = m;ix Vi (g1, St,m) . (37)
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In the second step, given the solution in (37), the agent maximizes the
following indirect value function with respect to the perception parameter
m:

maxE,V (q(m, St), Si, 1) — kyh(m — m?), (38)

where m? indicates the degree of attention associated to the default state
and (g(m,St), S, 1) represents the utility associated to the model with
m = 1. Specifically, each household maximizes its utility conditional on
the action g(m, S), net of the cost of deviating attention from the default
state m?. The function k,h(m — m?) describes the cost of implementing
a degree of attention higher than that associated with the default state,
that is, it can be interpreted as the ‘cost of thinking’. The cost parameter
k, > 0, whereby the fully rational case corresponds to k, = 0. Asin Gabaix
(2014), we assume the following parameterization: h(m—m?) = ‘m - md‘.

We implement a linear-quadratic approach via a Taylor expansion of the
utility loss:

1 2 d

maxféA(l —m)° — kyh(m —m*®), (39)

m

where A = Ao, and X is defined as:
A=E, S’tq%y 0)Vyq (q(md, O),O,md) qmys(md,O)St} . (40)

Gm,s is the second-order cross derivative and the set of variables is rescaled
as follows: S; = S; — Std = 05SY. The solution to this program is:

2
m:Q()\;Samd>7 (41)
where:
d 1 2 d Lo
Q(Mm):mmi(l—m)]}—l—h(m,m):max 1—§7m . (42)

Endogenizing perceptions follows a two-step procedure. First, we solve
the model conditional on a specific value of the cognitive parameters. Given
this solution, we then optimize with respect to perceptions. We detail all
the steps needed to get the full analytical solution in the online appendix.
For the numerical analysis we rely on standard method for recursive models,
like Blanchard and Kahn (2000) or Sims (2001), conditional on a specific
value of all cognitive parameters. The end of this process delivers endoge-
nous perceptions for both Euler equation and the Phillips curve.

5.2. Model Dynamics
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The structure of the behavioral NK model with endogenized perceptions
stays the same as in our baseline. What is different is that the perception
parameters are determined by deeper structural parameters so that the
endogenized version imposes additional cross-coefficient restrictions. This
results in specific values of these parameters, which are reported in Table
2.

TABLE 2.
Endogenous Cognitive Parameters
M ‘my‘mr‘Mf‘mr‘mM
0.328 | 0.88 | 0.66 | 0.67 | 0.22 | 0.2

In contrast to the various exogenous parameter cases we discussed above
this results in a parameterization where the degree of household perception
is relatively high, while that of the firms is comparatively low.

FIG. 13. Endogenous cognitive parameters, technological, fiscal and monetary pol-
icy shock
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We report impulse responses to technology, monetary policy and gov-
ernment expenditure shocks for this scenario in Figure 13. As is clearly
discernible from the graphs the results are in line with the results already
discussed in the sensitivity analysis. Specifically, the relatively high degree
of perception among the households resulting in a less discounted Euler-
equation weakens the wealth effect channel that is at the core of this specific
type of behavioral modelling.
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6. CONCLUSION

In this paper, we revisit the behavioral New Keynesian macroeconomic
framework of Gabaix (2020) and extend it to include three types of shocks:
a productivity, monetary policy and government expenditure shock. By
doing so we put additional focus on the perceptions of fiscal policy and the
implications of the intertemporal government budget constraint. In our
framework, bounded rationality implies that Ricardian equivalence does
not hold. Agents do not have the ability to forecast infinitely into the
future even if they are long-lived. This limited cognitive capacity makes
them more short-sighted and thus incapable of rationalizing the future
evolution of fiscal and monetary variables. In turn this implies that the
underlying wealth channel is less operative and thereby provides a wider
spectrum for dynamic behavior and monetary and fiscal policy efficacy.

