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Monetary Policy Under Limited Asset Market
Participation and Bounded Rationality

By ALEJANDRO GURROLA LUNA

In this thesis I analyze the consequences of incorporating
bounded rationality and limited asset market participation into
the popular New Keynesian model. I study extensively the im-
plications of these features for equilibrium determinacy and
the Taylor principle under four different specifications for the
interest-rate rule that central banks may follow. On the one
hand, limited asset market participation implies that not all
agents in the economy have access to financial markets, which
has important implications for monetary policy. For exam-
ple, an increase in the interest rate can generate an expan-
sionary (rather than the usually believed contractionary) effect
in the economy, provided that the degree of financial market
participation is sufficiently low. On the other hand, bounded
rationality states that agents are not fully-rational and thus
the expectations they make about the future can be inaccu-
rate. The “less rational” agents are, the easier it is to pre-
vent self-fulfilling expectations and determinacy is easier to
achieve under the Taylor principle. I also study the dynamic
effects of shocks and show how these two mechanisms affect
the economy’s response. Interestingly, I find that the bounded
rationality does mot have real implications.

1. Introduction

The popular New Keynesian (NK) textbook model is subject to several
criticisms due to a set of unrealistic simplifying assumptions that it makes.
In particular, the model assumes that all agents are fully-rational and that
all agents have access to financial markets. This thesis aims to introduce
bounded rationality and limited asset market participation into a NK frame-

LIMITED ASSET MARKET PARTICIPATION

The baseline NK model assumes that all agents in the economy have ac-
cess to financial markets and thus can optimally smooth consumption across
time. However, in reality this assumption is difficult to defend, especially in
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2 EL COLEGIO DE MEXICO 2023

developing countries where a significant fraction of the population does not
have access to financial markets.

For example, in 2018, according to the OECD, only around 47% of the
working age population in Mexico has a bank account. This evidence sug-
gests that a large proportion of the population does not save and this “ex-
cess” consumption may be due to a poorly developed financial system, ig-
norance or lack of promotion of the investment opportunities available to
the general public, or another behavioral characteristic such as bounded ra-
tionality as I will discuss below.

In this thesis I incorporate limited asset markets participation (LAMP)
first introduced by Bilbiie (2008) into the baseline NK model. I assume that
a fraction of agents have access to complete financial markets and that the
remaining fraction is “constrained” in the sense that they do not have ac-
cess to any sort of ownership such as shares in firms and contingent claims
(thus they are not able to smooth consumption). This limitation implies
that the latter fraction of agents simply consume the income they receive
from working in each period.

The main implication of incorporating LAMP is that monetary policy may
not work as it is usually believed. For example, an increase in the interest
rate from the central bank may result in expansionary monetary policy. For-
mally, the sensitivity of the output gap to changes in the interest rate (the
slope of the IS curve) may be negative (the usual aggregate demand logic, a
higher interest rate results in a lower output) or positive (an inverted aggre-
gate demand logic, a higher interest rate results in a higher output). And
the higher the share of constrained households in the economy, the more
positive the slope becomes.

This has important consequences for the design of monetary policy. In
standard models, in order to prevent indeterminacy and self-fulfilling ex-
pectations, central banks should adjust the nominal interest rate to changes
in inflation more than a one-to-one magnitude (the so-called Taylor prin-
ciple). However, under LAMP, an inverted Taylor principle (i.e., a passive
monetary policy) is required for equilibrium determinacy.
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BOUNDED RATIONALITY

It would be naive to think that consumers, given the complexity of the
decision-making process they face each period, are able to act optimally to
maximize utility, Simon (1957). Moreover, there is empirical evidence that
suggest that to maximize utility, agents indeed act as if they are not rational
(Gali and Gertler 1999, Fuhrer and Rudebusch 2004, Lindé 2005).

To address this concept, I also incorporate behavioral factors to the base-
line New Keynesian model. Following the same approach as Gabaix (2020),
the behavioral factor is as follows: agents are not able to perfectly measure
expected events in the future; the more into the future an event is, the less
accurate agents are in measuring this event (cognitive discounting).

It is important to note that since constrained households simply consume
their labor income as it is received (no saving decision), their optimization
problem does not involve discounting future variables. Consequently, only
unconstrained households are affected by cognitive discounting.

Mathematically, the cognitive discounting is introduced by assuming that
agents use a “behavioral expectations operator” rather than a “rational ex-
pectations operator” when optimizing. That is, the future perceived by the
agents in the present is biased towards the steady-state of the economy.
This behavioral expectations operator underestimates the value of the ra-
tional expectation of the relevant variables.

Let X; denote a state vector that in equilibrium evolves according to the
transition function G(+), that is X;;1 = G(X;). Each variable depends on
this state vector (for instance r;, = r(X;)). Linearizing the law of motion
yields X; 1 = I'X; for some matrix TI'.

However, due to the behavioral bias, agents misperceive the state vector.
Agents believe that the state vector evolves according to X1 = mG(X,),
where m € [0, 1] is a cognitive discounting parameter measuring how accu-
rate agents are with respect to the future. Therefore, linearizing again the
misperceived law of motion I get X;,; = mI'X;. Hence the expectation of
the behavioral agent is

EBR[X, 1] = mITX,.



4 EL COLEGIO DE MEXICO 2023
Moreover, iterating the last expression forward yields the following
EPRIX, 4] = mFTX,.
In general, for any variable z(X;), the beliefs of the behavioral agent satisfy
B [2(Xesn)] = mPEe[2(Xosn)]-

The proof is straight-forward. Given the state vector in a particular period,
any variable can be expressed (after linearizing) as b, X;, where b, is some
factor corresponding specifically and uniquely to variable z. Then

EP P 2(Xipk)] = BP0 Xpsn] = VEP[Xigr] = Uom By [Xpr] = mPEe[2(Xeis)]-

This way, agents “discount more heavily” the future than under rational
expectations. That is, the marginal rate of substitution between present
consumption to future consumption is higher than otherwise. In addition, I
propose a form of cognitive discounting for central banks trying to capture
the idea that they cannot accurately measure expected future inflation, es-
pecially during inflationary episodes.

In this thesis I look at the determinacy properties of four commonly-
employed interest rate rules by incorporating LAMP and bounded rational-
ity. I also study the impulse response functions of the economy to exogenous
shocks. Bilbiie (2008) finds that the sensitivity of aggregate demand to real
interest rates depends in a non-linear way on the share of asset market par-
ticipation. The lower the share, the more negative the sensitive is. And
as the share increases, the sensitivity becomes positive; thus for low shares,
the aggregate demand logic is as usual but this is inverted for high shares of
constrained households. Incorporating bounded rationality has great impli-
cations for determinacy of the steady-state equilibrium. However, bounded
rationality does not affect the aggregate demand dynamics under what I
will call the rational expectations LAMP. The LAMP model is also known
as a two-agent New Keynesian (TANK) model. Debortoli and Gali (2017)
show that the TANK captures reasonably well the implications of a baseline
heterogenous-agent New Keynesian (HANK) model regarding the effects of
aggregate shocks on aggregate variables. Albonico, Paccagnini, and Tirelli
(2019) find that in the European Union 39% of the population did not have
access to financial markets during 1993-2012, and that the LAMP model is
preferred to its representative household counterpart; probably this share
is higher for most developing countries highlighting the need to let go the
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representative agent found in the baseline NK model.

On the behavioral side, Farhi and Werning (2017) introduce bounded ra-
tionality in the form of level-k thinking. They find that the transmission of
monetary policy is mitigated the more into the future the monetary policy
change takes place; this is the so-called “forward guidance puzzle”. Angele-
tos and Huo (2018) analyze the effects of two behavioral distortions: a form
of myopia or extra discounting of the future (as the present thesis), and
a form of habit, or anchoring of current behavior to past behavior. They
show that both of these elements may be endogenous to general equilibrium
mechanisms. Angeletos, Huo, and Sastry empirically find that following any
shock, forecasts appear to underreact for the first few quarters but over-
shoot later on; in huge contrast to rational expectations. The behavioral
literature has been growing in the recent years. A caveat is the difficulty
of quantifying the behavioral pattern of agents; for instance, there is no a
single dominant estimate for the cognitive parameter of bounded rationality.

The main results of this thesis are as follows. Bounded rationality does
not affect the slope of the dynamic IS (investment-savings) curve and does
not change the threshold at which the economy passes from the “standard
aggregate demand logic” (SADL) to the “inverted aggregate demand logic”
(IADL) region. However, the sensitivity of aggregate demand to changes
in inflation expectations does change and is reduced in absolute value. The
proposed cognitive discounting of central banks shows that if they are aware
of the limitation they have regarding measuring expectation, they must re-
act to changes in inflation in a more aggressive manner than otherwise.
This result in turn increases the determinacy region in the IADL economy
making it easier to restore the Taylor principle even in a IADL economy un-
der the strict forecast-based inflation targeting rule; under this interest rate
rule, passive monetary policy induces determinacy, since the central bank’s
response to changes in inflation must be of a larger magnitude given the
cognitive discounting, this may restore the Taylor principle for a larger in-
terval of the share of constrained households. On top of that, Bilbiie (2008)
shows, an hybrid Taylor rule restores the Taylor principle in a TADL economy
too (in the rational expectations LAMP); incorporating bounded rationality
provides a larger determinacy region where a lower output response is suf-
ficient for the Taylor principle to produce determinacy. Additionally, under
the hybrid Taylor rule there is a interval for the output response where no
matter the inflation response, determinacy is never achieved and bounded



6 EL COLEGIO DE MEXICO 2023

rationality reduces this interval. Finally, I find that the less forward-looking
agents are, the faster the economy returns to the steady-state after a mon-
etary policy shock.

