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Abstract: This paper explores how the persistence of demand shocks interacts
with monetary policy in New Keynesian frameworks. We identify two key propa-
gation channels: a permanent income channel, which amplifies the effects of per-
sistent shocks, and a real interest rate channel, which goes in the opposite direc-
tion. The balance between these forces depends critically on the aggressiveness
of the central bank’s response to inflation, giving rise to distinct monetary pol-
icy regimes. Under accommodative policies, persistence magnifies the response
of output, while aggressive policies dampen these effects. In the intermediate
regime, a hump-shaped relationship emerges between persistence and the re-
sponse of output. Our analysis extends to medium-scale DSGE models, featur-
ing capital accumulation, household heterogeneity, behavioral frictions, working
capital, nominal wage and price rigidities, revealing that these dynamics are re-
markably robust.
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1. Introduction

Understanding the macroeconomic effects of aggregate shocks and their transmission
mechanisms lies at the core of dynamic macroeconomic analysis. While much of the
literature has focused on identifying the channels through which these shocks operate,
their persistence emerges as a critical factor in shaping their overall impact. This is es-
pecially true in forward-looking rational expectations models, where, provided agents
value the future positively, the persistence of shocks significantly amplifies their effects.

For instance, in Hall’s (1978) partial equilibrium permanent income model with
a constant real interest rate, agents’ willingness to smooth their consumption pro-
file prompt only modest adjustments in consumption following temporary fluctua-
tions in labor income. In contrast, highly persistent or permanent changes lead to
far greater consumption responses. This amplification mechanism is foundational in
modern macroeconomic theory (see, e.g. Lucas, 1976, Sargent, 1978, for similar effects
in other settings) and manifests itself because, in a forward-looking rational expecta-
tions model, agents front-load the expected present value of the future effects of the
shocks. This mechanism operates purely through a permanent income channel, which
is the sole transmission mechanism in the partial equilibrium framework of Hall’s (1978)
model. In a general equilibrium version of the model —one of the backbone of mod-
ern macroeconomics, the real interest rate responds to the shock and ought to coun-
teract the permanent income channel. However, in standard one sector Real Business
Cycle (RBC) models (e.g. Kydland and Prescott, 1982, King et al., 1988, King and Rebelo,
1999), real interest rate adjustments are typically insufficient (see Beaudry and Guay,
1996, Boldrin et al., 2001) to offset the effects of the permanent income channel on con-
sumption decisions, and the result remains robust: greater persistence leads to larger
responses. This conclusion extends to a broader class of models that fail to generate
sufficient volatility in real interest rates.

In the New Keynesian (NK) model (e.g. Woodford, 2003, Gali, 2015), the interplay
between nominal rigidities and an interest rate rule amplifies the volatility of both the
nominal and real interest rates, which ought to curb the relative importance of the per-
manent income channel and therefore alter the positive relationship between persis-
tence and volatility —in particular in face of demand and monetary policy shocks which
play a keyrole in driving fluctuations in these models. Despite the extensive literature on
the NK framework —encompassing the role of nominal rigidities, fiscal and monetary
policy, and exogenous shocks— there remains a gap in understanding how the persis-
tence of shocks shapes short-term economic fluctuations. This oversight is striking given
the critical role of persistence in amplifying or dampening the effects of shocks, whether
they originate from demand, supply, or monetary policy. This paper is an attempt to fill
this gap. More specifically, we ask: How does the persistence of demand shocks —more
particularly those affecting the dynamic IS curve— (DIS shocks) interact with monetary
policy to influence the short run aggregate fluctuations? A key insight from our analysis is
that the relationship between the persistence of demand shocks and their short-run im-
pact on output (hereafter referred to as the output multiplier) is far from straightforward.
It hinges fundamentally —and in a non trivial way— on the aggressiveness of monetary
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policy. Our study provides a useful decomposition to understand the key transmission
mechanisms that mediate the effects of persistence under different monetary regimes.
This framework helps to clarify why persistent shocks do not always lead to amplified
economic effects. It also underscores the importance of tailoring monetary policy to the
nature and persistence of shocks, also offering valuable insights for policymakers.

We start by exploring the link between short-term output fluctuations and shock
persistence within the baseline Representative Agent New Keynesian (RANK) model
(see, e.g. Gali, 2015). A key advantage of this version of the NK model, in its log-linear
formulation, is its purely forward-looking structure, which allows for a straightforward
closed-form solution. This feature makes it possible to analytically examine how the out-
put multiplier responds to the persistence of a demand shock shifting the dynamic IS
equation—a DIS demand shock. Crucially, we show that this relationship is tied to the
stance of monetary policy.

When a demand shock hits the economy, its propagation and impact on output
are shaped by two competing channels. The first, which we call the permanent income
channel, reflects how the net present value of future income flows affects households
consumption and savings decisions. Closely related to the permanent income effect de-
scribed by Hall (1978), this channel amplifies the response of consumption and output
as the persistence of the demand shock increases, holding all else equal. The second
channel, which we call the real interest rate channel, works in the opposite direction. As
inflation rises in response to the shock, the central bank raises nominal interest rates
to maintain price stability, which drives up real interest rates discouraging current con-
sumption. This channel acts through intertemporal substitution motives and gives more
traction to less persistent shocks. The dynamic interplay between these two forces—the
permanent income channel, which amplifies the effects of persistence, and the real in-
terest rate channel, which dampens them—ultimately shapes the impact of the persis-
tence of demand shocks on short-run economic outcomes.

Crucially, we show that, depending on how strongly the central bank reacts to infla-
tion, one of these forces dominates, giving rise to distinct policy regimes. More specifi-
cally, we identify three regimes of monetary policy, each defined by how aggressively the
central bank responds to inflation. In an accommodative regime, in which the central
bank reacts weakly to inflation, the permanent income channel dominates. Persistent
shocks are particularly powerful in this environment because the central bank is not
too aggressive towards inflation, not raising the nominal interest rate, and hence the
real interest rate too forcefully. By doing so, it restrains intertemporal substitution mo-
tives, which leave the permanent income channel dominate. Greater persistence leads
to greater output gains. On the other side of the spectrum, in an aggressive regime, the
central bank responds very strongly to inflation, prioritizing price stability above all else.
The real interest rate channel dominates completely, overshadowing the permanent in-
come channel. Persistent shocks, which might otherwise have stimulated the economy,
are counteracted by the higher real interest rates. The output multiplier decreases with
the degree of persistence of demand shocks. Importantly, when monetary policy lies
in an intermediate regime, the relationship between persistence and output becomes
more complex. At first, the permanent income channel remains strong, and the effects
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of persistence on output continue to grow. However, as persistence increases further, the
real interest rate channel starts to counteract the permanent income channel. We then
characterize a degree of persistence, which we call the p-max, above which the output
multiplier starts to decline. In other words, in this intermediate regime, the relationship
between the persistence of demand shocks and the output multiplier exhibits a hump-
shaped pattern. This regime captures the delicate balance between the two channels
and highlights the non-linear nature of persistence effects.

We then show that these findings extend to other settings. They straightforwardly
extend to monetary policy shocks, for the same reasons, as they play a similar role to
DIS demand shock in the baseline NK model. To some extent, they also carry to sup-
ply shocks, but, while demand shocks generate a hump-shaped relationship between
persistence and the output multiplier, the hump-shaped pattern shows up in the infla-
tion multiplier. Likewise, they also extend to other monetary policy rules, reacting to
both current inflation and the output gap, or their forecasts. Importantly, we show that
the presence of the hump in the intermediate regime does not hinge on specific micro-
foundations. In particular, we set up a general, though still analytically tractable, model
emcompassing models featuring, among others, heterogeneous agents, behavioral fric-
tions and cognitive biases, life cycle dynamics, financial frictions, preference for wealth.
We then show that our main result remains valid in all these versions and is actually a
generic feature of the NK model.

We finally assess the quantitative relevance of our analytical results by evaluat-
ing their robustness within a medium-scale Dynamic Stochastic General Equilibrium
(DSGE) model featuring capital accumulation.! The model relaxes some of the strict
assumptions of the purely forward-looking baseline framework by incorporating addi-
tional propagation mechanisms widely used in the literature. More precisely, the model
builds on Christiano et al. (2005), Gabaix (2020) and Bilbiie et al. (2022), thereby cre-
ating a rich framework that includes heterogeneous households, working capital, in-
troducing a monetary cost channel in the New Keynesian Phillips Curve (NKPC), both
price and wage nominal rigidities. Importantly, it incorporates cognitive discounting,
where households and firms form expectations imperfectly, introducing discounting
into the dynamic IS equation and the NKPC. Our main findings highlight the robustness
of the hump-shaped relationship between the persistence of the demand shock and the
output multiplier observed in simpler models. The introduction of backward-looking
components—such as capital accumulation, price and wage indexation, and working
capital—does not overturn the analytical predictions but instead refines them. Specif-
ically, the findings show that under accommodative monetary policy, the permanent
income channel dominates, amplifying the effects of persistence. Conversely, under ag-
gressive policy stances, the real interest rate channel becomes the primary force, sup-
pressing the output response as persistence increases. The intermediate regime, where
both channels interact more equally, gives rise to a hump-shaped relationship between
persistence and output, reinforcing the non-linear dynamics suggested by the theory.

1Rupert and Sustek (2019) insist on the importance of capital accumulation for some key properties of
the NK model, as, compared to Gali’s (2015) textbook three-equation NK model, it introduces a disconnect
between consumption and output.



Our results highlight the critical role of structural features, such as nominal rigidities
and behavioral frictions, in shaping these dynamics. It emphasizes the importance of
understanding these mechanisms for crafting effective monetary policy in economies
facing persistent demand shocks.

Related Literature: This paper contributes to the extensive literature that studies the
transmission of demand shocks in New Keynesian models. We relate foremost to four
strands of the literature.

First, our theoretical analysis is rooted in the canonical RANK framework of Wood-
ford (2003) and Gali (2015). However, our insights apply to a larger class of tractable New
Keynesian models that extend the RANK model by incorporating household heterogene-
ity through cyclical income inequality (Bilbiie, 2008, Broer et al., 2020, Bilbiie, 2020, Can-
tore and Freund, 2021, Debortoli and Gali, 2024) or cyclical income risk (Werning, 2015,
Acharya and Dogra, 2020, Ravn and Sterk, 2020, Bilbiie, Forthcoming), a departure from
the full information rational expectation assumption (Angeletos and Lian, 2018, Farhi
and Werning, 2019, Gabaix, 2020, Pfauti and Seyrich, 2023, Meichtry, 2023, Gallegos,
2024), wealth in the utility and preferences over liquidity (Campbell et al., 2017, Michail-
lat and Saez, 2021), life cycle dynamics through a Blanchard-Yaari perpetual youth struc-
ture (Del Negro et al., 2023), household debt and default premia (Beaudry and Portier,
2018), or a marginal cost channel of monetary policy (Ravenna and Walsh, 2006, Surico,
2008, Beaudry et al., 2024). To the extent that tractable heterogeneous agent NK mod-
els (THANK) models are capable of approximating the dynamics of more quantitative
incomplete market models, our results also extend to these environments (see, among
many others, McKay et al. (2016), Kaplan et al. (2018), Auclert (2019), Bayer et al. (2019),
Hagedorn et al. (2019a,b), Auclert and Rognlie (2018)).

Second, our decomposition of the propagation of demand shocks into a permanent
income channel and a real interest rate channel connects to a strand of the literature
questioning whether the transmission mechanisms in NK models genuinely operate
through the real interest rate channel. Some argue that observed consistency between
output and real interest rate responses could be a result of specific parameterizations
rather than structural properties (Barsky et al., 2007, Rupert and Sustek, 2019, Brault
and Khan, 2022). Relative to this literature, we show that the real interest rate channel
is indeed present in a wide class of NK models, but its sign and strength are heavily
influenced by the interaction between monetary policy and the persistence of shocks.

Third, our quantitative analysis is based on a medium-scale DSGE model that builds
upon Christiano et al. (2005), Gali et al. (2007) and Bilbiie et al. (2022). This model in-
corporates essential features identified in the literature as critical for shaping monetary
policy transmission, such as those highlighted in Christiano et al. (2005) and Smets and
Wouters (2003, 2007). By using both sticky prices and sticky wages, our framework also
relates to Colciago (2011) and Ascari et al. (2017), which extend Erceg et al. (2000) to
model sticky wages in the context of heterogeneous households and limited asset mar-
ket participation.