We generally find that cognitive discounting implies that the responses
of the model variables tend to be smoother than the full rationality bench-
mark. This is more pronounced as perceptions become more limited and
when the limited perceptions are concentrated among households, the di-
rect source of the wealth effect. We also propose a simple approach to
endogenize the agents; cognitive parameters through a two-step procedure
which links the perception coefficients to deeper structural parameters.
This implies behavior that is not dramatically removed from full rational-
ity. Nevertheless, we present in addition determinacy results for different
types of interest-rate Taylor-type monetary policy rules including forward-
looking inflation targeting and a rule with an inertial interest rate. We find
that with boundedly rational agents Taylor-type monetary policy rules can
deliver full determinacy of the equilibrium even if the interest rate response
to inflation is less than one.

The paper demonstrates how the bounded rationality approach, mod-
elled as imperfect cognition about the future evolution of the economy, can
be implemented in a standard NK model. We also make tentative steps by
generalizing it to more complex settings. Follow-up research includes an
extension to consider investment and capital accumulation.

APPENDIX

The following sections list the analytical expressions for the coefficients
in the model equations derived in the main text for reference. The detailed
derivations are described in the online appendix.
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A.1. DETAILS FOR THE BEHAVIORAL EULER EQUATION

The analytical expressions for the coefficients of the behavioral Euler
equation derived in section 3.2 are as follows:

T ( Seb(1 —m) ) _ pmS.Gx
P R\O=5)C+am)) T A=8)(C+am)’
B S, —m, (brom%) +mbg B r
e () () e (),
S Cg( —Bmpy) — Bmpy (G + anog) I Bm
6 =150, S.(C + am) ’ 1- 5.6,
(= 222)
by = by

with «,, > 0 by construction since R > m.

A.2. DETAILS FOR BEHAVIORAL EULER EQUATION
WITH FISCAL PERCEPTIONS

The coeflicients of the Euler Equation in section 3.4 inclusive of fiscal
perceptions are:

bre = Ty (b b by, = 140 (L
R et =05y ().
sy (e ) e (R
banr =ty .
Hor = %7 HRr = Orr )
. T onr
e ¢G7—1__6(Z;Lj—g(1 +9) M, = - —BZSLRT’

[ta = ﬂm(qﬁd + ¢b7‘)
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A.3. DETAILS FOR ENDOGENOUS PARAMETER
PERCEPTIONS

The endogenization of perceptions requires a two-step procedure: in the
first step, we solve the model conditional to a specific value of the cognitive
parameters. In the second step, given the solution, we optimize with respect
to perceptions. The rationale behind this approach is given by the need to
have a set of policy functions, derived as solution of a recursive RBC-New
Keynesian model, mapping each endogenous variables with the underlying
shocks. These policy functions are next directly employed to recover the
endogenized perceptions.

The first run solution is obtained conditional to a generic value for be-
havioral parameters: in this case we set all perceptions identified by various
m’s, to be all equal to 1, equivalent to the full cognitive ability case. This
has two advantages: first of all, it reduces arbitrariness in setting up a
plethora of values, without any rationale behind that. Secondly, the pol-
icy function for each endogenous variable obtained as solution, are stable.
Intuitively, this assumption is equivalent to state that at each instant ¢,
each agent conducts a mental simulation about future evolution of vari-
able, which is assumed to be very precise: the agent is able to solve the
system, at time ¢, with full information. However, when time goes on,
agent’s posterior does no longer ensure full cognitive ability and cognitive
parameter (the m’s ) become less than one.

We could have chosen for the first run solution another value for the
cognitive parameters: this would have not changed our results materially,
since the resulting endogenized values emerging in the second step, would
have been rescaled with respect to the case where we set all m equal to
one. In this case the solution would have been strongly dependent on
initial behavioral assumptions: setting behavioral parameters equal to one,
is equivalent to sterilize the role of cognitive parameters in the design of the
solution. Clearly, after having obtained the optimal perception parameters,
the model can be solved again to get the full solution.