The rest of this thesis is organized as follows. Section 2 develops the NK
model under LAMP and bounded rationality. Section 3 presents the solved
linearized model which yields the usual two equations: the (behavioral) New
Keynesian Phillips curve and the dynamic investment-saving (DIS) curve.
Section 4 shows the given values for the parameters of the model used in
the numerical exercises and explains why those values were chosen. Section
5 studies equilibrium determinacy under the different interest rate rules.
Section 6 presents the dynamic effects of a monetary policy shock in the
economy. Finally, Section 7 concludes. The appendix contains technical
details such as deriving the behavioral New Keynesian Phillips curve.

2. The Model

As mentioned before, I extend a NK type model to incorporate bounded
rationality and LAMP. The model is comprised of two types of households
(constrained and unconstrained), a competitive final-goods producer, mo-
nopolistically competitive intermediate-goods producers, and a central bank.

The model is a closed-economy in which both types of households supply
labor to intermediate good producers and purchase goods for consumption
from final good producers. In addition, the unconstrained household has
access to state-contingent assets available from complete financial markets,
and is a shareholder of the intermediate firms making her eligible to receive
profit income. In contrast, the constrained household does not have access
to financial markets and does not receive this type of (profit) income. Un-
constrained agents (and thus intermediate firms) are subject to the cognitive
discounting.

There is a competitive final good producer that produces homogenous fi-
nal goods using intermediate goods as inputs. The final good producer, in
contrast to the intermediate good producer, is a price-taker.

Each intermediate good producer produces a differentiated good using
(only) labor as its factor of production. In each period, a given intermedi-
ate good producer has a positive probability of being able to reset its price
and a positive probability that it will not be able to adjust its price.



LAMP AND BOUNDED RATIONALITY 7

Finally, the monetary policy tool that the central bank uses is the interest-
rate. The central bank follows an interest rate rule that may depend on a
combination of the actual inflation, the next-period expected inflation, and
the output-gap.

2.1. Households

There is a continuum [0, 1] of infinitely-lived households that maximize
their expected discounted utility by choosing consumption, C}, and labor,
Ny, in every period. We assume that a proportion of households comprised
in the [0, A] interval do not have access to financial markets, whereas house-
holds in the interval [\, 1] have access, and we assume that there is a repre-
sentative agent in each subinterval denoted by a subscript H (constrained
households) and S (unconstrained households), respectively.

Constrained households do not have access to financial markets, and con-
sequently, are not able to smooth consumption across time and thus simply
consume all of their income as it is received (i.e., they have no saving de-
cision). Let Cy; be consumption and Ny, be hours worked in period ¢ for
the representative constrained household, the nominal wage she receives is
W, and the aggregate price level is P;. Her budget constraint is:

Wi

1 = — Ny,.

) Cutg = N
She then solves

(2) max u(Cpy, Nuy) st (1),

CH,t,NH,¢

where I assume a constant relative risk aversion (CRRA)! instantaneous
utility function of the form:

Cl—a’ _ 1 N1+<P
Np)==2Z —w—H
(3) u(Cn, N) = —— YT

w > 0 indicates how leisure is valued relative to consumption, ¢ > 0 is
the inverse of the labor supply elasticity, and ¢ > 0 is the inverse of the

Tt is called CRRA since the coefficient of relative risk aversion 7r(C) =
—Cu"(C)/u/(C) is constant. Note that uc = C77, ucc = —oC~ 771, thus rg(C) =
—C(-oC~HY/)C77 =0.
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intertemporal elasticity of substitution in consumption. Equivalently by
substituting the budget constraint (1) into the objective function, the max-
imization problem can be expressed as:

1—-0o
Wy _ 1+
(Pt NH’t) 1 Npy”
max —w ’

Nu ¢ l—0o 1+90.

The first order condition yields:

Wi W
(ENH’t) Ft - (A)N}it =0

1 ”rt l1-0o
4 — NP =—|(-—2

and thus consumption of the constrained household is

1 14

1\ o+e Wt ot

5 o W7+
®) w= ()" (%)

The optimization problem of unconstrained households is different since
they have access to complete financial markets for state-contingent securities
and thus face a different budget constraint. The period budget constraint
for the representative unconstrained household is given by:

(6) Bsi+ (Qg41 — Qs)Vi + PiCsy < Zy + Qg P Dy + Wi Ny,

where Bg; is the nominal value at end of period ¢ of a portfolio of all state-
contingent assets held, except for shares in firms, Z,; is beginning of period
wealth, not including the payoff of shares, V; is average market value at
time ¢ shares in intermediate good firms, D, are real dividend payoffs of
these shares and (g, are share holdings. The RHS is comprised of her
initial wealth, the dividends she receives from her ownership of firms, and
her labor income. The LHS is comprised of the value of a risky portfolio,
the value of the change in share holdings, and nominal consumption P;Csg,
where P, denotes the price-index of the final good.

I assume that both constrained and unconstrained households possess the
exact same instantaneous CRRA utility function; that is, the parameters of
the utility function do not change across types. Under rational expectations,
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the unconstrained household solves:

l1—0o 1+
CS,t+j -1 - NSt+]

w
l—o 1+

(7) max i B'E,

Cs,t+5,Nst+;5 “
Jj=0

subject to (6), where 0 < § < 1 is the discount factor and the operator E;[-]
represents the expected value conditional on information up to period ¢.

However, we assume that the agent is subject to a behavioral bias. In
particular, to a cognitive discounting outlined above in the introduction.
Thus, we say that the agent is a behavioral agent and thus she solves

1 o 1+
—1 N
(8) max Z ﬂtEBR S t+] N Sit+j

w
Cs,t+5,Ns,t45 =0 — 0 1+ 2

subject to (6), where EPF[.] represents the expected value conditional on
information up to period t as perceived by the behavioral agent.

Consider that the representative unconstrained agent reduces consump-
tion in period ¢t and using the resulting savings to buy a risky portfolio
that produces an uncertain stream of payoffs, Z;,1, Z;10,.... Since she is
optimizing, the marginal utility she forgoes from reducing her consumption
must equal the expected sum of the discounted marginal utilities of the fu-
ture consumption the portfolio will provide her. If the value of the portfolio
at t is Bgy, in the absence of arbitrage, then it follows that:

u'(Cy)Bs, = Ef" Zﬁ (Cerj) Zir;
Lj=1
I oo . ,O )
<= Bg, = EPE i WC)
S,t t _Zl /8 u/(ct) t-‘rj
= E7 ZAt,t+th+j )
j=1

where A;;y; is the stochastic discount factor. Note that under bounded
rationality, I must use the behavioral expectations operator. If the portfolio
only pays an uncertain payoff in the following period, it follows that:

(9) By =B A1 Zin) -
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Similarly, instead of considering the risky portfolio, now consider the own-
ership of the shares of firms that consist of price appreciation and dividends

(10) Vi = B2 [Arei1(Vigr + Py Diga)]
Iterating forward gives:

Vi= EfR[At,tH(EtH[At+1,t+2(‘/},+2 + PiioDiyo)] + Piy1Diya)]
= EtBR[At,tHWH] + EFR[At,tHPtHDtH] + EtBR[At,tJrlthrlDt+l]

k
= EP Ak Vier) + Z EP A1 P Diyy).

J=1

As k tends to infinity,

(11) ZE (AtitjPiyiDijl,

after imposing the following transversality condition:

(12) lim E [At,t—l-k‘/t—l-k] =0.

k—o0

Similarly for assets, the transversality condition is given by:

(13) lim E [At,t+th+k] = 0.

k—o0

Equation (9) can be expressed as

Bs,

)

Z,
(14) 1 = EtBR |:At,t+1 t+1:| .

Considering a riskless asset, equation (14) becomes
1= EtBR[At,t+1]Rta

where R; is the riskless gross short-term nominal interest rate.

Substituting the no-arbitrage conditions (9) and (10), as well as the transver-
sality conditions (12) and (13), into the wealth dynamics equation yields the
following intertemporal (or lifetime) budget constraint:

(15) ZE At isjPiyiCsprj]l < Zp + Vi + ZE [At4iWij N,y ).

7=0
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The Lagrangian of the optimization problem is given by:

00 —o 1
L= Z BjEBR Cé',tJrj -1 . sttrfj
i l-o 1+

— A ZEtBR[At,t+th+st,t+j] —Zy— Vi — ZEtBR[At,t+th+st,t+j] 7

j=0 Jj=0

where the A denotes the Lagrange multiplier. The first order conditions are

oL

9Ce, Cgf — AP, =0
| — C;j = \P,
Cqy P,
(16) ~— 0 nggl t+1 ]t;;l,
a(?\i,t = —wNg, + AW, =0
i oM T
St t

and the Euler equation of the unconstrained household is

(18) L _ pmpr Csin B |
Ry ' Csi Pin
2.2. Firms

The final good is produced by a representative firm using CES produc-
tion technology function to aggregate the continuum of intermediate goods
indexed by 1,

(19) Y; = (/Olmz')?dz');l,

where € > 1 is the constant elasticity of substitution between the individual
goods. The final goods producer is a competitive firm that maximizes profit:

(20) max BY; — /0 P,

Yi(4)
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where P, is the overall price index of the final good. Substituting equation
(19) into the final goods producer’s optimization problem (20) yields:

1 o 1
wox ([ v a) " = [ Rovoa
Yt(l) 0 0

and the first order condition is

1 e—1 ﬁ - 1 1
p—° (/ Y,(i)5 dz’) ly it Py =0
0

e—1 .
= () v - ()
(21) — V(i)=Y (P}(,j)>_€,

which is the demand for each intermediate good. Nominal output is given
by

RY, = /0 (i)Yl

Substituting (21) into the above yields the aggregate price index:

PY, = /01 P()Y, (P;(?)_E di

1
— Ptl‘f:/ P(i)'di
0

(22) — P, = (/01 Pt(i)l_edi)lie.