Finally, we contribute to the growing body of research examining how systematic
monetary policy affects the propagation of macroeconomic shocks (Barnichon and
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Mesters, 2023, McKay and Wolf, 2023, Hack et al., 2024). Unlike these empirical stud-
ies, though, we adopt both a theoretical and quantitative perspective, focusing on the
role of time-invariant monetary policy in shaping macroeconomic dynamics.

Paper Outline: The paper proceeds as follows. Section 2 provides analytical insights
from the Representative Agent New Keynesian model and lays out our main result in
this simple framework. Section 3 offers a discussion of the results, showing how they ex-
tend to other shocks and qualifying further the role of monetary policy. This section also
discusses how our results extend to a more general New Keynesian framework. Section 4
offers a quantitative analysis and further decomposes the role of various standard mech-
anisms for the results. A last section concludes. For expositional purposes, all proofs and
additional insights are reported in the online appendix to this paper.

2. Demand Shock Persistence in the RANK Model

In this section, we examine the macroeconomic effects of an expansionary demand
shock using the textbook three-equation New Keynesian model. We show that the per-
sistence of demand shocks influences the response of output —the output multiplier—
through two key propagation channels. The first is a permanent income channel, which
amplifies the multiplier and strengthens as persistence increases. The second is a real
interest rate channel, which dampens the multiplier and increases in magnitude as per-
sistence rises. We identify three monetary policy regimes that navigate this trade-off
and derive, in closed form, a persistence threshold that maximizes the short-run output
stimulus as a weighted combination of both channels.

2.1 The Economic Environment

Consider the standard discrete time sticky price RANK economy (see e.g. Woodford,
2003, Gali, 2015), whose equilibrium dynamics are summarized by the following four
(log-)linear equations

ye =B [ye1] — (¢ — B¢ [mga] = 7) + & ey
me = BE¢ [meg1] + Kyye 2)
it =T+ QT , 3)
§e=p&t—1+eey, (4)

where y, 7 and 7 denote respectively output, the inflation rate and the nominal interest
rate. ¢ is a demand shock. E,[] is the expectation operator conditional on the informa-
tion set available at period ¢.

Equation (1) specifies the dynamic IS equation (DIS) and captures intertemporal
consumption-saving decisions, that fundamentally depend on the real interest rate gap
ry — 7 =iy — By[my11] — 7, where 7 > 0 is the natural rate of interest.” Equation (2) defines

2Implicit in this specification is that household’s preferences are represented by a time-separable loga-
rithmic utility function and output is used for consumption purposes only. In the absence of technology
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the New Keynesian Phillips Curve (NKPC), which describes the price-setting behavior
of intermediary firms. The sensitivity of current inflation to expected future inflation is
governed by the discount factor 5 € (0,1), while a marginal cost channel links current
inflation to output via x, > 0. The exact micro-foundations of the NKPC are immate-
rial for our main results, although, in some instances, we will find it convenient to refer
explicitly to specific micro-foundations (e.g. Rotemberg, 1982, Calvo, 1983) to put per-
spective on some results.? Equation (3) describes the behavior of a Central Bank, which
follows a simple interest rate rule a la Taylor (1993) and adjusts the nominal interest rate
to stabilize current inflation. Importantly, the equilibrium path of the economy is locally
determinate if the Taylor principle applies, i.e., ¢ > 1. Finally, Equation (4) specifies the
stochastic process for the exogenous DIS-demand shock &, modeled as an autoregressive
process of order one, AR(1), with a positive auto-correlation coefficient p € [0,1).*

The following proposition reports the solution of the model at the rational expecta-
tions equilibrium.

PROPOSITION 1. Under the Taylor principle (¢ > 1), the locally determinate solution of
the model writes

yr = My(p)se, m=Mz(p)ss, de=7+M;i(p)ss, and ri=7+ My (p)&,
where My (p), Mx(p), M;(p) and M,.(p) are given by

— 1—Pp B Ky
M) = T8+ Gn oy~ MO S AT B0+ Gr — o
Mi(p) = Onty >0, Mqr(p)= (¢r — p)ry >0.

(1=p)(1 = Bp) + (px — p)ry

The impact multipliers M, (p), for = € {y,n,i,r}, are such that the proposed deci-
sion rules solve system (1)-(3). In the sequel, particular attention will be devoted to the
behavior of the output multiplier, M, (p) —the impact effect of a DIS-demand shock on
output— as the degree of persistence of the shock, p, varies.

(1—=p)(1 = Bp) + (px — p)ry

2.2 Main Results

It is widely understood that, in rational expectations forward-looking models, more per-
sistent shocks have larger effects on macroeconomic outcomes, particularly output.

shocks, the natural rate, 7, is equal to the discount rate 7 = —In 8 > 0, where 3 € (0, 1) is the household’s
discount factor.

3In the case of state contingent pricing & la Rotemberg (1982), and assuming quadratic price adjustment
COStS, Ky = 5;1 if—ﬁ where ¢ > 0 is the inverse Frisch labor supply elasticity, o € [0,1) is the degree of
decreasing returns to scale, € > 1 is the demand elasticity and ¢ > 0 is the price adjustment cost parameter
controlling for the degree of price stickiness. In the case of time dependent pricing a la Calvo (1983), ky =
@w where @ = 1= (1 + %) and 6 € (0, 1) is the probability of not resetting the priceina

1—a+ae
given period. The key difference for our results is the role played by § in determining the slope of the NKPC.
4A rationale for this shock can be found in Fisher (2015). An alternative is to follow Smets and Wouters
(2007) who interpret e~ &t R; as the effective nominal return on bonds, resulting in a nominal bond pre-
mium of (e~ét — 1)R; or a real bond premium of (e =%t — 1) Ry /w11, where In R; = i;. In that case, & is

referred to as a bond premium shock.




This occurs because agents front-load their reactions based on the expected discounted
future effects of the shock, with greater persistence increasing its present value and trig-
gering a stronger response. However, the following proposition shows that, even in this
baseline model, this relationship may break down depending on the extent to which
monetary authorities respond to inflation.

PROPOSITION 2. Consider a forward-looking and upward-sloped NKPC, i.e., § > 0 and
ky > 0. There exist two cut-off values, ¢ _and ¢.., of the central bank’s degree of reaction
to the inflation gap

6, =87 (1+(1=Pxy") and $,=p7" (1+r,"), where ¢,>¢ >1,
such that the impact multiplier of output to a DIS-demand shock satisfies:
@ Ifor <¢_, M, increases monotonously in p.

(b) Ife_< ¢ < ¢, My is hump-shaped in p, i.e.,

Jp*=p""1 (1 —4/(pzB—1) Iﬁ:y> such that My, (p) z 0ifp ; "
© Ifor> Qﬂ, M, decreases monotonously in p.

Proposition 2 identifies three regimes arising from the interaction between mone-
tary policy —the Taylor rule— and a persistent discretionary DIS-demand shock. Part
(a) of the proposition shows that under a sufficiently accommodative monetary policy
— e.g, o= < ¢ _— increasing the persistence of the DIS-demand shock unambiguously
amplifies the impact response of output. In contrast, Part (c) demonstrates that when
the central bank is sufficiently aggressive towards inflation — e.g.,, ¢, > ¢, — greater
persistence unambiguously dampens the response of output. In the intermediate case,
where ¢ < ¢r < ¢, anincrease in persistence initially amplifies output before reducing
it beyond a threshold p*. Hence, contrary to the common wisdom, beyond a given per-
sistence level, p*, increasing persistence reduces the impact effect of a demand shock.
Herealfter, to ease exposition, we will dub this threshold level of persistence the p-max.

Figures 1 and 2 provide a numerical illustration of Proposition 2. For illustrative pur-
poses, we set 5 =0.99, x, = 0.15 and use, following Taylor (1993), a degree of aggressive-
ness with respect to the inflation gap of ¢, = 1.5. Given these numbers, the two policy
thresholds, ¢ _and ¢, take the values ¢ =1.011 and ¢, = 7.744, implying that the Tay-
lor rule coefficient lies in the middle regime.

Figure 1 reports the relationship between the output impact multiplier and the per-
sistence of the DIS-demand shock. In line with the common wisdom, the more persis-
tent the shock, the larger the response of output on impact for levels of persistence be-
low p* = 0.737. Above this value, the impact multiplier decreases with the level of per-
sistence. Interestingly, the impact response of output for a white noise shock is larger,
M, (0) = 0.2, than for a random walk shock, M, (1) =0.03.°

5See Section 3.1 for a more detailed analysis of this result.
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FIGURE 1. Impact Output Multiplier and Persistence
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FIGURE 2. Impact Multipliers and Persistence
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Figure 2 reports the impact effect of a positive 25 basis points DIS-demand shock
on output, the inflation rate, the nominal and real interest rate as the persistence of the
shock is varied. To illustrate the three regimes from Proposition 2, beyond the bench-
mark case ¢, = 1.5, we also consider the cases ¢, = 1.01 and ¢, = 7.75. The latter two
values lie, respectively, below and above the thresholds Qﬂ and aﬂ, implying that, as
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stated in Proposition 2, the output multiplier is strictly increasing for ¢, = 1.01 and
strictly decreasing for ¢, = 7.75. The hump-shaped pattern we find on output is not
present for the inflation rate, and the interest rates. In fact, the annualized responses of
inflation and the nominal interest strongly increases in p when output monotonously
increases.

What are the driving forces at play in this result? The hump-shaped behavior of the
short-run output multiplier is the outcome of two competing forces: (i) a permanent
income (PI) channel increasing the multiplier as the persistence of the shock rises and
(ii) a real interest rate (RIR) channel that plays in the opposite direction. To see this more
clearly, it is useful to consider the dynamic IS equation (1) at the general equilibrium
solution to get:

My(p) = pMy(p) = My (p) +1.
Rearranging term, we obtain:

1 M(p)
1—p 1—0p

= My(p) = My(p) - (5)
~—— ——
PIChannel RIR Channel

The PI channel, M, (p) = 1/(1 — p), captures the expected discounted impact of the de-
mand shock on agent’s income. This is similar to the permanent income effect of a shock
in the standard Hall’s (1978) consumption-savings model, assuming a constant real in-
terest rate. Therefore, it encapsulates the partial equilibrium effects of the shock. As such
it is totally independent from monetary policy aspects and nominal rigidities, and, as
in the standard permanent income model, is strictly increasing in the degree of persis-
tence, i.e., ﬂ;(p) > 0.

The RIR channel, M,.(p) = M,.(p)/(1 — p), captures the expected discounted sum of
the reaction of the real interest rate to the shock. This term is fundamentally determined
by the interplay between persistence, monetary policy and the degree of nominal rigidi-
ties. As such, it encapsulates all the general equilibrium effects of the shock. To the ex-
tent that M,.(p) increases with the degree of persistence, p, the RIR channel plays in the
opposite direction to the PI channel. Proposition 3 confirms that, as soon as the Taylor
principle holds in this economy, this condition is met in the baseline RANK economy.

PROPOSITION 3. The real interest rate increases monotonously in the persistence of a DIS-
demand shock, i.e., M..(p) > 0, if and only if the Taylor principle holds.

In light of Proposition 3, the rationale behind the three regimes can be explained as
follows. A higher persistence, on the one hand, increases the real interest rate multiplier,
thereby reducing output, ceteris paribus. On the other hand, higher persistence raises
the expected present value of future income, ceteris paribus, prompting an even larger
increase in current consumption, and therefore output, due to the forward-looking be-
havior of agents. When monetary policy is not too aggressive (¢ < ¢ ), the weak re-
sponse of the nominal interest to the increase in the inflation rate mitigates the RIR
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channel, allowing the PI channel to dominate. As a result, the output multiplier in-
creases with persistence. In contrast, when monetary policy aggressively targets infla-
tion (¢ > ¢..), the stronger response of the nominal interest rate amplifies the RIR chan-
nel, causing it to outweigh the PI channel. Consequently, the output multiplier decreases
as persistence rises. In the intermediate regime, both forces interact, giving rise to the
hump-shaped pattern. At low persistence levels, the PI channel dominates, whereas the
RIR channel becomes the dominant force at high persistence levels.