In the online appendix we detail all the steps needed to get the full
analytical solution. Given the nature of the system, the model can be
also solved numerically by using standard method for recursive models,
like Blanchard and Kahn (2000) or Sims (2001), conditional to a specific
value of all cognitive parameters: all numerical methods allow to get a set
of policy rules whose coefficients can be fruitfully employed to get the full
endogenization of cognitive parameters. The end of this process delivers
endogenous perceptions for both Euler equation and Phillips curve.

A.3.1. Behavioral Euler-Equation



284 THOMAS A. LUBIK AND MASSIMILIANO MARZO

Endogenous cognitive parameters identifying households’ perceptions for

the Euler equation are:

m=Q (/\a%?md)
kv

where:

with
A\, = —oC~7 1 4 nQUQL%—l

and ¢p,.q, Cm,g, defined as:

Bpa

—_— _
Cm,a = (1 _ ﬁmdp )2 (b'rmr/’tRa + bymyﬂya)
Bp, 7 . d 7
Cm,g = = ﬁﬂjdp >2 (brmrMRg + bymyﬂyg)
g

(A1)

(A4)

(A.5)

with: b, = b,/C, by = b,/C, and fiya, fiyg, [tRa; fiRg detailed in the online

appendix.
The degree of attention for the interest rate, m,., is:

m, = Q <)\O-*29” ,md>
ky

with:
2 _ 2 2 2 2
)\O.Sr - A7' - )\u (Cmr,aUA + Cmr,gaG>

with A, given in (A.3) and ¢mrq, Cmrg given by:

Cmr,a = 757411%@ Cmr,g = 71)7"/”’1?
1- ﬁmpa I 1- ﬁmpg .

The degree of attention for output m,, is:

Ao
my = Q ( kjy 7md>

2 _ 2 2 2 2
)‘sz — fu (Cmy,aUA + Cmy,goG)

with:

(A.8)
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with A, given in (A.3) and ¢my.a, Cmy,q given by:

by tiya by tryg
Cy.ag = ——2— Cony.g = ——22— A1l
Y, 1— Bmpa Y.9 1— ﬂmpg ( )

A.3.2. Behavioral Phillips endogenous perceptions parameters

Our next step concerns the analysis of endogenous perceptions for the
Phillips curve. To start with, consider the profit function, as firm’s value

function representation, given by Q" (P,;Hl“ YH;C):

Qr (pt,t+k,Y;s+k) = ]Efr Z(@C)kwbr (pt,t+k7Yt+k> (A.12)
k=0

where Pt,t+k is the log-linear version of the optimal relative price defined
as Pt7t+k = Pt,t — Zle T4i, and wbr (pt’t+k,}/t+k) is defined according
to:

w’” <Pt,t+k; Yt+k) = 6(170)P""‘+kyt+k — MCyype” "Prery, o (A13)

From (A.12) and (A.13), it is possible to recover the second derivative Q57|
i.e., the second derivative of the Value Function for firms. Therefore, the

endogenous cognitive parameters for firms are:

2 2 2
mfZQ(AfOS,md> mgC:Q(/\wUS,md) mWZQ()\WUS7md)

kV kV k‘V
(A.14)
where:
AfO% = Din a0 4 + Do g0 (A.15)
XeOG = Din,aTa + Do g0& (A.16)
Ar0% = Dir a0A + Do g0 (A.17)

where the expression of coefficients pm,a; Pm,g, Pmaz,as Pma.gs Pmr,as
Pmmr,g, ar€:
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_ (1 = B¢)paBS [ a2 B Pa 2 mypre(1 — pa):|
" (I=pa) LA =PmE)?  (1—=PBmlpa)? (1= pmlpa)?

(A.18)
_ (1 =B¢)peBC¢ [ bo pgbo M pip(1 — pg)]

Proo =0 =p,) A= Bm¢?2 ~ (1 BmCpy)? " (1— Bmlp,)?
(A.19)
Pma,a = % (A.20)
Pma,g = % (A.21)
o = ¢ ﬁ—cf)j;pa [1 T ﬁlcm,oj (A.22)
png = ¢ @Sp" [1 S TR 610an (4.23)
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