2.3.  Intermediate good producers

Each intermediate good is produced by a monopolistically competitive
firm indexed by i using a technology given by

vy [ANG) —F NGy > F
@=1y N(i) < F’

where A; is a common productivity shock and F' is a fixed cost assumed to
be common to all firms. Cost minimization implies solving the optimization
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problem
min Wy Ny(i)  s.t. Yi(i) = AN, (d) — F.

N¢(7)

The Lagrangian is
L = WiNy(i) + MYy (i) — ANy (i) + F| = WiNy (i) + MCy[Y, (i) — AiN.(@) + FY,

where I used the fact that the Lagrange multiplier represents the nominal

marginal cost for the firm in period ¢. Note that since all firms are identical,

the marginal cost is the same for all firms. The first order condition yields
Wi

(23) MC, = o

The profit function in real terms is given by:

~ P LW :
21 Do) = A% - Twici
P(i L AMC .
= A0y - 22N
P AMC Y (1) + F
_ t<Z)}/t(2) - t Ct t(l) +
By B Ay
P(i) MC, ~  MC;
) (22— 2 ) vty - 25,
which aggregated over firms gives the following expression for total profits:
MCy MCY
2 D,=(1- A )Y — F
(26) = (1) -

where A; > 1 measures the price dispersion of intermediate goods. In the
absence of pricing frictions, A, = 1. A, is derived as follows. Substituting
the demand schedule for the intermediate firms (21) into the production
function and aggregating:

1 P.(i —€
Yt/ ( g’)) di = AN, — F
0 t
1 . —€
Pt(l) . AtNt—F
2 — —= = ——— = Ay

As mentioned earlier, in this model there is price-stickiness following Calvo
(1983). In each period, with probability 6, intermediate good firms keep
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their prices constant (i.e., keep the price of the previous period). This
probability is independent across time and across firms.2 Unconstrained
households hold all the shares in the firms. Firms maximize the discounted
sum of expected future nominal profits, choosing the price P;(i). Note that
in the presence of this nominal friction monetary policy is non-neutral.

However, intermediate firms are also subject to the behavioral bias (we
assume that, since unconstrained households are the owners of the firms,
the bias is exactly the same between households and firms). Firms are not
able to accurately perceive the future, thus their price-setting problem is
given by:

(e}

max » G'EPR
Pii) <
J=0

Mooy (Bi0) = 1) () i,

after substituting the demand constraint (21). The first order condition,
after some manipulation, yields

> P(i)\ eMCyi (P °
_ § JIEBR A, ... V... 4 1— RE :
’ = R ((Pt+j ) (1=e)+ Py \ Py

=0
Rearranging the above first order condition

MCyy;

B(i)) " € N gimBR MCyy; (Fi(i)
N Yo | —= = — 0'E AV J
per i+t t+y (Pt+j) ] c—1 J;O t i+t t+y Pt+j Pt+]
S MCyy —1—¢
) ]Z::OHJEtBR |:At,t+jY;f+j Pt+;L (ﬁ) 1
<— PB(i) = 1
€ — o0 . —€
> 0IEPT {Atmm () }
j=
_ _¢ RBR - 0/ Aty Yy (Pryy)
- - 1 t o) —
€ Jj=0 Z QkEER [At,t+kYt+k (Pt+k) 1]
k=0
(28) = P

2In other words, in each period, each firm faces a Bernoulli trial where the probability
of “success” (being able to adjust its price) is 1 — 6.
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From the aggregate price index (22) we have

1
Pl = / Py (i)' ~di.
0

Using the fact that in equilibrium producers behave in the same manner,
both the ones that are able to reset and the ones that not,

pi-e = / P(i) edz+/ Pri)<di
0
(29) — 6P + (1 - O)(P))' .
2.4. Monetary policy

I study instrument rules as a function of either expected inflation, current
inflation, or the output gap. In addition, I assume that the monetary au-
thority is unable to accurately predict the future. Its cognitive discounting
parameter will be m“® (of course is reasonable to suppose that the cen-
tral bank has a better ability to predict than the average asset holder, thus

B > m). That is, for example,

EF mips] = (mEP) Ee[my].

Here, the cognitive parameter tries to model the inability of the central
bank to properly measure expected inflation (in contrast to the asset hold-
ers cognitive parameter where its motivation is the behavioral pattern that
people exhibit; no reason to say that the central bank is behavioral). Thus it
tries to explain why central banks usually underestimate future inflation.*

2.5. Market clearing conditions

Market clearing in the labor market requires that

Nt / NHt d2+/ NSt

(30) = ANgs + (1 = A)Ngy,

where the first equality follows from the two different types of households.
Market clearing in the financial market requires that bonds are in zero net

3In 2021, inflation started to rise and many central banks underestimated the mag-
nitude of the inflationary pressures. See Reis (2022).

4In an inflationary environment, central banks may be “behind the curve”. See
Bullard (2022).
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supply
(31) Zy = 0.

Equity market clearing implies that share holdings are equally divided be-
tween the asset holders. That is,

1

(32) QS,t = m = QS,t+1-

Market-clearing in the financial market and the equity market imply goods
market-clearing. That is, equations (31) and (32) imply:®

(33) Y, =Ch.

Finally, and naturally, aggregate consumption will be

(34) Cy=ACpi+ (1 = X)Csgy.
2.6.  Bounded rationality equilibrium

A bounded rationality (or behavioral) equilibrium is a set of 16 endoge-
nous variables comprised of: a sequence of prices {W;, MC}, Py, Pf, A}, a
sequence of allocations {Cy ¢, Cst, Ny, N, Yy, Zt, Dy, Qs4, Bsy, Ar}, and a
monetary policy {R;}.

The allocations must satisfy the following 16 equilibrium conditions:

— The constrained household conditions; the budget constraint (1) and
optimal labor supply (4).

— The unconstrained household conditions; the budget constraint (6),
the optimal labor supply condition (17), and the consumption Euler
equation (18).

— The aggregate version of the production function (27).

The intermediate good producers first-order condition (23).
— Aggregate real profits of intermediate good producers (26).
— A law of motion of price dispersion derived from (27).

— Price-setting rules (28) and (29).

A detailed derivation of equation (33) can be found in the appendix.
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— Market clearing conditions (31) and (32).
— Aggregate labor supply (30) and aggregate consumption (34).
— An interest rate rule.

Also, the transversality conditions (12) and (13) must be satisfied.
2.7.  Steady-state and linearized equilibrium

In the steady-state, the equilibrium conditions are evaluated in the absence
of shocks and assuming that all variables are constant. In what follows, all
variables without a time subscript denote steady-state values and I normal-

iZGAt:Azl.

Since prices are fully flexible in the steady-state,

€

e—1
(35) - " w
e—1

P = MC

where the last equality follows from (23). From (27), A; = 1, so there is no
price dispersion in the steady-state and a first-order approximation yields
A, = 0; for further details, see Gali (2015, chapter 3). AlsoY = N—F =C
and from the Euler equation, R = 87! > 1.

From the optimal labor supply (17)
wNg W e—1

Cg° P €
1
le—1)\ete
<:>NS:(—€ >‘P .
w €

Define the steady-state net mark-up as p = (¢ — 1)7! (so that 1 + u =
e(e —1)71). The share of labor income in total output is
WN WY+F
PY P Y
_e—1 (1 N E)
€ Y
I+ R
L+p
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Fy is the share of the fixed cost in output. Using aggregate profits (26),
profits’ share in total output is

ho._D_, _MC_ MCF
YUy o P PY
1 e—1
:1—6 € o
€ €
1 K
€ 1+p
L+p

I assume that the share of the fixed cost in steady-state output Fy is equal
to the net markup p, so that the share of profits in the steady-state Dy is
zero. Thus, in the steady-state, unconstrained households face the same
budget constraint as the constrained households, and consumption will be
equal for both groups, Cy = Cs = C' =Y this is known as an equitable
steady-state.

I log-linearize the model around this zero-inflation, non-stochastic equi-
table steady-state described above. The technique used for finding log-linear
approximations of functions follows from Uhlig (1995). Small-case letters
denote the log-deviation of a variable from its steady-state, that is, for ex-
ample, z; = In(X;/X**) = In(X;) — In(X*®). Deriving the approximations
is not difficult, but it is tedious, so details are omitted except for the Be-
havioral New Keynesian Phillips Curve (BNKPC), given that its derivation
differs considerably from the NKPC of the baseline model; see the appendix.