To better understand the role of the NKPC structure in shaping the real interest rate
response and monetary policy regimes, it is useful to consider two extreme cases. First, if
prices are fully 1rigid,6 the NKPC is flat (k, = 0), resulting in an impact output multiplier
of M, =1/(1 — p) and a real interest rate multiplier of M, = 0. In this case, only the PI
channel is active, and the output impact multiplier increases monotonically with shock
persistence:

TEp
Second, consider the extreme case of a static NKPC (7; = 4¥;), the output impact mul-
tiplier reduces to My = [1 — p+ (¢ — /))/<;y]_1 and the real interest rate multiplier to
My = (pr — p)Ey [l —p+ (or — p)ny]_l. In this case, it is easy to check that persistence
increases both channels, but the PI channel remains dominant, ensuring monotonicity
as seen from the decomposition:

1 (L= ptryldr —0)* = (L4 ry)(1 = p)? L
M Y Y v >0.
AT (L= 2= ptryon—p)® Ot
——
My (p)>0 M, (p)>0

In the baseline model, the interplay between the PI and RIR explains the thresholds
in persistence. Parameters such as «, and ¢ reinforce the RIR channel, lowering regime
thresholds and p-max. A higher discount factor, g, increases the sensitivity of current to
future inflation, thus strengthening the real interest rate channel but, in the Calvo (1983)
case, lowers the slope of the NKPC, r,, thus weakening the RIR channel. This creates
a trade-off that impacts regime thresholds and persistence cutoffs depending on the
initial NKPC slope.

How prevalent is the hump-shaped regime? This can be simply measured by the size
of the intermediate regime, A, = ¢, — ¢ = n_l (2 — ), which depends fundamentally
on the discount factor, 3, and the slope of the NKPC ky, that is inversely related to the
degree of price stickiness.

COROLLARY 1. The size of the hump-shaped region, A, satisfies the following compara-
tive statics:

0A L 2—
8I-€y /{y

1.

6This obtains when 6 = 1 in Calvo (1983), or 1 — 4o0 in Rotemberg (1982).
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The first part of Corollary 1 indicates that a flatter NKPC - identically greater
price stickiness — makes the intermediate monetary policy regime unambiguously more
prevalent. The second part of the corollary calls for more discussion. Let us first con-
sider state dependent pricing a la Rotemberg (1982), in this case the slope of the NKPC
is independent from /3 and 9k, /08 = 0. Accordingly, the size of the intermediate region
decreases with the discount factor. The Calvo (1983) case is slightly more intricate as the
slope of the NKPC depends, negatively, on the discount factor. Using the specification
laid out in footnote 3, we have

0AL 1-—-26

9B ky(1-p0)

Hence the intermediate region widens with the discount factor when prices are suffi-
ciently sticky.

0 if 6

VIA
VIA

1
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3. Discussion and Extensions

This section provides a broader perspective on our main findings. First, we emphasize
their connection to the demand-side nature of the shocks. Specifically, we examine the
dynamics that arise in response to monetary policy shocks and supply shocks. Addi-
tionally, this section qualifies the extent to which these results depend on the type of
monetary policy rule adopted by the central bank. Finally, it shows how these insights
extend to a broader class of New Keynesian models.

3.1 Shocks

So far, our main focus has been placed on DIS-demand shocks. This section investigates
the extent with which our results extend to other usual shocks in the literature.

3.1.1 Monetary Policy Shocks: All preceding results naturally extend to the case of a
standard monetary policy shock —a shock to the Taylor rule. We opt to focus on the
DIS-demand shock for the sake of clarity of the exposition only. The output and infla-
tion multipliers associated with monetary policy shocks are identical to those obtained
with the DIS-demand shock. They however differ for the interest rates. In New Keyne-
sian models, the nominal interest rate increases on impact if the persistence of the ex-
pansionary monetary policy shock is sufficiently high. However, our findings regarding
monetary regimes and the p-max are independent of this observation, as they are driven
by the response of the real interest rate, not the response of the nominal interest rate.
This distinction is critical because the p-max can differ from the threshold at which the
nominal interest rate response changes sign. By contrast, the DIS-demand shock avoids
this issue entirely: the nominal interest rate increases monotonically with persistence
and does not reverse its sign. Consequently, the DIS-demand shock provides a cleaner
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framework to analyze the opposing roles of the PI and RIR channels, even though de-
composition (5) applies in essentially the same way.

Monetary policy shocks, interpreted as discretionary deviation from the rule, are
useful to consider though as they help to put perspective on some policy implications of
our results. The results of Proposition 2 indeed indicate that a central bank with the dual
mandate of stabilizing both inflation and output, will face no trade-off when it relies on
discretionary interventions that are weakly persistent (M;, > 0 and M7 > 0 for p < p*).
In contrast, when it relies on highly persistent discretionary interventions (p > p*), a
trade-off emerges between stabilizing output and inflation (M;, < 0 and M7 > 0). The
next proposition strengthens this result.

PROPOSITION 4. If ¢ > B~ (1+ (1= B)ry ') > ¢_, the impact output multiplier to a
monetary policy shock satisfies 111% My(p) > 1im1 My(p).
p— p—

This proposition shows that when the central bank adopts a sufficiently aggressive
policy against inflation, output reacts more strongly to a purely transient shock than to a
permanent one. In contrast, inflation’s response increases consistently with the persis-
tence of the shock. In this context, a central bank aiming to implement a negative dis-
cretionary intervention to stabilize inflation while limiting the impact on output would
benefit more from choosing a permanent intervention rather than a purely transient
one.

3.1.2 Cost-Push Shocks: We now consider a version of the model (1)-(4) in which we
replace the DIS-demand shock with a cost-push shock

ye =Bt [ye1] = (ie — Be [mega] = 7) (6)
iy = BE¢ [T 1] + kyye + vt (7
it =T+ ¢nmt, (8)
Ve =pult—1tEeut, 9

where 1, is a cost-push shock with corresponding AR(1) persistence p, € [0,1). In that
case, the following proposition obtains.

PROPOSITION 5. Under the Taylor principle, the impact multipliers of output, My(p,),
and inflation, M (p,) to a cost-push shock are given by

_ —(¢x—pv) _ 1—py
My(ov) = Ty T o+ (Grmpirg © - W Ma(Pv) = G5 5050 5 =)y

We have:
(@) The output impact multiplier, M, (p, ), decreases monotonically with p,, .
(b) The inflation impact multiplier, M (p, ), satisfies:
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(b.1) Ifl<o¢r <1+ K%, M (py) is humped-shaped in p,, i.e.

”y(¢7r —1)

Jpr=1-—
P 8

such that M’ (p,)) Z 0 for p, < p},.

(b.2) Ifpr > 1+ K%, M (p,) decreases monotonically in p,,.

The first statement of Proposition 5 establishes that, unlike the DIS-demand shock,
a cost-push shock does not lead to the emergence of three monetary policy regimes or
a hump-shaped relationship between shock persistence and the output impact mul-
tiplier. Instead, the output impact multiplier decreases monotonically with the per-
sistence of the shock. The focus shifts to the inflation impact multiplier, where non-
monotonic behavior arises. A decomposition similar to (5) applied on the NKPC helps
shedding light on the forces at work. Evaluating the NKPC at the general equilibrium
yields:

Mz (py) = Bpp Mx(py) + ’iny(Pu) +1.
Rearranging the term, we get

1 + "‘?yMy(pu)
1-8py  1-PBpy
—_— —, —

PE GE

Mz (pv) =

As with a DIS-demand shock, monetary policy balances two opposing channels. The
first pertains to a partial equilibrium (PE) effect, which corresponds to the present value
of future expected effects of the cost-push shock assuming a constant marginal cost.
Hence, the more persistent the shock, the larger the effect of the shock on inflation.
The second component, GE, corresponds to the present value of future expected ef-
fects of the cost-push shock encapsulating all the general equilibrium effects affecting
the marginal cost. A positive cost-push shock puts upward pressure on prices, which
depresses demand —as witnessed by the presence of the output multiplier in the GE
term— production and hence the labor demand. This puts downward pressure on wages
and so on the marginal cost. Accordingly, this GE effect goes in the opposite direction to
the PE effect, creating the hump-shaped relationship between persistence and the re-
sponse of inflation. When monetary policy becomes extremely aggressive, the central
bank is hiking the interest to such an extent that the recession it triggers makes the GE
effect fully dominate the determination of the inflation multiplier.

3.1.3 Technology Shocks: We now consider a version of the model (1)-(4) in which we
replace the DIS-demand shock with a technology shock

Ut = Bt [Yer1] — (it — By [mea] — 1), (10)
mt = BE¢ [T 1] + Ky Tt (11)
It =7+ prme, (12)
at = Paat—1+E€ayt , (13)

13



where 7 = y; — y* denotes the output gap between actual output y; and the level of
output, y;, attained in the flexible price allocation. Moreover, r* = 7 + E; [Aa;+1] de-
notes the natural interest rate, where a; is a technology shock with corresponding AR(1)
persistence p,, € [0,1). In that case, the following proposition obtains.

PROPOSITION 6. Under the Taylor principle, the impact multipliers of output, My(pa),
and inflation, M (p,) to a technology shock are given by

_ Ky (Pr—pa) _ —ky(1—pa)
My(pa) = Tgp0=pur iy rpa) T Vv @1 Malpa) = Tpp 0 py ey Br ) °

where 9, is a constant collecting terms independent of p,. We have:
(@) The output impact multiplier, My (pa), increases monotonically with p,,.
(b) The inflation impact multiplier, M (pa), satisfies:

(b.1) Ifl<¢r<1+ K%, M (pg) is U-shaped in p,, i.e.

Elp*zl— “y((bw_l)

= 5 such that M, (pa) = 0 for pa = pj;.

(b.2) Ifpr > 1+ K%, M (pq) increases monotonically in p,.

The first statement of Proposition 6 establishes that, unlike the DIS-demand shock,
a technology shock does not lead to the emergence of three monetary policy regimes
or a hump-shaped relationship between shock persistence and the output impact mul-
tiplier. Instead, the output impact multiplier increases monotonically with the persis-
tence of the shock. The focus shifts again to the inflation impact multiplier, where non-
monotonic behavior arises. As with a DIS-demand shock, monetary policy balances two
opposing channels. A positive technology shock reduces the output gap, lowering in-
flation. Since the output gap exhibits similar comparative statics to output in response
to shock persistence, the output gap channel increases inflation with persistence. Con-
versely, with forward-looking inflation (5 > 0), a more persistent technology shock am-
plifies the drop in inflation via an inflation expectation channel. If monetary authorities
adopt a moderately aggressive stance toward inflation (Part b.1 of the proposition), a
U-shaped relationship in the inflation impact multiplier emerges. However, under suf-
ficiently aggressive policy (Part b.2 of the proposition), the inflation expectation chan-
nel weakens, and inflation increases monotonically with shock persistence, driven by
stronger feedback effects on the output gap.

3.2 The Role of Monetary Policy

The previous section highlighted the interaction between a simple monetary policy
rule involving solely the objective of inflation stabilization and the persistence of DIS-
demand shocks in shaping their impact effect on output dynamics. This section consid-
ers rules that extend the benchmark monetary policy rule along three dimensions. First,
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we jointly allow for inflation and output feedback. Second, we study forward-looking
rules. Third, we consider a real interest rate rule. Proposition 7 summarizes our findings
in the case of ¢ > 1.7

PROPOSITION 7. Under the Taylor principle, the following results apply:

(a) Assume the monetary authorities react to both the current inflation rate and the
current output gap, i.e. iy =T + ¢rmt + ¢yy:. Then, Proposition 2 continues to hold
identically.

(b) Assume the monetary authorities react to the one-step ahead expected inflation and
output gap, i.e. iy =7 + ¢y [mi11] + ¢y Bt [ye41], with ¢ > 1.8

* If 0 < ¢y < min{l,2 — ‘1’17:,81 ky}, there exist two regime thresholds given by
o =1+ (1—-0,)1 - )%k, " and ¢, =1+ (1 — ¢,)x, " such that the rela-
tionship between the output impact multiplier and the degree of persistence
p (D) is increasing if o= < ¢_, (ii) is decreasing if ¢ > ¢.., and (iii) displays a

hump-shaped pattern if ¢ < ¢r < ¢... In this latter case, the p-max is given by
p*:ﬁil (1— ?Z;;I{y>

* If1<¢, <min{l+ 5712~ ‘z’ﬂ_ﬁl ky}, only the upper regime survives and the
output multiplier decreases monotonically with p.

(c) Assume the monetary authorities follow a real interest rate rule, i.e. iy = ry +
E¢ [r¢+1], where r = 7. Then, only the lower monetary policy regime survives and
the output impact multiplier increases monotonically with p.

Part (a) of Proposition 7 shows that when monetary authorities stabilize current
inflation, output stabilization concerns do not alter the monetary policy thresholds
(Qﬂ , 5,,) or the p—max (p*), as established in Proposition 2. This obtains from the fact that
¢y > 0 affects symmetrically the PI and the RIR channels in the DIS equation. However,
increasing ¢, reduces the impact multipliers of output and inflation.

In contrast, Part (b) reveals that when monetary policy reacts to one-step-ahead ex-
pectations of inflation and the output gap, with ¢, > 1, output stabilization plays a sig-
nificant role in determining how persistence shapes the short-run output response to
a DIS-demand shock. Three monetary policy regimes still obtain as long as the cen-
tral bank’s output gap response remains moderate, i.e., 0 < ¢, < min{1,2 — %ny}.
Within the hump-shaped regime, the p-max decreases with ¢, as stronger output sta-
bilization weakens the PI channel. When ¢, becomes sufficiently large, i.e. 1 < ¢, <

"The assumption ¢, > 1 is made only for expositional purposes, to guarantee the local determinacy of
the equilibrium and to ease comparison with the results of Proposition 2. However, in the case of a forward-
looking rule, determinacy can also occur with ¢ < 1 and Section A.1 in the online appendix offers a full
statement of the proposition, allowing for ¢, < 1.

8See Proposition 4 in Bullard and Mitra (2002) for a discussion of local determinacy of the equilibrium
path for this particular rule.
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min{l + 71,2 — 451’3;61 ky}, the hump-shaped regime disappears and output declines
monotonically with p. In this case, the RIR channel dominates strictly the PI channel.

Finally, Part (c) emphasizes the critical role of the RIR channel in moderating the
trade-off between the PI and RIR channels. When the central bank controls the real in-
terest rate directly — holding it constant as in Hall’s (1978) model - this trade-off vanishes.
Consequently, the impact of a DIS-demand shock on output increases monotonically
with p, as only the PI channel remains active.’

Recently, robust real rate rules (see Holden, 2024) of the form i; = r; + ¢rm¢, with
¢r > 1, have gained attention. These rules are particularly compelling because they re-
main robust to key features of modern monetary theory, such as household heterogene-
ity or departure from strict rationality, while ensuring equilibrium stability. This robust-
ness arises because inflation dynamics obtain from the monetary policy rule and the
Fisher equation rather than the dynamic IS equation. In other words, this class of rules
effectively eliminates both the PI and RIR channels. As a result, they represent an ex-
treme case compared to the dynamics discussed in Proposition 7, bypassing the tension
between these two channels.'’

This observation highlights that our conclusions regarding the hump-shaped behav-
ior of persistent DIS shocks depend fundamentally on how simple policy rules balance
the PI and RIR channels. Specifically, under robust real rate rules, DIS demand shocks
are entirely absorbed by adjustments in the nominal interest rate, leaving output and
inflation completely unaffected. Conversely, loose monetary policy shocks result in ex-
pansions of both output and inflation. Interestingly, the output response to such shocks
is non-monotonic in persistence, depending on whether ¢, is greater or less than the
inverse of the sensitivity of current to expected inflation within the NKPC.

3.3 A General New Keynesian Model

In this section, we extend the analytical results of the previous section to a more gen-
eral tractable model and show that the insights related to the three output regimes of
monetary policy carry over to a larger class of New Keynesian models.

3.3.1 A General Tractable Framework In Section 2, we outlined the trade-offs inherent
to the parsimonious benchmark RANK economy. Here, we extend the analysis to a more
general, although tractable, formulation of the NK model:!!

Yt = CrEe [yer1] — G (g — B [meq1] — 7) + & (14)
Tt = B [me41] + Kyt (15)

9This result also applies for rules of the form iy = 7 + Ey [m1] + ¢4y, where the sign of output feedback
parameter (¢) captures the cyclicality of the real interest rate (see Angeletos et al., 2024a,b).

10In a related vein, Rupert and Sustek (2019) question whether monetary policy shocks propagate via the
RIR channel in a broad class of New Keynesian models with physical capital. Compared to their analysis,
our findings emphasize that the presence of a RIR channel critically hinges on the feedback rule adopted
by the central bank.

U The online appendix considers an even more general version of the model in which we introduce a
cost channel of monetary policy in the NKPC.
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it =T+ Qpm + Gyt , (16)
§t=pSt—1 tect - (17)

This representation differs from the benchmark logarithmic RANK model in several
ways. First, we introduce two new parameters within the DIS equation (14), (f and ¢;.
The parameter (¢ > 0 denotes the elasticity of current aggregate demand to expected
income. We refer to a compounded DIS equation in the case of (y > 1, whereas we re-
fer to a discounted DIS equation in the case of (y < 1. The parameter ¢, > 0 denotes
the elasticity of aggregate demand to the real interest rate, which depends in practice,
among others, on the elasticity of intertemporal substitution (EIS). Second, we alter the
NKPC equation (15) by allowing the elasticity of current inflation to future inflation, i.e.,
By €10,1), to differ from the discount factor 3. Importantly, this representation nests
the benchmark RANK model with logarithmic preferences from Section 2 if (y = ¢, =1,
Bf=pand ¢y = 0.'2. Importantly, in Section 3.3.2 we will discuss how many extensions
of the baseline RANK economy admit a representation of the form (14)-(17) in terms of
deep structural parameters for (¢, (., 87, 1y ). In this sense, we consider the former pa-
rameters as sufficient statistics, i.e., their exact structural composition is irrelevant for
the derivation of the following analytical results.

Throughout this section, we will assume 3; € (0,1) and &, > 0, which amounts to
impose a forward-looking behavior of the NKPC and ensures it is upward slopping. The
following proposition follows.

PROPOSITION 8. Under local determinacy, i.e.

(1 _Bf)(gf -1 _Cr¢y) Cfﬂf -1 _Cr(by)

Cr Ry ’ Cr Ry

Or > 25 = max (1 +
the solution of the model takes the form

Yt :My(p>§t7 Tt :Mﬂ'(p)gh it :77—5‘./\/11(9)&7 and Tt :f—‘er(p)gt 5

where My, M, M; and M, are given by:

My(p)= 2512 20 and Ma(p) =2 >0,
Ff FE
Mi(p) = Ortiy +0y(1 = Br) >0, and M,(p)= (@r — p)ry + ¢y (1 — Byp) 20,

Le Le

withl'e = (1= Bp)(1—=pls+Crdy) + (ox — p)Crkiy. Finally, the sign of M,.(p) is determined
by dr Z p— ¢y (1 — Brp)/kiy.

1275 general as it is, this version does not introduce additional sources of endogenous persistence like
capital accumulation, price indexation or interest rate smoothing. Doing so would expand the state space
and would considerably complicates the analytics without adding substantial analytical insights. We will
consider such extensions in our quantitative exercise of Section 4.
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In the lines of Bilbiie (Forthcoming) for a tractable HANK model and Gabaix (2020)
for a behavioral version of the RANK model, Proposition 8 first extends the Taylor prin-
ciple to environments featuring a compounded or discounted DIS equation and/or a
behavioral NKPC.'? Specifically, in the presence of a discounted DIS equation ((f < 1),
determinacy does not necessarily require the Taylor principle to hold—i.e. local de-
terminacy can obtain under gz~5 < 1.4 Conversely, in the case of compounding (¢y > 1),
the Taylor principle is reinforced, as ¢ > 1. The proposition then establishes that, pro-
vided the equilibrium is locally determinate, a positive DIS shock generates a demand-
driven boom (M, > 0 and M > 0), that commands an increase in the nominal interest
rate. The real interest rate necessarily rises with the shock when the DIS equation is ei-
ther standard ((y = 1) or exhibits compounding ({¢ > 1) since in those cases we have
br > 5 > 1> p—¢y(1— Bsp)/ry. However, when the DIS equation features discounting
Cr <), qNS is not necessarily greater than 1, and a positive response of the real interest
rate requires monetary policy to be sufficiently aggressive with respect to inflation. We
then get the following proposition.

PROPOSITION 9. Proposition 2 still holds in the general model, replacing 3 by 3y and k.,
by &5 = (G /Cr) - iy

Proposition 9 generalizes Proposition 2 with respect to the monetary policy regime
thresholds ¢ and ¢,., as well as the output-maximizing persistence p*. In the sequel,
we will denote these quantities ¢Y and ¢ and p9* to indicate they pertain to the general
formulation of the model. Notably, the proposition establishes that their formal expres-
sions share an identical analytical structure when £ is replaced by 5 and «,, is scaled by
Gr/Cy- If ¢ increases relative to (y, the RIR channel gains in importance relative to the
PI channel. As such, regime thresholds and output-maximizing persistence fall. In other
words, the results obtained in Proposition 2 are not the outcome of particular assump-
tions placed on the primitives of the model, or on the micro-foundations underlying
it, but are fundamentally related to the generic structure of the NK model. Note that,
similarly, Proposition 7 generalizes in the same manner as «,, is replaced by .

Note that, just like Proposition 2 holds in this economy, so does decomposition (5),
which is, in fact, a generic property of the (log-linear) Euler equation:

1 _ G Mo (p)

My(p) = 1—(p 1—(p

= My(p) — My(p) - (18)
N—— N——
PIChannel RIR Channel

The decomposition needs to be adjusted for discounting, (r, and the interest rate elas-
ticity, ¢, but its interpretation remains identical to that obtained in the baseline model.

13The condition actually reduces to the RANK Taylor principle, i.e., (1 — 8)¢y + (¢x — 1)y > 0if {5 =

¢r=1and gy =p.
141n that case, the condition for the real interest rate multiplier to increase monotonically with persis-
tence is more stringent.
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3.3.2 Towards a Structural Interpretation The results presented in Proposition 9 are
derived from a general formulation of the New Keynesian framework deliberately silent
about the structural micro-foundations of the key sufficient statistics (Cy,(r,Bf,Ky).
While this abstraction highlights the broad applicability of the reduced-form represen-
tation, it forbids a structural interpretation of our results. Therefore, the primary objec-
tive of this section is twofold. First, we establish that a wide range of NK models can be
represented in the form of equations (14)-(17). Second, we illustrate how specific mech-
anisms influence the thresholds for systematic monetary policy regimes and the p-max.
In particular, the recent macroeconomic literature increasingly recognizes the impor-
tance of heterogeneity across households, behavioral frictions, and life-cycle dynamics
in shaping economic outcomes and policy effectiveness. We explore how these factors
interact with monetary policy and aggregate dynamics, emphasizing their role in modi-
fying equilibrium thresholds and persistence measures within NK frameworks. '

Household Preferences and Consumption Smoothing: Household preferences play a
central role in determining the responsiveness of consumption to interest rates and in-
flation. A natural starting point is the standard constant relative risk aversion (CRRA)
framework, where the elasticity of inter-temporal substitution (EIS) affects both the elas-
ticity of the real interest rate in the DIS equation and the slope of the NKPC. A higher EIS
strengthens the RIR channel through greater consumption smoothing but simultane-
ously flattens the NKPC. This interaction highlights a fundamental trade-off: monetary
policy must balance its influence on demand with its impact on inflation expectations.
In practice, the dominance of the RIR channel suggests that economies with higher EIS
require less aggressive policy responses to stabilize inflation and output in the short-run.
In other words, a higher EIS decreases er , @gr, and p9*.

Recent extensions of CRRA preferences introduce wealth dependence, reflecting the
idea that relative wealth influences utility. For instance, Michaillat and Saez (2021) ad-
dresses anomalies observed at the zero lower bound by incorporating wealth in the util-
ity function into a RANK framework. In this setup, a discounted DIS equation emerges
when the marginal utility of wealth is positive, effectively dampening the PI channel.
Hence, just like a higher EIS, wealth in the utility function decreases ¢7, @7, and p9*.