The 16 equilibrium conditions from above can be reduced, after log-
linearizing, to 12 conditions, which are:
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Ty — EFR [7Tt+1]

Ey : Euler equation, S EPE [cgi1] — csr =
o
FE5 : Labor supply PNt = Wy — 0Cgy
Es3:  Budget constraint, S Cst = Wy +ngy + —t)\
Ey:  Labor supply, H ONpt = Wy — OCH ¢
Es5: Budget constraint, H CHt = Wt + Ny
Es :  Production function vy = (14 p)(ny + ay)
E;:  Real marginal cost me; = Wy — Gt
Es ' Real profits dy = —mey + Yt
1+ p
1-0)(1—-0
Ey: Behavioral Phillips curve T = BMIE[mp1] — e, ¥ = ( )(9 ﬁ):
1— 6
M =m0+ —F—(1-6
m (04 7m0 0)
Eio: Labor market clearing ne =g+ (1 — ANng;
Ey : Aggregate consumption e = Aeme + (1 — Nesy
E15 0 Monetary policy e = 0 BPE[m ] + € = ¢amOPE ] + €

3. Model Solution

The log-linear model of the previous section can be reduced to a two-
equation system which, coupled with the interest rate rule, determine the
dynamics of the endogenous variables expressed in terms of inflation and the
output gap. The two equations are the Behavioral New Keynesian Phillips
Curve (BNKPC) and the Dynamic IS (DIS) curve:

Ty = BMI R[] + ke + BNKPC

Ty = m]Et[xt+1] - i(7’t - m]Et[TrtJrl] - 7’:) DIS,

oo
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where
_(1=-0)@1-6p) _ @ L A
v= 9 e T e N (U TcpeL
n=1+No—1), w=nm", Mf—m(9+%(1—9)>,
r = g (1 + (1= =0) + (1 - @) ,u) (mE[as1] — ay).
Ui X X

r; is the natural rate of interest, i.e., the interest rate the rate that prevails
under fully flexible prices.

THE SLOPE OF THE DIS CURVE

Denote the sensitivity of the output gap to changes in the real interest
rate as v = —n/(do). Note that n = 1 — X+ Ao > 0, since ¢ > 0, the
direction of the sensitivity depends only on the sign of §. Note that § > 0
if and only if

© A
0<l— ————
14+pl—=A
A 1
= e

1—A ®

1
(36) — ATl

I+p+o

The parameter ¢ is decreasing in the share of constrained households.

a0 ® 1

P__ ¥ )
A 1rp(d—A2

If A\ < A then 6 > 0 and v < 0, thus an increase in the real interest
rate would lower the output gap, that is, the increase in the interest rate
results in contractionary monetary policy. Since this is the standard think-
ing regarding monetary policy, the region where 6 > 0 is called the standard
aggregate demand logic (SADL). As X increases closer to \*, § decreases,
and thus the sensitivity of aggregate demand to interest rates increases in
absolute value, making policy more effective in constraining demand.

However, if A > A\* then § < 0 and ~ > 0, thus an increase in the real
interest rate results in expansionary monetary policy. Note that § — —oo
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as A — 1 (this limit case correspond to complete absence of financial mar-
kets). Thus the sensitivity of aggregate demand to interest rates converges
to zero and therefore monetary policy is ineffective. This region was coined
by Bilbiie (2008) as inverted aggregate demand logic (IADL).

In figure 1, I plot both regions as a function of ¢, the sensitivity of wage to
real income, setting the net markup, u, to different values. One can observe
that the lower the sensitivity of wages to real income, the more difficult it
is to get to the IADL region. As the sensitivity gets higher, a lower number
of households without access to financial markets is required.

Except for extremely high values of the net markup, u, and for extremely
low values of the sensitivity of wage to real income, ¢, the TADL region is
attainable. In particular, the empirical estimates for ¢ and p found in the
New Keynesian literature are 2 and 0.20, respectively. It can be seen from
figure 1 that the IADL region not only is empirically plausible, but also can
be reached under many reasonable parameterizations.

w=0 u=02

IADL region IADL region

SADL region SADL region

IADL region IADL region

SADL region SADL region

FIGURE 1. THRESHOLD SHARE OF CONSTRAINED HOUSEHOLDS AS A FUNCTION OF INVERSE LABOR SUPPLY

ELASTICITY.
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4. Values Used in the Numerical Exercises

According to the New Keynesian literature, in what follows unless stated
otherwise, I use the following values for the structural parameters (using a
quarterly parametrization):

@ =0.20
oc=2
p=2
B =0.99
0 =0.75.

These values are consistent with those found in the existing literature (e.g.,
Bilbiie, 2008). The steady-state markup, p = 0.20, implies an elasticity of
substitution between the individual goods € = 6. It is assumed that the in-
verse of the intertemporal elasticity of substitution in consumption is o = 2.
The inverse of the labor supply elasticity, ¢ = 2, implies a Frisch elasticity
of labor supply of 0.2. A usual value for the probability to adjust prices in
each period is 8 = 0.75, which corresponds to an average price duration of
one year (four quarters), and a usual value for the subjective discount factor
is 8 = 0.99, which corresponds to an annualized return on financial assets
of 4 percent.

For the cognitive parameters (which are also structural), I set

m = 0.80

mCE = 0.90.

Fuhrer and Rudebusch (2004) estimate that m =~ 0.65; since this value is
quite extreme, for illustrative purposes I use a more conservative value of

0.80 as in Gabaix (2020).°

It is reasonable to think that the value of the central bank’s cognitive
parameter varies from country to country, where, perhaps, central banks

6 According to Gali and Gertler (1999), BM/ ~ 0.80 (and I could take M/ ~ 0.80
since 3 ~ 1). However, I omit the empirical estimate of M7 since it is a function of m,
0, and 5. That is, to give a particular value for M7, I must adjust its arguments for
it to coincide. A combination for the triplete (m, 3,6) could have been (0.80,0.99,1).
However, the resulting values for 8 and 6 would differ greatly from the New Keynesian
literature.



LAMP AND BOUNDED RATIONALITY 23

such as the Federal Reserve and the European Central Bank, should have
a greater parameter relative to central banks from developing countries. I
propose a value of m“®Z = 0.90. The motivation is to model the underestima-
tion that many central banks usually make regarding inflation expectations,
which is of particular interest during inflationary episodes.

Given the values of the structural parameters, the rest of the parameters
are:

M! =0.727
B = BMT = 0.720
1
ezﬂ:6
i
1—6)(1-6
¢)::( >é 5)::(1086
1
NP 0375
I1+p+e
©
=0+ —— = 3.667.
X=a I+p

I omit on purpose A (and thus d) since it will be relevant to give it various
values depending whether the economy is SADL or TADL.

5. Interest Rate Rules

In this section, I analyze the determinacy properties of various interest
rate rules: strict forecast-based inflation targeting rule, hybrid Taylor rule,
strict current-looking inflation targeting rule, and a current-looking Taylor
rule.

In this analysis, I will refer to three different setups: rational expectations
LAMP, bounded rationality LAMP, and central bank bounded rationality
LAMP. Note that the first is a special case where m = 1, m®® = 1, and
(thus) M/ = 1. The second is m < 1 and m®® = 1, and for the third m < 1
and m®? < 1. Additionally note that the central bank cognitive discounting
does not play a role under current-looking rules.

5.1.  Strict forecast-based inflation targeting rule

Consider the interest rate rule

(37) ry = ¢emEPE ] + €.
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Substituting the interest rate rule into the DIS curve we get

€ — T
ry = mE[2,41] + %(m - ¢nmCB)Et[7Tt+1] - %

Together with the BNKPC curve we can write a system for the vector
(Z‘t, Wt)T as

(o gmomem) (o) = (37 0) () + (ast)
m  s-(m — ¢rmP) | \ Ey[mey1] 1 0/ \m % '
This can be rewritten as’

]Et[l't+1] -T Tt + o €t — 7'2( :
E, [7Tt+1] T Uy
where

ne(m=g;m) 1 _n(m—¢rm°®) 1 nlm—gymP)
T = mpBféo m ml,Bf&J' , P = | méo mﬁfl&r )
i 5 B
Since both inflation and output gap are forward-looking variables, determi-
nacy requires that both eigenvalues of I' be outside the unit circle.

The necessary and sufficient conditions for determinacy are as follows®:
Case 1: det(T') > 1, det(T") — tr(T') > —1, and det(T") + tr(T') > —1; Case 2:
det(I') < —1, det(T') — tr(I") < —1, and det(T") + tr(I') < —1. The second
case is ruled out due to sign restrictions. For the first case

Condition (A1.1) det(T") > 1

1

Condition (A1.2) det(T") —tr(T") > —1
6 —m _ a(1=§)(1—m)
> — .
) Nk
Condition (A1.3) det(T) +tr(T") > —1

o(l+p)(A+m) _ ¢em” —m
nK ~ ) '

"See the appendix for a full derivation under interest rate (37). The derivation is
omitted for the following rules since the procedure is vastly similar.
8See Woodford (2003).
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STRICT FORECAST-BASED INFLATION TARGETING RULE IN A SADL ECONOMY

When § > 0, noting that condition (Al.1) always holds and combining
(A1.2) and (A1.3), the necessary and sufficient condition for determinacy
can be expressed as:

6o (1 — p7)(1 —m) oo (1+ B/)(1+m)

m — < ¢.mP <m+ .
nK nK

Look at the lower bound first. First, under rational expectations for all
participants, m = m®® = 1. Thus the lower bound is given by the Taylor
principle (¢, > 1). Next, in the behavioral setup, the lower bound is less
than one if and only if

do(1—p)(1 —m) CB

m — <m
nKk

This condition will always hold since by assumption m“? > m and the sec-
ond term of the LHS is positive (negative considering the minus). So for
standard parameter values, the Taylor principle is still needed for determi-
nacy.