Household Heterogeneity and Income Inequality: Empirical evidence (see, e.g., Camp-
bell and Mankiw, 1989, 1991) indicates that consumption-saving behavior deviates from
the predictions of the standard Euler equation. Models incorporating household het-
erogeneity — such as the two-agent New Keynesian (TANK) framework of Bilbiie (2008,
2020) — provide insights into these deviations, particularly through cyclical variations
in income inequality. In these economies, cyclical income inequality between savers
and hand-to-mouth households significantly alters the transmission of monetary pol-
icy. Counter-cyclical income inequality, by increasing the real interest rate elasticity, ¢,
amplifies the impact of monetary policy while pro-cyclical inequality dampens it. No-
tably, as cyclical inequality approaches some critical thresholds, the p-max approaches
zero, underscoring the destabilizing potential of income disparities.

15Formal statements and proofs of the following intuitions are reported to the technical appendix for
exposition purposes.
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In addition to cyclical inequality, cyclical income risk alters household consumption-
saving behavior as well. For instance, in the pseudo-representative agent New Keyne-
sian (PRANK) framework of Acharya and Dogra (2020), pro-cyclical income risk gener-
ates discounted dynamic IS (DIS) behavior, whereas counter-cyclical income risk pro-
duces compounded DIS dynamics. Models that integrate both cyclical inequality and
income risk, such as the tractable heterogeneous agent New Keynesian (THANK) model
(see, e.g., Bilbiie, Forthcoming), show that counter-cyclical inequality amplifies the RIR
channel relative to PI channels. This effect is particularly pronounced when a specific
condition on the share of hand-to-mouth households (\) and the persistence of saver
status (s) is met (A + s > 1). Under these conditions, counter-cyclical (and, conversely,
pro-cyclical) income inequality reduces (or increases) ¢/, ¢7, and p9*.

Importantly, contemporaneous income risk has a limited impact, as it affects uni-
formly the PI and RIR channels. In contrast, expectations of future income risk play a
much more significant role, altering the relative strength of these channels and thereby
shaping dynamic responses. Specifically, future counter-cyclical (or pro-cyclical) in-
come risk raises (or lowers) ¢7, @7, and p9*.

Behavioral Frictions and Cognitive Biases: Models that depart from the Full Informa-
tion Rational Expectation (FIRE) assumption by introducing limited foresight through
cognitive discounting (see, e.g., Gabaix, 2020) reduce the sensitivity of the allocation to
both the PI and inflation expectation channels. This framework modifies policy dynam-
ics in two ways. First, by introducing discounting into the dynamic IS equation (¢y < 1),
it weakens the PI channel. Second, by reducing inflation persistence (3¢ < /), it damp-
ens the RIR channel, diminishing the role of inflation expectations in the NKPC. Interest-
ingly, the latter effect typically dominates, calling for a more aggressive monetary policy
to stabilize inflation. As a result, cognitive discounting increases er , ai, and p9*.

Further research, such as Angeletos and Lian (2018), extends these findings by ex-
ploring the role of incomplete information and higher-order beliefs. These frameworks
yield dynamics akin to those generated by discounted Euler equations, strengthen-
ing the link between cognitive frictions and monetary non-neutrality. Hybrid models
that combine household heterogeneity with deviations from FIRE (see, e.g., Pfauti and
Seyrich, 2023, Meichtry, 2023, Gallegos, 2024) reveal how market incompleteness and
cognitive frictions, sticky or dispersed information jointly influence monetary policy
transmission. Specifically, these elements amplify the RIR channel while dampening the
PI channel. Consequently, they lead to a reduction in ¢7, @7, and p9*.

Life-Cycle Dynamics and Stochastic Mortality: Recent studies (see, e.g., Del Negro
et al,, 2023) incorporate perpetual youth structures (Blanchard, 1985, Yaari, 1965) into
medium-scale DSGE models, primarily to address the forward guidance puzzle. In these
frameworks, stochastic death probabilities act on three key margins. First, they lead
to discounted DIS equations (( < 1), reflecting households’ shorter effective planning
horizons. Second, they reduce the sensitivity of current inflation to inflation expecta-
tions (3¢ < $3). Third, they steepen the slope of the NKPC. These findings align with in-
sights from Eggertsson et al. (2019), which highlight how life-cycle effects reduce the
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persistence of expectations, thereby weakening the efficacy of forward guidance poli-
cies. Demographic considerations in these models generally increase ¢9, while their ef-
fects on ¢° and p9* depend heavily on the degree of price stickiness.

Debt, Default, and Borrowing Constraints: Borrowing constraints and default risk offer
another mechanism through which household heterogeneity affects macroeconomic
dynamics. Models such as Beaudry and Portier (2018) introduce information asym-
metries between borrowers and lenders, resulting in borrowing costs that depend on
debt levels. These costs impact both the PI channel and the RIR channel. Specifically,
borrowing constraints cause (; < 1 and bound ¢, from above —strictly below the EIS.
While these dynamics alter household consumption behavior, they leave monetary pol-
icy thresholds and the p-max essentially unchanged compared to standard CRRA mod-
els, as the ratio (¢ /¢, is independent of the sensitivity of borrowing rates to debt.

Overall, these findings highlight the pivotal role of household preferences, hetero-
geneity, and frictions in shaping macroeconomic responses. Whether through cyclical
income inequality and risk, behavioral biases, life-cycle dynamics, or borrowing con-
straints, these factors reshape the transmission channels of monetary policy and influ-
ence policy regimes and the p-max.

4. Quantitative Insights from a Medium-Scale DSGE Model

The previous sections provided analytical insights into the interplay between the per-
sistence of DIS-demand shocks and monetary policy within a purely forward-looking
framework. While this approach offers sharp intuition, it abstracts from several empiri-
cally relevant features of modern economies. In this section, we complement the analyt-
ical results by assessing their robustness in a medium-scale DSGE model that relaxes the
purely forward-looking structure and incorporates additional propagation mechanisms
commonly used in the DSGE literature.'® Specifically, we build upon Christiano et al.
(2005), Gabaix (2020), and Bilbiie et al. (2022) to extend the standard RANK framework
and provide a flexible and empirically relevant environment for analyzing the dynamic
effects of persistence and monetary policy. By bridging analytical and quantitative ap-
proaches, this extension not only validates the theoretical predictions but also uncovers
new mechanisms shaping short-run trade-offs.

4.1 The Model Economy

The economy is populated by infinitely-lived heterogeneous households, final and in-
termediate good firms, a financial intermediary, a government, and a central bank.
Throughout, we depart from the classical full information rational expectation (FIRE)
assumption and introduce cognitive discounting in the DIS and NKPC equations of the
model (see the generalized analytical model of Section 3.3.1).

16For expositional purposes, this section totally focuses on DIS-demand shocks. We also experimented
with monetary policy shocks, cost-push shocks and technology shocks and recovered results inline with
those obtained in the previous section.
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4.1.1 Households The economy features a unit mass of infinitely-lived households, in-
dexed by i € [0, 1], with preferences over consumption C} and labor L¢ represented by
the following utility function:

CE 1—0o L% 14+

U L) = —
(t7 t) 1—¢o Ul—‘r(pj

where o1 is the inter-temporal elasticity of substitution (EIS), v > 0 is a labor disutil-
ity parameter, and ¢! is the Frisch elasticity. Households discount the future at the
constant rate 5 € (0, 1). Finally, households supply a variety of differentiated labor input
L(I). Importantly, wage-setting decisions are made by labor type specific unions in-
dexed by € (0,1), detailed below. While household share the same preferences, they are
heterogeneous with respect to their access to financial markets. Households are subject
to idiosyncratic shocks that make them switch between two states — saver, .S, and hand-
to-mouth, H, households. Savers participate in asset markets on which they hold a port-
folio consisting of three types of assets: (i) liquid bonds, (ii) shares of illiquid real stocks
of intermediary good firms, and (iii) illiquid physical capital. Hand-to-mouth house-
holds cannot participate in asset markets and insure against income risk by holding liq-
uid bonds. Transitions between states are modeled as a Markov process with probabili-
ties P(Hyy1 | St) =1 — s and P(S¢4+1 | Ht) =1 — h, where s,h € (0,1) govern persistence.
The stationary equilibrium ensures the unconditional mass of hand-to-mouth house-
holds is A = 315517

At the beginning of period ¢, all households of a given group (S or H) pool resources,
hence fully insuring each other and observe the aggregate shock prior to making their
consumption and saving decisions. At the end of the period, they observe their period
t + 1 state on the asset market, and pool their liquid assets only with their peers. For in-
stance, let BtS_H (resp. Btliﬂ denote the aggregate real bond holdings by all savers (resp.
hand-to-mouth households) at the beginning of period ¢ + 1. BtsJrl comprises all the in-
dividual liquid assets holdings, b; .1 of the (1 — \) x s period ¢ savers that remain savers
in ¢t + 1, to which add all the individual liquid assets holdings, bffrl of the A x (1 —h)
period ¢ hand-to-mouth households that become savers in ¢ + 1. Accordingly, we have

By = (1—N\)sbfq + A1 —h)b, . (19)

Similarly, B{il comprises all the individual liquid assets holdings, b} ' 1 of the A\ x h pe-
riod ¢ hand-to-mouth households that remain hand-to-mouth in ¢ + 1, to which add all
the individual liquid assets holdings, b7, ; of the (1 — A\) x (1 — s) period ¢ savers that
become hand-to-mouth households in ¢ + 1,

B = Anb 4+ (1= N1 —s)b7 (20)
Physical capital is illiquid, cannot be transferred across states and accumulates as

IS
K2, =(1-0)K +@ <Kts> K7, 1)
t

17In this setup, transition probabilities also represent the proportion of households switching states.
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where ¢ € (0,1] denotes the constant capital depreciation rate and ®(-) describes how in-
vestment in final goods is turned into capital goods. This technology is increasing with
investment intensity (®'(-) > 0) and exhibits decreasing returns to scale (®”(-) < 0), a
manifestation of capital adjustment costs. We further impose ®(§) = § and ®’(6) =1
such that these costs are not operative in the deterministic steady state. Note that, since
only savers have access to capital markets, we have K; = (1 — \)K and I; = (1 — \)I/.

Saver: Saver households enter period t with the bond holdings, B7 /(1 — \), carried
from period ¢ — 1 and which yield a real return &;_1 R;_1 /7, where R is the gross nom-
inal interest rate, 7 is the inflation rate between ¢t — 1 and ¢, and ¢ is our DIS demand
shock. In the sequel, we will refer to it as the DIS demand shock, rather than to a bond
premium shock, to insure consistency with Section 2. The shock is assumed to follow an
exogenous AR(1) process defined in Equation (4). On top of these liquid assets, savers
also carry physical capital K thatyield an after tax return (1 —75)RX, where 75 € [0,1)
denotes the constant capital income tax and R is the real return on capital. Finally,
their capital income also comprises w;’ /(1 — \) stocks each yielding an after tax dividend
(1 —7P)D¢, with 7P € [0,1), and that resell at price ¢;. The savers also receive a transfer
F? from a financial intermediary and pay a lump sum tax 7}° to the government. Fi-
nally, they supply a variety of differentiated labor inputs L7 (/) at a nominal wage W;(1),
which generates a labor income v} = fol Wy (1)L7 (1)dl/ P;. These revenues finance con-
sumption and investment expenditures, C; and I;%, and savers’ financial investment in
the form of liquid bonds, b7, ; and stocks, w?, ;, so as to maximize their intertemporal
utility. Accordingly, the optimal plan of a saver solves the Bellman equation

VS(BY WP KP) = max U LY) + BE, VS(BEH,MEH,K,§+1)+—1 )\VH(B{L)
{cg, 13, th+1""1,$+1} -
subject to
s s S
w &—1Ri—1 B w
cS 1 pS t+1 7S _ .S t ( 1— DD) t
t O ta =+ = T g+ (1 —77)Dy -
+ (1 - )REKP - TP + FF, (22)

b1 >0 and (19) - (21),

where the value function accounts for the possibility that, in period ¢ + 1, the saver may
become a hand-to-mouth household.'® E; denotes the expectation operator that may
deviate from the full information rational expectation operator as discussed below.

Hand-to-mouth: The problem of hand-to-mouth households is similar to that of
savers, to the notable exception that they do not have access to capital markets, imply-
ing that they cannot accumulate neither capital nor stocks and receive transfers from the

18The next period hand-to-mouth value function is scaled by % as the state variable is written in terms

of total island bond holdings. As such, the relative transition probability ﬁ maps into the corresponding
individual transitions probabilities (s,1 — s).
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government (7} < 0). Just like savers, hand-to-mouth households decide consumption
expenditures, C/, their liquid bond holdings, b2 ;, so as to maximize their intertempo-
ral utility. Accordingly, the optimal plan of a saver solves the Bellman equation

1-A

VBB = max  u(CH L")+ BE, VH(Bt}—I&-l)+TVS(BE+1an+1aK§+1)
{Cf, b
subject to
1Ry B
O by =ff + ST g, (23)
t

bi1 >0 and (19) - (20),
where y/ = fol Wi (1) L{ (1)dl/ P, denotes real labor income of hand-to-mouth agents.