How important is the cognitive parameter m®? of the central bank?.
Given the bounded rationality of asset holders and intermediate goods pro-
ducers, we could have ¢, < 1, thus determinacy can arise under a passive
monetary policy stance. However, incorporating bounded rationality for the
central bank, reduces the region where passive monetary policy is allowed.
We conclude that if the central bank is aware of the downward bias it has re-
garding measuring future inflation, its response to changes in inflation must
be of a larger magnitude than otherwise.

Now, for the upper bound, under rational expectations we get 14 2dc(1+
B)/(nk). The upper bound under rational expectations is larger if and only
if

6o [(14B7)(1+m)—2(1+p)]
nK

<1—m,

which always holds. Thus the lower bound of the determinacy region is
getting lower at the expense of lowering the upper bound too.’

9A word of caution. Look at the lower bound of ¢,. In figure 2, I will plot ¢, as
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STRICT FORECAST-BASED INFLATION TARGETING RULE IN A JADL ECONOMY
When ¢ < 0, the necessary and sufficient condition is

LI m) oy o= )0 —m)
nK nK

Look at the upper bound first. It is greater than one if and only if

o= pN(=m) oy

nKk

By inspection, we can see that this condition holds except for values close
to A* (and A > A*). Therefore, even in the IADL region, there is a threshold
at which the Taylor principle still holds. This is different from a rational
expectations where only a passive monetary policy can induce determinacy.

This threshold gets larger as the share of constrained households increases.
Incorporating the central bank’s cognitive discounting induces an even larger
region where the Taylor principle holds (the logic, is as before, the central
bank must act more aggressively to changes in inflation).

For the lower bound, it is larger under rational expectations than under
bounded rationality if and only if

6o [(1+ BN (1 +m) —2(1+ B)]
nK

<l—m

which always hold. Thus in the TADL region, both the upper bound gets
larger (generally) and the lower bound gets lower.

Figure 2 shows the determinacy region for ¢, as a (inverse) function of the
share of constrained households A under the different setups. It is clear that,
once we incorporate bounded rationality into the model, the determinacy

a (inverse) function of the share of constrained households . Let ar := (1 — 87)(1 —

m)/(nk). Then the lower bound looks like m—azd < ¢.m E. Recall that § = 1— e ﬁ

and let b = ﬁ. Rearranging the above inequality, A < ap—mim®Pér _ ppe RES is

bar+ar—m+mCB¢,

a function of ¢, that has a vertical asymptote at ¢, = %. Thus, if this vertical
asymptote is at ¢, > 0, then the determinacy region changes, and a determinacy region
arises for small values of 6, in a SADL economy.
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region becomes considerably larger. Also note that central bank bounded
rationality increases the region in a IADL economy, but decreases it in a
SADL economy; this is illustrated by the dashed lines in figure 2. Figure 3
shows comparative statistics for the cognitive parameter m.

Central Bank Bounded Rationality LAMP Rational Expectations LAMP

FIGURE 2. DETERMINACY REGION UNDER INTEREST RATE RULE (37) FOR INTEREST RATE SENSITIVITY

TO CHANGES IN INFLATION AS A FUNCTION OF THE SHARE OF CONSTRAINED HOUSEHOLDS CONSIDERING

DIFFERENT SETUPS.

Note: Filled regions indicate determinacy regions. The dashed curves show the determinacy region under
m©B = 1. The horizontal-dotted line represents \* = 0.375.

It can be seen that as m decreases, in the SADL region, both the lower
and upper bounds are getting smaller, and in the IADL region, the upper
bound gets larger. That is, the less rational households are, the larger the
determinacy region where passive monetary policy can arise.

5.2.  Hybrid Taylor rule
Now I incorporate an output stabilization objective into the policy rule as
(38) re = Gxm B[] + doty + €

Substituting the interest rate rule into the IS curve and considering the
BNKPC curve we can write a system for the vector (z;, ;)7 as

0 B Eq[w¢41] -k 1 T — Ut

m—opzm® = + n(et—r;
m Am=em”7) ﬁ(’; ) E¢[miq1] 1+ % 0) \m mleri) - i)
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Central Bank Bounded Rationality LAMP, m=0.60 Central Bank Bounded Rationality LAMP, m=0.70

FIGURE 3. DETERMINACY REGION SENSITIVITY ANALYSIS FOR THE COGNITIVE PARAMETER, m, UNDER

INTEREST RATE RULE (37).

Note: Filled regions indicate determinacy regions. The dashed curves show the determinacy region under
mC©B = 1. The horizontal-dotted line represents A* = 0.375.

This can be rewritten as

() =r () v (727)

where
1 n (K@zmTP-m) & n(éxmE —m) 0 nm=¢xmF)
r=|(m méo Bf z mpB7S so P = | méo mb’fl&r
1 ) _ 1
_/Bif 5_f 0 B8f

Using the same method as before, we obtain the following necessary and
sufficient conditions for an equilibrium to exist. Note that with the dual
objective rule, the second case of conditions cannot be discarded.

Condition (B1.1), det(T") > 1

— f
b - _o(l—mp )
0 U
Condition (B1.2), det(T") — tr(T") > —1

o o= —m)
n

(£(@xm™® —m) + (1 = '),

SOl
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Condition (B1.3), det(T) + tr(T") > —1
o(1+ B8N +m) - 1
i )
Condition (B2.1), det(T) < —1

@ _ _a(1+m5f).
0 n

Condition (B2.2), det(T') —tr(I") < —1

oo —m)
n

(£(dxmF —m) — (1 + B7)¢s) .

(k(dxmF —m) + (1 = 1),

ST

Condition (B2.3), det(T) + tr(T") < —1

o / m
(1+6n)(1+ )<%(H(¢Wm03_m)_<1+ﬁf)¢$)_

HyYBRID TAYLOR RULE IN A SADL ECONOMY

When 6 > 0, the second set of necessary conditions are ruled out due to
sign restrictions. Thus we only focus in the first case. Condition (B1.1)
is non-binding, and combining conditions (B1.2) and (B1.3), the necessary
and sufficient condition for determinacy can be expressed as:

n So(14 )1+ m) N

nK &k nK

Take the first side of the above inequality condition and rewrite it as

Z < ¢ + Qs

where
m  do(1—B7)(1—m) Qzl_ﬁf

I

7 =

mCB nkmCB wmCB

@ is the long-run inflation elasticity of output. Under rational expectations,
Z =1, and the above conditions is called the generalized Taylor principle.
With a policy response to output, determinacy can now be achieved under a
passive policy response to inflation (¢, < 1), provided the output response
coefficient ¢, is set sufficiently large. Under rational expectations, output

targeting is more powerful, and the region of indeterminacy will be smaller,
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the greater is the degree of price stickiness.

Figure 4 shows that for any ¢, > 0, there is a region where the standard
Taylor principle holds. Again, as in the previous interest rate rule, the
benefits of incorporating bounded rationality are considerable. Central bank
cognitive discounting makes the lower bound of the region tighter. However,
since the Taylor principle is guaranteed, this is perceived as positive, since
it is reducing the region where passive monetary policy (regarding inflation)
is permitted. Additionally, the upper bound is less tight.

0 Central Bank Bounded Rationality LAMP 0 Rational Expectations LAMP
9 _ . 9

8 - . 8

A - 7

6 6

5 Determinacy Region & 5 Determinacy Region

4 4

3 3

2 2

LT PP 1

\\\
%o 0.2 0.4 0.6 0.8 1.0 %0 0.2 0.4 0.6 0.8 1.0
Ox Ox

FIGURE 4. DETERMINACY REGION UNDER INTEREST RATE RULE (38) FOR INTEREST RATE SENSITIVITY TO
CHANGES IN INFLATION AND TO CHANGES IN OUTPUT IN A SADL ECONOMY WHERE A = 0.30 CONSIDERING

DIFFERENT SETUPS.

Note: The dashed curves show the determinacy region under m©B = 1.