Finally, we select an equilibrium on the financial market by placing the following
assumptions on asset holdings.

ASSUMPTION 1.
(Al.a) Thereis perfect insurance across households in the same state, but not across states.
(A1.b) Stocks and physical capital are illiquid and cannot be transferred across states.

(Al.c) Liquid bond holdings are weakly positive and the positivity constraint of hand-to-
mouth households binds in each period.

(Al.d) No bonds are traded in equilibrium.

(Al.a)-(Al.d) jointly apply and ensure a tractable representation of the bond mar-
ket equilibrium. Under (Al.a)-(A1.b), all savers (resp. hand-to-mouths) make equiva-
lent consumption and saving decisions. (A1.c) guarantees that H households are strictly
hand-to-mouth, while (A1.d) imposes a zero liquidity limit (see e.g. Krusell et al., 2011).

4.1.2 Expectation Formation: We follow Gabaix (2014, 2020) and introduce cognitive
discounting on the effects of aggregate shocks.!® Consider a random variable X; and
let X; be the default value that agents assign to this variable in a given period ¢.2° Let
)A(Hl = Xy4+1 — X be the deviation of the future realization X; from the default value
as of period ¢. The behavioral expectation operator, IEt[-], is then defined as

Et [X¢41]) = By {yt + Xt-}-l] =X+ uE¢ [)A(tﬂ} ) (24)

19Notice that saver households have positive wealth holdings due to the two asset structure, even under
the zero liquidity limit. To ensure comparability of the cognitive discounting across a larger class of models,
we differ from Gabaix (2020) by assuming that the behavioral expectation operator (24) is defined with
respect to the state comprising only the aggregate shock, not individual wealth. In mathematical terms, we
assume E; [XE'H (St+1, KtSH)] =E; [thﬂ (St+1, 0)] for some exogenous aggregate state vector S;. This
assumption is innocuous in the sense that it maps into the same counterparts of the sufficient statistics
(¢#,B¢) and only changes their values without affecting their expression.

20For example, agents may have in mind the steady value of X; as a default value, in which case X; = X.
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where E; is the standard conditional expectation operator used under FIRE and y € [0, 1]
is the cognitive discounting parameter. If ;= 1 then E; [X;; 1] = E; [X;;1] and expecta-
tions are rational. In contrast, if » = 0 then expectations are fully anchored to the default
value X,. Subsequently, we follow Gabaix (2020) and assume that households correctly
perceive the contemporaneous real interest rate on bond holdings and physical capital.
We denote the cognitive discounting parameter of the self-insurance equation by p;, and
the one of the physical capital investment equation accordingly by y,.%!

4.1.3 Firms The economy comprises a continuum j € [0, 1] of intermediary and a con-
tinuum of completely identical final good firms.

Final Good Sector: The final good sector is populated by a continuum of identical firms
that act in a competitive environment. They purchase intermediate goods, X:(j), at
price P;(j) on a competitive market and produce a homogeneous good, Y%, that is sold
for consumption and investment purposes at a price P; and produced with the constant

return technology
€p
ep—1
Y = (/ Xi(g)r™ 1d]> , with ¢ >1.
Profit maximization leads to the constant elasticity demand for intermediate good j

Xu(j) = (Pt(”)_epyt,

P

1
where P; = ( fo )= 6de) 7 denotes the aggregate price level.

Intermediate Good Sector: Each intermediate good j is produced by means of capital,
K(j), and labor L.(j) according to a constant returns to scale technology described by
the production function

Xi(j) = AK(j)*Le(j)*~*, with A>0and a € (0,1).

The labor input used by firm j is a composite of differentiated labor types and defined

by Li(j) = (Jy LeGD)a"Tar) ™"

Intermediary good firms rent capital and labor in perfectly competitive factor mar-
kets. However, the firm is subject to working capital and workers must be paid ahead
of production Consequently, every intermediate firm j borrows its nominal wage bill
WL (j fo Wi(1)L¢(4,1)dl from a financial intermediary and repays the loan at the
end of perlod at a interest rate R;. For simplicity, we assume that the financial inter-
mediary has access to an inexhaustible credit line with the central bank at no interest

2lHeterogeneity in cognitive discount factors is meant to capture a combination of heterogeneous at-
tention to specific variables and a uniform cognitive discounting of the state, leading to a term structure of
attention, see Gabaix (2020), Section V.A.
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payments, and that it redistributes its aggregate profits at the end of period to savers
—ie, F? = (Ry — )W Ly.

Intermediary goods firms behave under monopolistic competition, i.e., firm j has
local monopoly power and sets its price as in Calvo (1983). For instance, only a fraction
1—6, can adjust their price in each period. The remaining firms cannot re-optimize their
price and instead partially adjust their prices to past inflation according to P, - |;(j) =
PHT,”t(j)Efj;T_l, where Z; = m;_1Z;—1 Vt > 1 with Zg = 1, and y,, € [0, 1] reflects the
degree of indexation to past inflation. The firms that are allowed to re-adjust their price
do so by maximizing their discounted expected profits

= | PIEY. PYE T
7 0T % A s et Y V 7 s.t.Y, )= ——% Y
H})?‘X t 7;) p *tt+T t+‘r\7’(‘]) Pt+7’ t+1 5 t+T‘T(‘]) ( Pt+7- ) e

where Uy ¢4 =67 (Cf+T / Cts )_G is the savers’ stochastic discount factor, M Cy - is the
marginal cost of each intermediate firm and E![-] denotes the behavioral expectation
operator of intermediate firms with cognitive discounting parameter 1,.% Finally, ag-
gregating across firms and using the Poisson process associated with the Calvo fairy, the
aggregate price index satisfies

1—ep

B =0, (Peoamy®y) 7 4+ (1= 0,) (P))'

4.1.4 Nominal Wage Rigidities: Just like prices, nominal wages are subject to nomi-
nal rigidities. Following Colciago (2011), we assume that each variety (or skill) of la-
bor, I € [0,1], supplied by households is represented by a labor union. Households are
uniformly distributed across these unions.?® Each skill-specific union aggregates labor
across households and sets nominal wages subject to Calvo (1983)-type nominal rigidi-
ties. In any given period, only a fraction 1 — 6,, of labor skill-specific unions can re-
optimize their wages. The remaining fraction adjusts wages based on past price infla-
tion, such that Wy -,(1) = Wypr 1 (D=, _, where x., € [0,1] reflects the degree of
wage indexation to inflation, and =; was defined earlier. When allowed to re-optimize,
the union sets wages to maximize the utilitarian expected welfare of its members — both
savers and hand-to-mouth workers — subject to the aggregate demand for labor of type
1.* The union’s optimization problem is:

max EY
W)

Z(ﬂaw)‘r (Au(cg-ﬂ Lg—f) + (1 - )‘)U(C£S+77Lts+f))‘|
7=0

K:i(d) _ _a WiRy

Li(§) = 1-a PR
real marginal costs are MCy(j) = MCy = W(RF)™ (Wy/Py)Re)1 =2, where ¥ = o= (1 — o)~ (1= A= 1,

23This assumption implies that the individual quantity of hours worked is equally distributed across
households, i.e., L} = L = LY = L;. Note that the aggregate hours worked of a given individual are given
by Li = fol Li(hdl = fol(Wt(l)/Wt)*Ew L%di. The common labor market income of each household is
therefore given by [} Wy (1) Li(1)dl = LY [} Wy (1)1~ <w /W, dl.

24The aggregate demand for labor of type [ is given by L (1) = f01 L(5,1)dj. Using the fact that L; (j,1) =
(Wi (1)/Wi) = Ly (5), we have Ly (1) = (Wi (1)/Wi) = [} Le(5)dj = (Wi (L)/We) =% Ly.

22Cost minimization of intermediary firms implies that

. As all firms are symmetric,
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L 22 23).
Wien ) t+r,  (22) & (23)

s.t. Lypr(l) = (

where ]E;“ [-] denotes the behavioral expectation operator of unions with a cognitive dis-
1

counting factor p,,, and W; is the aggregate wage given by W, = ( fol Wi(D)=ew dl) e
In a symmetric equilibrium where all unions set the same wage, W, (I) = W,, and apply-
ing the Calvo fairy, nominal wage dynamics simplify to:

— 1—ew —ew
Wm0 =0y (Wemam) )T~ + (1= 0) (W) 7

4.1.5 Policy Authorities The fiscal authority redistributes tax revenues across house-
holds, while maintaining a balanced budget without resorting to debt issuance:

ATH + (1= NTP =r"Dy + 75 RE K, .

In addition, the monetary authority follows a simple Taylor rule of the form:

¢
(TN (YT
RtiR(ﬂ') (Y) ’
where ¢, > 1 and ¢, > 0.

4.1.6 Aggregation and Market Clearing Finally, goods and input markets clear in all
periods such that

1 1
Ltsz’szzfo Le(t)d . Kt=/0 KG)di. V()= X:(G)Vj, Yi=Cy+1,.

4.2 Parametrization

We parametrize the model to match some key features of the US economy. Table 1 sum-
marizes the baseline parameters used in the calibration.

Parameters pertaining to household preferences are set to reflect standard values
used in the literature. The discount factor is set to 8 = 0.99, implying an annual real
interest rate of 4%. Agents are assumed to have logarithmic preferences over consump-
tion (o = 1.00), as in Christiano et al. (2005).%> The inverse Frisch labor supply elasticity
is fixed at ¢ = 1.00, a value consistent with the meta-analysis of Chetty et al. (2013). To
match a steady-state share of work time at one-third of available time, we set the labor
disutility parameter to v = 5.00.

Following Bilbiie et al. (2022), we assume that saver households transition to the
hand-to-mouth state with a 2% probability each quarter (s = 0.98). The share of hand-
to-mouth households is calibrated at A = 0.30, closely aligning with the time-series av-
erage reported by Kaplan et al. (2014) based on SCF data from 1989-2010. This implies a
value for the probability of remaining a hand-to-mouth household of 4 = 0.95.

25Recent studies, such as Jakobsen et al. (2020) and Holm et al. (2024), suggest a higher EIS in the range
of 2 — 3,1i.e., 0 €[0.33,0.50], while Heathcote et al. (2010) specifies o = 1.50 (EIS of 0.67). A value of 1.00 is
therefore in the middle of the range of commonly used values.
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TABLE 1. Parameters in the Benchmark US Economy

PARAMETER SYMBOL VALUE SOURCE/TARGET
Household Preferences
Discount factor B 0.99 annual nominal interest rate of 4%
Elasticity of inter-temporal substitution o 1.00 logarithmic utility
Labor dis-utility v 5.00 calibrated to match 1/3 time at work
Frisch elasticity ® 1.00 Meta-analysis Chetty et al. (2013)
Household Heterogeneity
Idiosyncratic risk s 0.98 Bilbiie et al. (2022)
Hand-to-mouth share A 0.30 Kaplan et al. (2014)
Expectation Formation
Cognitive discounting HH’s bond DIS s 0.85 Gabaix (2020)
Cognitive discounting HH’s capital DIS Wk 1.00 benchmark value
Cognitive discounting firm’s price setting Hp 0.85 Gabaix (2020)
Cognitive discounting unions’s wage setting Hw 0.85 Gabaix (2020)
Intermediate Good Production
TFP A 1.00 benchmark value
Capital share e 0.33 US capital income share
Investment
Depreciation 4 0.025 Christiano and Eichenbaum (1992)
Jermann (1998) auxiliary parameter 1 ay 0.500  benchmark value to match = 2.00
Jermann (1998) auxiliary parameter 2 by 0.158  benchmark value to match ®'(6) = 1
Jermann (1998) auxiliary parameter 3 cy —0.025 benchmark value to match ®(d) =9
Price and Wage Setting
Price markup €p 6.00  price markup of 20%
Wage markup €w 6.00  wage markup of 20%
Calvo price reset probability Op 0.65 three quarter average price duration
Calvo wage reset probability Ow 0.75 annual average wage duration
Price indexation Xp 0.30 Smets and Wouters (2007)
Wage indexation Xw 0.30 Smets and Wouters (2007)
Government Policy
Capital income tax K 0.20 US marginal long-term capital gains tax
Dividend tax P 0.20 US federal corporate income tax
Systematic Monetary Policy
Taylor rule inflation for 1.50  benchmark value
Taylor rule output by 0.125  benchmark value

The physical capital accumulated by savers depreciates at a rate of § = 0.025 per
quarter, consistent with a 10% annual depreciation estimated by Christiano and Eichen-
baum (1992). Following Jermann (1998), capital adjustment costs are modeled as

O (I Ky) =by(1—ay)  (It/Ke)' ™% +cy.

The elasticity of Tobins @ with respect to investment, denoted by 7, determines the ad-
justment cost parameters. We set = 2.00, close to the unit elasticity assumed by Gali
et al. (2007). The remaining parameters are calibrated to insure that capital adjustment
costs are inoperative in the deterministic steady state (®’(5) = 1 and ®(§) = §), implying
aJznfl,bJ:6“J,andCJ:§—bJ(1—a(])*lélf‘”.
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Consistently with the values used in Gabaix (2020) and Pfauti and Seyrich (2023),
saver households and firms are assigned a uniform cognitive discounting factor of
iy = p = [t = 0.85, governing consumption-saving decisions, as well as price and wage
setting. However, we assume no cognitive discounting in the accumulation of physical
capital by savers, setting p; = 1.00. This assumption implies that capital decisions are
consistent with rational expectations.

On the firm side, and without loss of generality, we normalize steady-state total fac-
tor productivity (TFP) to A = 1. The capital elasticity of intermediate production func-
tion is set to o = 0.33.

Price and wage markups are set at 20%, implying ¢, = €,, = 6. These values align with
Christiano et al. (2005) and Gali (2015), although the wage markup is slightly lower than
the ¢,, = 21 used by Christiano et al. (2005).

Nominal rigidities in price and wage adjustments are captured through Calvo prob-
abilities. Following Gali (2015), we set ¢, = 0.65 and 6,, = 0.75, reflecting greater wage
stickiness relative to prices. These values are slightly higher than those in Christiano
et al. (2005), who use 6, = 0.60 and §,, = 0.65, but preserve the same ranking. Partial in-
dexation to past inflation is calibrated conservatively, with y, = x.,, = 0.30 —the level of
price indexation estimated for the US economy by Smets and Wouters (2007).

We calibrate fiscal parameters to align with U.S. tax policies. The capital income tax
rate is set at 7 = 0.20, approximating the marginal long-term capital gains tax for high-
income brackets. Dividend taxes are also set at 72 = (.20, reflecting the U.S. federal
corporate income tax rate. We choose a time-invariant lump-sum transfer from saver
to hand-to-mouth households, i.e., Tts =T5, such that the steady state consumption
of both household types is equalized given the capital and dividend taxes in place, i.e.,
C® = CH . The monetary policy uses in the Taylor rule a feedback to inflation of ¢, = 1.50
and a feedback to output of ¢, = 0.125.

Finally, the persistence of the DIS shock is set to p = 0.60 to reflect a moderately
persistent shock.

Given this calibration, the equilibrium is locally determinate.6

4.3 Multipliers and Persistence

Figure 3 depicts the relationship between the impact multipliers and the persistence of
the DIS demand shock.?’ As is clear from the figure, the multiplier of output, consump-
tion, investment, hours worked, and asset prices (Tobin’s @) display a hump-shaped
pattern with respect to shock persistence, confirming that the analytical findings from
Section 2 extend to more complex environments. In particular, the introduction of a
backward looking component (capital accumulation, price and nominal wage indexa-
tion) or a cost channel in the NKPC does not affect our main result qualitatively.

Figure 4 illustrates the existence of the various monetary policy regimes, as deter-
mined by the thresholds ¢? and &L, where the superscript ¢ indicates that these thresh-
olds pertain to the quantltatlve model. Panel (a) of the figure reports the p-max as a func-
tion of the degree of aggressiveness towards inflation. It clearly shows that for weakly

26Section B.1 of the online appendix reports a detailed determinacy analysis of the equilibrium path.
27The interested reader is referred to the online appendix for impulse response functions.
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FIGURE 3. Impact Multipliers and the Persistence of DIS Demand Shocks
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Legend: The impact IRFs are denoted in terms of percentage deviation from steady state. Impact IRFs of
the nominal interest rate, inflation, and the real interest rate are expressed in annual terms.

aggressive policies (¢, < ¢? = 1.25), the degree of persistence maximizing the output
impact multiplier is 1, as, in that regime, the PI channel dominates and the multiplier
increases with persistence (see Panel (b) of the figure, ¢, = 1.2). Conversely, when the
central bank becomes very aggressive towards inflation (¢, > ¢-. = 3.4), the RIR chan-
nel dominates, the degree of persistence maximizing the output impact multiplier is 0
and the output impact multiplier is decreasing in p (see Panel (b) of the figure, ¢, = 3.5).
In between these values, the multiplier exhibits a hump-shared pattern as the relative
weight of the two channels varies with the degree of persistence of the shock.

FIGURE 4. Output Impact Multipliers and the Persistence of DIS Demand Shocks
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Note: The impact IRFs are denoted in terms of percentage deviation from steady state.

Figure 4 only gives a partial picture of the various monetary policy regimes that can

exist in this economy.
A positive DIS shock increases both output and inflation, prompting the central bank

to respond by raising the nominal interest rate. This, in turn, increases the marginal costs
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of monetary policy within the NKPC, exerting additional upward pressure on inflation.
When monetary policy reacts aggressively enough to inflation (¢, > 7.95), the resulting
increase in the real interest rate becomes so pronounced that the initially positive DIS
shock exerts a contractionary effect on output. In this scenario, where the RIR chan-
nel strictly dominates, the reversal in the output response introduces a fourth regime in
which the relationship between persistence and the multiplier is U-shaped, with p-max
reaching either 0 or 1 depending on the skewness of the U-shape. When monetary pol-
icy is even more aggressive (¢, > 15.60), closely approximating strict inflation targeting,
a fifth regime emerges. In this regime, inflation and output become almost unrespon-
sive to shocks, resulting in a p-max of 0.?% These two additional regimes are not reported
in Figure 4 for two main reasons. First, such extreme levels of monetary policy respon-
siveness to inflation are not observed empirically. Second, at such high values of ¢, the
economy closely approximates strict inflation targeting, diminishing the significance of
demand shocks to a negligible level.”

4.4 Quantitative Drivers of Monetary Policy-Persistence Regimes

This section tries to shed light on the mechanisms underlying the emergence of distinct
monetary policy-persistence regimes. To this end, we systematically re-compute regime
thresholds, as well as the p-max and impact multipliers, while selectively deactivating
specific model features. Our findings underscore the remarkable robustness of multiple
regimes across model variants. The results, are presented in Table 2 and are organized
around three types of experiments. First, we shut down the working capital, that in turn
switches off the marginal monetary cost channel in the NKPC. Then, we vary structural
parameters that directly determine the parameters in the DIS and NKPC equations —
the equivalent to 3, ( and ¢, in our analytical model of Section 3.3.1. Finally, we inves-
tigate the role played by the type of nominal rigidities for our results.

The working capital assumption implies that firms’ marginal costs are affected di-
rectly by interest rates, introducing a monetary policy cost channel. In equilibrium, this
channel, in combination with the Taylor rule, increases the sensitivity of the NKPC to
output, effectively steepening it. When the working capital assumption is removed, this
monetary policy cost channel is eliminated, leading to a flattening of the NKPC, which
is akin to an increase in price stickiness. As a result, as discussed in Section 2, the PI
channel becomes relatively stronger than the RIR channel. This shift has two immediate
implications. First, it raises the intermediate regime in which the output multiplier ex-
hibits a hump-shaped relationship with persistence, as the threshold ¢? increases from
1.25 in the benchmark model to 1.95 in the version without working capltal Second,
it expands the range of this regime, with ¢~ increasing significantly from 3.4 to nearly
15. Given the central bank’s inflation response coefficient of 1.5 in our parametrization,

281t is important to note that these extreme regimes do not occur in response to a monetary policy shock.
In this case, the response of the nominal interest rate—and by extension, the real interest rate—is subdued,
ensuring that output always remains expansionary regardless of the aggressiveness of monetary policy.
29For a complete picture, readers can refer to Figure B.3 in the online appendix.

31



TABLE 2. Monetary Policy Regimes, Impact Multipliers and p—max

MODEL VARIANT PARAMETER REGIME IMPACT IRF
—-4 * *

[ b P M3

Benchmark Model 1.25 3.40 0.86 0.38

Cost Channel of Monetary Policy

No Working Capital 1.95 14.90 099 0.65
Behavioral Parameters

Rational Expectations Hb,p,w = 1.00 - 3.25 0.74 0.39
Higher EIS 0 =0.33 1.30 2.75 0.78 0.51
Less HtM Households A=0.01 1.15  3.15 0.78 0.37
No Idiosyncratic Risk s=1.00 1.25  3.40 0.87  0.39
No Capital Redistribution 7K =0.00 1.25 3.40 0.86 0.37
No Dividend Redistribution 72 =0.00 1.30 3.40 0.88 0.43
Nominal Rigidities

No Price/Wage Indexation Xp,w = 0.00 1.20  3.60 0.85 0.38
No Wage Indexation Xw = 0.00 1.25  3.55 0.89 041
No Price Indexation Xp = 0.00 1.20  3.40 0.81 036
Flexible Wages (only) 6., =0.00 1.15 1.80 0.31 0.13
Flexible Prices (only) 6p =0.00 0.70  0.95 0.00 -0.27

the economy without working capital falls within the lower regime, where the PI channel
strictly dominates the RIR channel, causing p-max to reach 1. Additionally, the flattening
of the NKPC implies an increase in the output impact multiplier when working capital
is removed, nearly doubling from 0.38 to 0.65.

Behavioral expectations significantly dampen the inflation expectation channel in
the NKPC —a drop in gy in the analytical version of Section 3.3.1— and reduce the PI
channel in the DIS equation —a drop in (; in the analytical version of Section 3.3.1.
Therefore, shifting to rational expectations has two direct consequences. First, it sub-
stantially strengthens the PI channel in the DIS equation. Second, it amplifies the role of
inflation expectations in the NKPC, thereby strengthening the RIR channel —the same
response of monetary policy exerts a larger effect on consumption and output. In our
parameterization, the latter effect dominates, hence requiring a less aggressive mone-
tary policy stance to stabilize inflation. Thus, the lower threshold ¢? decreases so much
that the lower monetary policy regime effectively disappears. The relatively stronger RIR
channel also causes p-max to decline from 0.86 in the benchmark model to 0.74.
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In the lines of Jakobsen et al. (2020) and Holm et al. (2024), we increase the intertem-
poral elasticity of substitution. This variation in the IES strengthens the RIR channel
in the DIS equation —an increase in ¢, in the analytical version of Section 3.3.1—and
reduces the sensitivity of the NKPC to output —«, in the analytical model, thereby
strengthening the role of inflation expectations. As discussed above, both effects call
for a less aggressive monetary policy. Consequently, ceteris paribus, the monetary pol-
icy regime thresholds ¢? and &1 decrease. However, this decline is partially offset by the
monetary policy cost channel in the NKPC, which, as formally analyzed, increases the
sensitivity of the NKPC to output in equilibrium and plays in the opposite direction. Un-
der our parametrization, this results in a slight increase in the lower threshold ¢?, while
the upper threshold, 7, decreases. This adjustment narrows the range of values over
which the output multiplier exhibits a hump-shaped relationship with respect to persis-
tence. The dominance of the RIR channel leads to a lower p-max, 0.78, together with a
larger impact multiplier, 0.5.

The direct effect of the presence of hand-to-mouth households is to diminish the
influence of both the PI and RIR channels. However, among others Werning (2015) and
Bilbiie (Forthcoming) showed that, when income risk and inequality are countercyclical,
indirect general equilibrium effects lead to a departure from the "as if" representative
agent benchmark and reverse this statement: both channels are reinforced. By nearly
eliminating these households and the associated indirect effect of hand-to-mouth be-
havior, permanent income effects regain prominence and both channels recede. For our
calibration, the PI channel weakens relatively more than the RIR channel. As previously
discussed, a less aggressive monetary policy is required to achieve the same level of sta-
bilization, resulting in a reduction in both monetary policy regime thresholds ¢? and or
—specifically, to 1.15 and 3.15, respectively, for our parametrization. While thls adjust-
ment is accompanied by a decrease in p-max, the concurrent weakening of the PI and
RIR channels leaves the impact multiplier unaffected.