HYBRID TAYLOR RULE IN A IADL ECONOMY

When § < 0, we can get both cases for the necessary and sufficient con-
ditions. In the first case, condition (B1.1) yields ¢, < —da(1 — mpB')/n,
and combining (B1.2) and (B1.3), the necessary and sufficient condition for
determinacy can be expressed as:

_— do(1+ ) (1+m) N 1+ﬁf¢x < 6mCB <m - do(1-=pH(1-m) 1-p/
nK K nK K

In the second case, condition (B2.1) yields —éo(1 + mf37)/n < ¢., and
combining (B2.2) and (B2.3) the necessary and sufficient condition is given

-
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by

do(1— B —m) _1—Bf do (14 )1+ m)

m — bp < pxmE < m +

1+ 5/
L 1+8

neK K nK

Figure 5 shows the determinacy regions in both cases. Note that bounded
rationality effectively enlarges the determinacy region. Let’s see if we can
generalize this last result for any parametrization. Consider for a moment
m%? =1 and focus on the second set of conditions. Comparing the upper
bound, condition (B2.3), this condition is smaller under rational expecta-

tions than under bounded rationality if and only if

So((L+BN)(1+m)—2(1+8) (1—-m)k

n(B—p7) B—p
That is, for low values of ¢, bounded rationality enlarges the determinacy
region. Incorporating bounded rationality for the central bank increases

this region further. Finally, it can be shown that the lower bound is always
larger under rational expectations than under bounded rationality.

bz <

Central Bank Bounded Rationality LAMP Rational Expectations LAMP

/(81.3)
:

(B81.1)

(B2.1) (B2.1) (81.3)

(81.2)

0.0

1.0
Ox

0.5 1.0

x

FIGURE 5. DETERMINACY REGION UNDER INTEREST RATE RULE (38) FOR INTEREST RATE SENSITIVITY
TO CHANGES IN INFLATION AND TO CHANGES IN OUTPUT IN A TADL ECONOMY WHERE A = 0.40 UNDER

DIFFERENT SETUPS.

Note: The small region on the left corresponds to the region determined by conditions B1.1, B1.2,
and B1.3. The dashed curves show the determinacy region under m©B = 1. Filled regions indicate
determinacy.

Now, I plot the same figure setting A = 0.45 (note that the economy is

20

-
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still IADL since A > A* = 0.375). The region from the first set of condi-
tions gets larger, and the Taylor principle holds for low values of ¢,. For
the second set of conditions, the Taylor principle is satisfied provided that
the output response coefficient is high enough. And the higher the share
of constrained households, the more aggressive the central bank must be
regarding the output gap, in order to maintain the Taylor principle.

Central Bank Bounded Rationality LAMP Rational Expectations LAMP

(B81.1) (B1.1) (B2.1) (B1.3)

05 1.0 15
Ox

FIGURE 6. DETERMINACY REGION UNDER INTEREST RATE RULE (38) FOR INTEREST RATE SENSITIVITY
TO CHANGES IN INFLATION AND TO CHANGES IN OUTPUT IN A TADL ECONOMY WHERE A = 0.45 UNDER
DIFFERENT SETUPS.

Note: The small region on the left corresponds to the region determined by conditions B1.1, B1.2,

and B1.3. The dashed curves show the determinacy region under m®® = 1. Filled regions indicate
determinacy.

Finally, note that there is a region for ¢, where determinacy cannot be
achieved regardless of the value of ¢,. This region is the interval

(—do (1 —mp")/n,~60 (1 +mp")/n)

and its length is —25cmf3’ /n (the distance between the two vertical in the
previous figure). Since 90/0X < 0, the size of the interval increases as the
share of non-asset holders increases. In the rational expectations LAMP, the
interval turns to (—do(1 — ), =60 (1 + 3)) which length is 2d03. Since 3 >
m/37, bounded rationality reduces the size of the region where determinacy
cannot be achieved.

20
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5.8. Strict current-looking inflation targeting rule

Consider the interest rate rule

(39) Ty = ¢7r7rt + €.

Substituting the interest rate rule into the DIS curve and considering the
BNKPC curve we can write a system for the vector (x, m)

T as
(o ﬁf) (Et[:cm] (1 (a) (e
m % E, [7Tt+1] 1 % T W .
This can be rewritten as
E;[2i41] Y (e vt |
Ey[mes1] ur u
where
/L2 Nén e
I = <5f(51_i|—m ﬁf51+ m50>7 U = <m80 ifﬁ)
87 BF &

Using the same method as before, we obtain the following necessary and
sufficient conditions for an equilibrium to exist.

Condition (C1.1) det(T') > 1

R )
) Nk

Condition (C1.2) det(T") — tr(T") > —1

Or —m o(1— BN (1 —m)
> — .
) Nk
Condition (C1.3) det(T") +tr(I") > —1

¢rtm _ o(1+B)(1+m)
> — .
) Nk
Condition (C2.1), det(T") < —1

"

or _ _o(L+mp)
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Condition (C2.2), det(T") — tr(T) < —1

b —m __o(l=pH)(1—m)

) Nk

Condition (C2.3), det(T") + tr(T') < —1

$ntm _ o(l+B)(1+m)
—_— < J—
) Nk

STRICT CURRENT-LOOKING INFLATION TARGETING RULE IN SADL ECONOMY

When 0 > 0, the second set of conditions is ruled out. For the first set

b > _60(1 —mpY) — oy
Nk
e > m— do(1— B —m) —
nK
Or > —M — 50(1 + Bf)(l + m) = Qg3
nK

There is no upper bound on ¢, and, noting that, max{aqy, ajs, 13} = aya,
the lower bound is the same as under the strict forecast-based inflation
targeting rule setting m“? = 1 (as expected, the central bank’s bias does
not affect at all when the rule does not take into account future periods).
The determinacy region in the SADL economy is

do(1— (1 —m) OO) .

K

Or € (m—

Note that the Taylor principle holds for any A < A\*.

STRICT CURRENT-LOOKING INFLATION TARGETING RULE IN A IADL ECONOMY

When § < 0, the first case of the conditions are

_ f
¢ﬂ_ < _M = Qo
b < — (50(1—ﬁ,:)(1—m) —
f
b < —m — do(1+5)A+m) _ s,

K
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For the second case of the conditions

Q31 = _5J<1 —;mﬁf) < O

_ Rf _
(g i 1 — do(1 B/J(l m) <o
g i do(1+ ﬁlf;)(l +m) <o

Therefore, the determinacy region is given by

(0, min {91, a2, a3 }) U (maz {asy, ase, asz}, 00) .

Figure 7 shows the determinacy region under bounded rationality and
rational expectations. By inspection, as A approaches A\* from the right,
determinacy arises under a passive monetary policy stance. However, this is
the case only for a very small interval of the share of constrained households.
Additionally, let [ := min {ag1, agg, a3} and u := max {asy, aga, azs}. Since
% < 0, both [ and u are increasing in the share of non-asset holders A (each
argument of [ and u are increasing). Again, the benefits from incorporating
bounded rationality are considerable.

Bounded Rationality LAMP Rational Expectations LAMP

(€1.1)
c1.2)

FIGURE 7. DETERMINACY REGION UNDER INTEREST RATE RULE (39) FOR INTEREST RATE SENSITIVITY TO
CHANGES IN INFLATION AS A FUNCTION OF THE SHARE OF CONSTRAINED HOUSEHOLDS UNDER DIFFERENT

SETUPS.

Note: Filled regions indicate determinacy regions. The horizontal-dotted line represents A* = 0.375.
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Figure 8 shows comparative statistics for the cognitive parameter m. The
regions are effectively enlarged, reinforcing the idea that, the less forward-
looking agents are, the easier it is to achieve determinacy.

Bounded Rationality LAMP, m=0.60 Bounded Rationality LAMP, m=0.70

(€12)

FIGURE 8. DETERMINACY REGION SENSITIVITY ANALYSIS FOR THE COGNITIVE PARAMETER, m, UNDER

INTEREST RATE RULE (39).

Note: Filled regions indicate determinacy regions. The horizontal-dotted line represents A* = 0.375.

5.4.  Current-looking Taylor rule
Consider the interest rate rule
(40) T = QrTy + Qpty + €.

Substituting the interest rate rule into the DIS curve and combining with
the BNKPC curve we can write a system for the vector (x;, m;)7 as

0 B\ (Eifzi] _ —K 1 w) (e
m 52 ) \Ey[miq] 1+ % % 7Tt W )
This can be rewritten as

Et[$t+1] T T + T} €t — 7":

Et[ﬂtﬂ] N T Uy ’
where
nK 1 4 n¢e __ 7 NPx n__n_
I = Bféo + m + mdo mpféo + méo U — (m(SU Bf§a>
- — L ) I N O O Y
Br Bf
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Using the same method as before, the following necessary and sufficient
conditions for determinacy are

Condition (D1.1) det(T") > 1
gbz + /{gbﬂ' = _0(1 B mﬁf) )
0 n
Condition (D1.2) det(T") — tr(T") > —1
61— )+ wl0r —m) __o(1 =51 —m)
) n '
Condition (D1.3) det(T") + tr(T) > —1
bo(1+ B7) + K¢y +m) - Co(1+ 801 +m)
0 n
Condition (D2.1), det(T") < —1
¢y + kdr _ o(1+mp7)
< — .
0 n
Condition (D2.2), det(T") — tr(T") < —1
61— ) 56, —m) __o(1 =51 —m)
) n '
Condition (D2.3), det(T') + tr(T") < —1
¢ (1+ B7) + K(¢r +m) - o1+ )1 +m)
0 U

CURRENT-LOOKING TAYLOR RULE IN A SADL ECONOMY

When § > 0, the second set of conditions is ruled out, and for the first
case I get

BB g+ L,
nK K
s m) 1
nk "

So(14 (1 +m) 1+ p7f
— . < ¢p +

Pa

-
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These conditions can be rearranged to obtain the generalized Taylor con-
dition, and will coincide with the Hybrid Taylor rule after setting m©? =1
and m = 1. In the plane (¢, ¢ ), the largest intercept from the inequalities
is from the second (the only greater than 0) and the smallest slope in ab-
solute value is from the second too. I.e., the second condition is above the
other two for any ¢, > 0 and therefore is the condition most likely to bind.
Thus there is determinacy if and only if

The determinacy region is plotted in figure 9.

Bounded Rationality LAMP Rational Expectations LAMP

Determinacy Region Determinacy Region

FIGURE 9. DETERMINACY REGION UNDER INTEREST RATE RULE (40) FOR INTEREST RATE SENSITIVITY TO

CHANGES IN INFLATION AND TO CHANGES IN OUTPUT IN A SADL ECONOMY WHERE A = 0.30.

CURRENT-LOOKING TAYLOR RULE IN A JADL ECONOMY

When 6 < 0, the first case of the conditions are

_ f
¢7T+ l¢a¢ < _60(1 mﬁ )
K nK
s LB el g m)
nK
! !
¢W+1—|—ﬁ ¢x<_m_5a(1+ﬁ )(1+m)‘
K nK

It can be shown that condition (D1.1) is the most binding in this case.
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For the second case of the conditions

f
_M < ¢7|— + lqﬁL
nK K

_50(1—ﬁf)(1—m) < Jrl—ﬁf
Nk "

do(1+ )1 +m) 1+ 57
— . < ¢r +

Pq

-

Figures 10 and 11 plot the determinacy region under both set of condi-
tions for A = 0.40 and A = 0.50, respectively. The region for the first set
of conditions is minuscule. The Taylor principle is needed for determinacy,
provided the output response is set sufficiently large. And the higher the
share of constrained households, the larger the response to changes in the
output gap must be for determinacy under the the Taylor principle.

Bounded Rationality LAMP Rational Expectations LAMP

(D1.3) \ (D2.1)

0.2 04 0.6 08 1.0

9«

FIGURE 10. DETERMINACY REGION UNDER INTEREST RATE RULE (40) FOR INTEREST RATE SENSITIVITY TO

CHANGES IN INFLATION AND TO CHANGES IN OUTPUT IN A IADL ECONOMY WHERE A = 0.40.

Note: Filled regions indicate determinacy regions.

6. Model Dynamics

In this section, I illustrate the dynamic effects of a contractionary mone-
tary policy shock on the output gap, on inflation, and on the nominal and
real interest rates. I assume that the interest rate shock ¢, found on the in-
terest rate rules considered above follows an autoregressive process, AR(1).
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Bounded Rationality LAMP Rational Expectations LAMP

FIGURE 11. DETERMINACY REGION UNDER INTEREST RATE RULE (40) FOR INTEREST RATE SENSITIVITY TO

CHANGES IN INFLATION AND TO CHANGES IN OUTPUT IN A IADL ECONOMY WHERE A = 0.45.

Note: Filled regions indicate determinacy regions.

I approach the analysis considering the strict forecast-based inflation tar-
geting rule.

Consider the interest rate rule (37) and set ¢, = 1.50. First, look at the
SADL case, where determinacy is achieved, and consider different values
for the cognitive discounting parameter m. As expected, the contractionary
monetary policy reduces the output gap and reduces inflation. Note that as
m approaches to zero, unconstrained agents are not at all forward-looking,
so they will only care about the present. Figure 12 plots the impulse re-
sponse for A = 0.30 (SADL) economy. Note that the larger m is, the faster
the economy gets back to the steady state.

As X increases and the IADL region is reached, there might not be deter-
minacy. That is, the policy rule induces indeterminacy of equilibrium and
may destabilize the macroeconomy which can result in large reductions in
the welfare of the economy. In this case, to do comparative statistics I will
employ a method for solving and estimating linear expectations models that
exhibit indeterminacy following Farmer, Khramov, and Nicolo (2015).

Figure 13 plots the impulse response for A = 0.40 (IADL economy), where
¢, = 1.50 induces indeterminacy. It can be seen that the contractionary
monetary policy shock increases the output gap contrary to the usual ag-
gregate demand logic; recall that this is a IADL economy. Note that the less
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rational agents are, the greater the expectations-adjustment is. In this case
the contractionary monetary policy shock causes inflation to decline below
its steady state causing the nominal interest rates to decline in response.
This dampens the effect monetary policy shocks have on output (the de-
crease in output is smaller in the presence of indeterminacy).

Inflation Nominal Interest Rate

L 0.001

-0.005
0000 e L s s

&
0.010
-0.001

-0.015
-0.002

2 4 6 8 10 2 4 6 8 10
t t

Output Gap Real Interest Rate

0.006

....... m=0.10 % ceeeees mM=0.10

& 0.004 ——-— m=050

X
'
'
'

3
i

&

g

m=0.89 3 m=0.89

004 . 0.002

FIGURE 12. DYNAMIC RESPONSES TO A MONETARY POLICY SHOCK UNDER INTEREST RATE RULE (37) IN A

SADL ECONOMY WHERE A = 0.30 AND ¢, = 1.50.

What happens if the share of constrained households rises? Figure 14
plots the impulse response for A = 0.50 (still a IADL economy). The move-
ments are similar to those found in figure 13. In response to the monetary
policy shock, either inflation or the real interest rate must rise (if one vari-
able is going in the opposite direction, the increase should dominate the
decrease). Figure 14 shows that the real interest rate increase and inflation
decreases. Consumption of unconstrained households decreases due to the
real rate decrease, which implies a leftward shift of labor supply, and hence a
increase in wage and decrease in hours. Consumption of constrained house-
holds increases since the wage is increasing, and hence aggregate demand
rises, making the output gap positive.



42 EL COLEGIO DE MEXICO 2023

Inflation Nominal Interest Rate
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FIGURE 13. DYNAMIC RESPONSES TO A MONETARY POLICY SHOCK UNDER INTEREST RATE RULE (37) IN A

TADL ECONOMY WHERE A = 0.40 AND ¢, = 1.50.

Inflation Nominal Interest Rate
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FIGURE 14. DYNAMIC RESPONSES TO A MONETARY POLICY SHOCK UNDER INTEREST RATE RULE (37) IN A

TADL ECONOMY WHERE A = 0.50 AND ¢ = 1.50.
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7. Conclusion

In this thesis I study extensively the dynamics of the baseline NK model
augmented for bounded rationality and limited asset market participation
as well as the determinacy properties of interest rate rules. Both bounded
rationality and LAMP are relevant for developing countries such as Mexico.

For a high share of constrained households, LAMP changes aggregate de-
mand sensitivity to interest rates in an inverted manner, that is, an increase
in the interest rate increases aggregate demand. Thus the central bank must
be careful in setting monetary policy since it may induce the opposite effect
it is looking for. Interestingly, incorporating bounded rationality does not
affect the slope of the DIS curve and does not change the threshold at which
the economy passes from the SADL to the IADL region. However, the sensi-
tivity of aggregate demand to changes in inflation expectations does change
and is reduced in absolute value.

In addition, I propose a cognitive discounting parameter for the central
bank trying to capture the inability of the authority to properly measure
expected future inflation. It is shown that if the central bank is aware
of this limitation, it must act to changes in inflation in a more aggressive
manner than otherwise. I find that central bank reduces determinacy region
in a SADL economy but increases it in a IADL economy. This is seen as
positive since the main issues such as a passive monetary policy arise only
in the TADL region, thus we can sacrifice some space in the SADL region
to benefit the IADL region. This may restore the Taylor principle even in a
IADL economy under the strict forecast-based inflation targeting rule. The
hybrid Taylor rule restores the Taylor principle in a [ADL economy too (in
the rational expectations LAMP). Incorporating bounded rationality “fixes”
the TADL region further, by providing a larger determinacy region where
a lower output response is sufficient for the Taylor principle to produce
determinacy. Additionally, under the hybrid Taylor rule there is a interval
for the output response where no matter the inflation response, determinacy
is never achieved; bounded rationality reduces this interval. Finally, I find
that the less forward-looking agents are, the faster the economy returns to
the steady-state after a monetary policy shock.
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8. Appendixes

A. Derivation of Equation (33)

Substituting (31) and (32) into the asset holder’s budget constraint:

1
PCs; = 1= /\PtDt + WiNg,
1 WiNg
<— (Cg;,=—D =
St= 1\ + P,

Substituting both of the budget constraints, total consumption is
Ct — >\CH,t —|— (1 — /\)Cs,t

WtNHt 1 ”tNSt
Al = : 1— D =]
(A1) A P +(1—=X) (1 —Di+ P )

From (24), aggregating profits yields

Dt:/ol Dy(i)di = /01 <P;§j)y;<'> _ %Nt( )) i

Substituting the demand for the intermediate good (21) into the above
1 . .
b)) (B()\ Wi
D, = Y, — SEN (i
/0<p(p - S ) d
1 . 1—e
Pt(Z) Wt .
- Ny ey
/0 (( P, ) ) (4 )) di
1 1—e 1
= <Ft) Yt/o Pt 1 ‘di — / Nt

(A2) — Y, — = (ANg + (1 — A)Nsy).

Substituting (A2) into (Al)

= A VeV | (1-)) L (v - Wt(ANHt +(1—A)Ngy) | + Wells,
1—A j2 P,

WiNg,

W,
+Y, — _(ANHt + (1= A)Nsgy) + (1= A) P
t

By By




LAMP AND BOUNDED RATIONALITY 45

B. The Behavioral New Keynesian Phillips Curve

From (28),

[e.9]

Pt*: € EBR Z - QjAt,t-i-jY;t—l—j(Pt—&-j)eil Mct+j

—1 —
¢ i=0 y_ OFEPE [At,t+kYt+k (Pitr) 1]
k=0

P/ o . .
= Fize’“EfR [AteerYern (Per) ™' :6_ P ZQJEB [AvaiViri(Pry) " MCiyj] -

Log-linearizing around the zero-inflation steady-state:

(e)kAzsyss (Pss)€71 (1 +p: — Pt + EfR[ln(At7t+k)] + ]EtBR[ytJrk] -+ (E — 1)]E [pt+k])

K

B
Il

0
oo

=D _OPAPY=(P*) 7 (1= o+ EPRIn(Arir )] + EPyeas] + (€ = DEPFprag] + EP R mey))

J=0

— Z kAssyss Pss) t _ Z(Q)jA;SYSS(Pss)e_lEtBR[mCtJrj]
k=0

=0
= p; Z(Qﬁ)k =Y (08YE [mey]
k=0 =0
= i 2= Z(Qﬂm)jEt[mch]

= (1=068)) _(68m) Eyfme,].
7=0
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Therefore,

pi —pr=(1-05) ZﬁjEt[WHl o T — )

J=0

= (1= 0B)E,

H; — Z Pjﬂt+j
j=0

= (1-68)> PR [Tpﬂtﬂﬂpo - ,ut—i-j:|
=0

(B1) = ZP]Et {11 — pﬁﬂtﬂﬂpo - (1= eﬁ)ut+j:| -
=0

Denote H, as

oo 7 oo 0o 0o oo
: , 1 1
Hy = ZP] Zﬂwk = Zﬂ-t-‘rk ZW = 1-, Zﬂtﬂcpk = 1-, Zﬂ%ﬂkﬂkw-
j=1 k=1 k=1 j=k P P =0
From the aggregate price level

pe=0pi—1+ (1 —0)p;
= p—pi1 =1 —-0)p; —pi—1)
= m=0-0)p; —p+p—p-1)=1—=0)(p; —p+m)
1-06

(B2) — M= T(pf — D).

Substituting (B1) into (B2)
1—60<= . [1-06p
= ;ﬂEt [ﬁﬂtﬂﬂpo - (1- eﬁ)ﬂﬁj} :
Let F' be a forward operator define as F'y; = y;11. Then, for example,

- k _ - krk, _ - krk Yt
Zpyt-i-k_zprt—ythF —ﬁ-
k=0 k=0 k=0
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Now I get
1 -0 0
T = —(F— P7Et —ﬁﬁtﬂﬂ >0_(1_96)Mt+3
0 s p
1-0 1—-608 pF
~ 7 Et|:1—p1—pF7Tt (1 5)1_ Fﬂt]

1-46 1 1-6p
=9 Et{l_pF(1_pPFWt—(1_96)M)}-

Multiplying by (1 — pF) yields
1-601-10 1-6)(1—4
o (1+_ ﬁ) pIEt[Fm]—< ) ﬁ)ut

0 1—p 0
_ (1-0)(1—08) (1-0)(1—08)
= m (9 + 1= 3om ) Ey; [me41] — g e

L= 5MfEt[7Tt+1] — Y.
C. Model Solution
Since hours of constrained households are constant, ng; = 0, i.e., their

consumption is the real wage, ¢y = w;. Total labor supply (from the labor
market clearing condition) is

ng = )\'I’LHﬂg + (1 — )\)ns’t
= (1 — )\)n&t.



48 EL COLEGIO DE MEXICO 2023

From aggregate consumption,

Cst = C — )\(CH,t - CS,t)

=Yt — A(wt - Cs,t)

=y — A <1f)\nt+<7€s,t) + Acs
PA
1—A
PA
1—A

R AN N TSN
Yt 1-A\1+1u t

_ pA A
B <1‘ (1—A)(1+u)>yt+ T
= Sy + (1—6)(1+ pay
(C1) = csy = Oy + (1= 6)(L+ pwa)n ",

=y — ne — Ao — 1)cgy

< CS,t<]- + A(O‘ — ].)) = Y —

Uz

where 7 = 1+ A(0—1). Substituting into the Euler equation of asset holders

EGyes + (1= 8)(1+ marer )] — Gy + (1 — O)(1+ gyt = =T lmre]

g

(C2)
(1+w)(1—09)

= 1y = mE[yq] — %(Tt — mE[m1]) — f(at — mE|a;11]).

Substituting equation (C1), and noting that n, = (1 — A\)ng; and n, =
y/(1+ p) — ar, thus ngy = (y¢/(1 4+ ) — ar)/(1 — A), into the labor supply
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equation of asset holders
Wy = 0Cst + PNgyt

_ . P Ye
= (o (1= )1+ e + 55 (T )

%
(1 =)

_ '(1_ PA )0771+ ¢ }y B { e sokan‘l] .
i (1=N)(1+p) A=NA+p]” J1=X 1=-x]"
[ _ 1—Xon™h)

_ 1 1 1 . o(
o+ s e
- » a p(1 =Ny~

— + 1-A _p A
R e Rl e

R ' o1
=1 [a+—1+u Ye—on

(C3)
=" (xye — pa),

where y = 0+ ¢/(1+ p). Substituting equation (C3) into the real marginal

cost equation

1 +u)} e [L +{1 -0 +u)0n‘1} a

= |don~' + T

Qg

mcy = Wy — At

= 7771(th - SDGt) —

(C4) =n""xye — (L+en Ha,
Finally, substituting equation (C4) into the BNKPC
= BMEy[mi4a] + ¥mey
= BMIEy[mi ] + (0~ xye — (1+ onay)
[

]
]
= BM'E, Terr] +nen"ye — (14 on Hay
(C5) = BMIEy[mi 1] + kye — (1 + on ay

Let z; = y; — y; denote the output gap (difference between actual output
and natural output). Natural levels of all variables are those occurring under
fully-flexible prices, and hence inflation is zero and real marginal cost and
markup are constant. From (C5), the natural output level is

L V0 +en) P +en) T4+ ent oty
Y = ay = -7 &= - A&t = ag
K KN X" X
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So marginal cost is related to the output gap by

mee =1 xye — (14 on YHa
_ -1 * —1 -1 *
=n x(—y)— L +en a+n " xy;

B B on+
=n""xz: — (L+¢n Da+1n lx%at

=n"xz: — (L+en Na+ 0" (n+ )a;
=n"'xv.— (L+en Da+ (1 +en Ha
= 7771X55't-

However, I introduce cost-push shocks as @; = ¥~ 'u,, thus I redefine the
marginal cost as

(C6) mey =0 xw, + %

Substituting into the BNKPC (C5), we get its expression as a function of
the output gap,

T = BMfEt[ﬂ'tH] + Ymey
U
= BMfEt['/TtJrl] + (U_lX-fUt + j)
(C?) = /BMfEt[Wt+1] + RX¢ + Ut.

Evaluating the IS curve under flexible prices, we get from (C2)

ro = mEufreer] = oL = mEafrea]) = S (0, — B fae]) + Bt ] ~ o
= mE ]~ G~ mE ) — O o))~ T (0 B )

(C8)

= mE[zi41] — %(Tt — mE[m41]) — + (ar — mEq[az1]).
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Let

_d+wd=9) nte
0 X
_ (A +p)A=0)x+n+¥)d
ox
_ A+ ux+m+e— 1+ p)x)s
ox
_ A+ mx+m+e—(A+po+¢)d
%
A +px+mt+e—(A+po—¢)
0X
A+ m)x + (n— (1 + p)o)d
0x
X+ (n—0)d+(x —ad)u

<1+ (n—0)d . (X—U5)M)

X X

(o (-2))

Now, let r; denote the natural interest rate. It is given by

=2 (1 k|Gl L (1 - "—5> u) (MEy[ar] — ar).

n X X

Thus, substituting the above into equation (C

1 (1 —0)d )
Ty = mlE[1y41] — %(T mE[m41]) — 3 7) + (1 - %) N) (ay — mEq[a;1])
1— /\ 1—0)d )
= mEt[th] - %(Tt mEt[WHl]) gz <1 + ( ); 7) + <1 - %) N> (mEt[atJrl] —a
= mEi[1] = 5 (= mE[mea]) + 5or
(C9)
= mE[zo] =~ (e — mEdme] — 7).

oo

Equations (C7) and (C9) correspond to the BNKPC and IS curve, respec-
tively.
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D. Interest Rate Rules

The two-equation system under interest rate rule (30) is

(2 Zoumeny) () = (77 0) (2) (i

The inverse of the first matrix is given by

(o B! 0‘1: L (%On—¢ﬂnﬂﬂ —p

m sL(m— ¢mP

Multiplying both sides by the inverse of the matrix

Br BT
and
n(m—¢-mE) 1 _ nut(m—¢=mCB) n(et—ry)
- mpaféo m ut* — : mpBf o + mﬁat
1 0 n(et—ry) _up
B8 oo 87
Therefore

And it follows that

1
1 1 nr(¢xmCE —m)
)=t B T T e

n(m—¢-m°B) 1 nr(m—g¢-mB) 1 n(m—g-m¢
- mpBféo m -k 1 — mpBféo + m mpBféo
: 0 1 0 K 1

%)
=1,

Bf

):

— Uy

det(T") — tr(T) = b (1 —m—p 4+ nk(drmE — m))

m3f oo

det(T') + tr(T') = L (1 +m+ 8 — 5

m3f

1k (¢rm " — m)) _

)

2023
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