Cyclical inequality, idiosyncratic income risk, and redistribution policies have only
minimal effects on regime thresholds, the p-max, and the output impact multiplier.
From the perspective of the analytical model in Section 3.3.1, each of these mechanisms
alters the ratio between the discounting component of the DIS equation (¢ in the ana-
lytical model) and the DIS elasticity with respect to the real interest rate (¢, in the ana-
lytical model). However, each parameter contributes, quantitatively, very little to these
elasticities and, more critically, to their ratio. As demonstrated in Proposition 9, this ra-
tio plays a pivotal role in determining the regime thresholds, the p-max, and the output
impact multiplier. The result then follows.

Last, we examine the role of nominal rigidities for our results. We start by investigat-
ing the role of price and wage indexation, which act as an endogenous source of per-
sistence in inflation and wage dynamics. Results reported in the lower panel of Table
2 clearly show that indexation, be it in wages and/or prices, does not play an impor-
tant quantitative role for the monetary regime threshold, the p-max and the multiplier.
The main reason for this result lies in the fact that, while indexation may create some
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propagation of nominal rigidities, it does not fundamentally affect the transmission of
monetary policy on impact.

In contrast, the combined presence of nominal price and wage rigidity plays a sig-
nificant role. When nominal wages are flexible and prices are sticky, real wages—and
consequently, firms’ marginal costs—become more sensitive to changes in demand. In
this context, monetary policy gains greater effectiveness. As a result, the upper regime
threshold decreases sharply, dropping from ¢~ = 3.40 to ¢- = 1.80. This reduction is ac-
companied by a lower p-max (p* = 0.31).

In the case of flexible prices and sticky wages, the inflation rate becomes signifi-
cantly more responsive compared to the previous scenario. Since the central bank tar-
gets price inflation —and not wage inflation— the RIR channel is much stronger than
in an economy characterized by flexible wages and sticky prices. As a result, both the
upper and lower monetary policy thresholds drop sharply. Specifically, the lower thresh-
old decreases from ¢? =1.30 to 0.70, while the upper threshold drops from o =3.40to
0.95. This sharp reductlon is accompanied by a collapse of p-max to p* = 0.00, as the RIR
channel overwhelmingly dominates the PI channel in the DIS equation. This dominance
leads to a pronounced recessionary response in output.

4.5 The Role of Monetary Policy

The preceding discussions have highlighted the importance of monetary policy in shap-
ing how persistence affects the output impact multiplier. In this section, we exam-
ine how adopting a forward-looking monetary policy rule or introducing interest rate
smoothing can modify these results. Figure 5 illustrates the emergence of the regimes
and the determination of the p-max as a function of the aggressiveness of various mon-
etary policies towards inflation.

FIGURE 5. p-max and the Monetary Policy
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We begin by examining the case in which the central bank adopts a forward-looking
Taylor rule, expressed as:

reen(f) ()

where the central banker is assumed to have rational expectations regarding future out-
put and inflation. In the absence of the monetary policy cost channel, Proposition 7
established that expected output stabilization counteracts the PI channel, causing both
monetary policy regime thresholds to recede. However, in this version of the model, the
inclusion of working capital introduces a monetary policy cost channel in the NKPC.
This channel amplifies the inflation response, necessitating a more aggressive Taylor
rule to achieve the same degree of inflation stabilization. Consequently, under our cali-
bration, the upper threshold rises from ¢, = 3.40 to 3.87.% This effect is less pronounced
for the lower threshold, which declines from 1.25 to 1.05.

Next, we analyze the case where the central bank aims to smooth nominal interest
rate fluctuations by adopting a rule of the form:

" ( ™ ) b < E > by
T Y
where pr € [0,1] represents the degree of interest rate inertia or smoothing. At one ex-
treme, this rule simplifies to the baseline contemporaneous Taylor rule when pr =0,
while pr — 1 implies complete interest rate smoothing. For this analysis, we select an
intermediate value, pg = 0.50, while maintaining ¢, = 0.125. Under these assumptions
for a DIS demand shock, the regime thresholds increase to ¢ =1.89 and 7 =6.15. In-
terest rate smoothing prevents the RIR channel from being fully operative at the time
the shock hits the economy:. As a result, the RIR channel affects the economy only under
a more aggressive Taylor rule with respect to inflation. Consequently, both monetary
regime thresholds shift upward. Under our benchmark calibration with ¢, = 1.5, the
economy operates in the upper regime, where the PI channel dominates entirely. In this
case, p-max reaches its upper limit, i.e., p* = 1. Note however that estimated values of ¢,
greater than 2 often obtain in various models (see e.g. Clarida et al., 2000), which would

reignite the hump-shaped mechanism.

1-pr

Ry = Rf}—?i

5. Concluding Remarks

This paper attempts to shed light on how the persistence of DIS demand shocks inter-
acts with monetary policy to shape short-term macroeconomic outcomes within the
New Keynesian framework. We start by studying a simplified RANK model to derive
closed-form solutions. We identify two key propagation mechanisms: a permanent in-
come channel, which amplifies the effects of persistent shocks, and a real interest rate

30The discontinuity in p-max arises because, in the presence of the monetary policy cost channel, the
output multiplier becomes negative when ¢, > 3.87, reaching its maximum at p* = 0.

35



channel, which works in the opposite direction and encapsulates all general equilib-
rium effects pertaining to monetary policy and nominal rigidities. The interaction be-
tween these two forces depends on the central bank’s monetary policy stance. Under an
accommodative policy, persistent demand shocks amplify the output response due to
the dominance of the permanent income channel. In contrast, aggressive policies sup-
press output responses as the real interest rate channel becomes predominant. In an
intermediate policy regime, towards which most empirically estimated degrees of mon-
etary policy aggressiveness to inflation point to, the relationship between persistence
and output exhibits a hump-shaped pattern.

We extend the analysis to medium-scale DSGE models incorporating household
heterogeneity, behavioral frictions, nominal price and wage rigidities, working capital
and capital accumulation. Our results confirmed the robustness of the hump-shaped
persistence-output relationship across richer and more compelling settings. The nu-
anced interplay between propagation channels underscores the importance of tailoring
policy responses to the nature and persistence of demand shocks.

References

ACHARYA, SUSHANT AND KESHAV DOGRA (2020): “Understanding HANK: Insights From
a PRANK,” Econometrica, Vol. 88, pp. 1113-1158. [4, 20, 62, 79, 90]

ANGELETOS, GEORGE-MARIOS AND CHEN LIAN (2018): “Forward Guidance without
Common Knowledge,” The American Economic Review, Vol. 108, pp. 2477-2512. [4, 20]

ANGELETOS, GEORGE-MARIOS, CHEN LIAN, AND CHRISTIAN K. WOLF (2024a): “Can
Deficits Finance Themselves?” Econometrica, Vol. 92, pp. 1351-1390. [16]

(2024b): “Deficits and Inflation: HANK meets FTPL,” Working Paper 33102, Na-
tional Bureau of Economic Research. [16]

AscCARI, GUIDO, ANDREA COLCIAGO, AND LORENZA R0OSSI (2017): “Limited Asset Market
Participation, Sticky Wages, and Monetary Policy,” Economic Inquiry, Vol. 55, pp. 878-
897. [4]

AUCLERT, ADRIEN (2019): “Monetary Policy and the Redistribution Channel,” The Amer-
ican Economic Review, Vol. 109, pp. 2333-2367. [4]

AUCLERT, ADRIEN AND MATTHEW ROGNLIE (2018): “Inequality and Aggregate Demand,”
NBER Working Papers 24280, National Bureau of Economic Research, Inc. [4]

BARNICHON, REGIS AND GEERT MESTERS (2023): “A Sufficient Statistics Approach for
Macro Policy,” The American Economic Review, Vol. 113, pp. 2809-2845. [4]

BARSKY, ROBERT B., CHRISTOPHER L. HOUSE, AND MILES S. KIMBALL (2007): “Sticky-
Price Models and Durable Goods,” The American Economic Review, Vol. 97, pp. 984-998.
(4]

BAYER, CHRISTIAN, RALPH LUETTICKE, LIEN PHAM-DAO, AND VOLKER TJADEN (2019):
“Precautionary Savings, Illiquid Assets, and the Aggregate Consequences of Shocks to
Household Income Risk,” Econometrica, Vol. 87, pp. 255-290. [4]

36



BEAUDRY, PAUL AND ALAIN GUAY (1996): “What Do Interest Rates Reveal About the Func-
tioning of Real Business Cycle Models?” Journal of Economic Dynamics and Control, Vol.
20, pp. 1661-1682. [1]

BEAUDRY, PAUL, CHENYU HOU, AND FRANCK PORTIER (2024): “Monetary Policy When
the Phillips Curve Is Quite Flat,” American Economic Journal: Macroeconomics, Vol. 16,
p. 128. [4, 61, 62, 70, 82, 90]

BEAUDRY, PAUL AND FRANCK PORTIER (2018): “Real Keynesian Models and Sticky Prices,”
NBER Working Papers 24223, National Bureau of Economic Research, Inc. [4, 21, 82]

BILBIIE, FLORIN O. (2008): “Limited Asset Markets Participation, Monetary Policy and
(Inverted) Aggregate Demand Logic,” Journal of Economic Theory, Vol. 140, pp. 162-196.
(4, 19]

(2020): “The New Keynesian Cross,” Journal of Monetary Economics, Vol. 114,
pp. 90-108. [4, 19]

(Forthcoming): “Monetary Policy and Heterogeneity: An Analytical Frame-
work,” The Review of Economic Studies. [4, 18, 20, 33, 56, 62, 78, 90]

BILBIIE, FLORIN O., DIEGO R. KANZIG, AND PAOLO SURICO (2022): “Capital and Income
Inequality: An Aggregate-Demand Complementarity,” Journal of Monetary Economics,
Vol. 126, pp. 154-169. (3, 4, 21, 27, 28, 90]

BLANCHARD, OLIVIER J. (1985): “Debt, Deficits, and Finite Horizons,” Journal of Political
Economy, Vol. 93, pp. 223-247. [20]

BOLDRIN, MICHELE, LAWRENCE J. CHRISTIANO, AND JONAS D. M. FISHER (2001): “Habit
Persistence, Asset Returns, and the Business Cycle,” The American Economic Review, Vol.
91, p. 149166. [1]

BRAULT, JOSHUA AND HASHMAT KHAN (2022): “The Real Interest Rate Channel Is Struc-
tural in Contemporary New-Keynesian Models: A Note,” Journal of Money, Credit and
Banking, Vol. 54, pp. 1551-1563. [4]

BROER, TOBIAS, NIELS-JAKOB HARBO HANSEN, PER KRUSELL, AND ERIK OBERG (2020):
“The New Keynesian Transmission Mechanism: A Heterogeneous-Agent Perspective,”
The Review of Economic Studies, Vol. 87, pp. 77-101. [4]

BULLARD, JAMES AND KAUSHIK MITRA (2002): “Learning About Monetary Policy Rules,”
Journal of Monetary Economics, Vol. 49, pp. 1105-1129. [15, 54, 64]

CaLvo, GUILLERMO A. (1983): “Staggered Prices in a Utility-Maximizing Framework,”
Journal of Monetary Economics, Vol. 12, pp. 383-398. [6, 10, 11, 26]

CAMPBELL, JEFFREY R., JONAS D. M. FISHER, ALEJANDRO JUSTINIANO, AND LEONARDO
MELOSI (2017): “Forward Guidance and Macroeconomic Outcomes since the Financial
Crisis,” NBER Macroeconomics Annual, Vol. 31, pp. 283-357. [4]

CAMPBELL, JOHN Y. AND N. GREGORY MANKIW (1989): “Consumption, Income, and In-
terest Rates: Reinterpreting the Time Series Evidence,” NBER Macroeconomics Annual,
Vol. 4, pp. 185-216. [19]

37



(1991): “The Response of Consumption to Income: A Cross-Country Investiga-
tion,” European Economic Review, Vol. 35, pp. 723-756. [19]

CANTORE, CRISTIANO AND LUKAS B. FREUND (2021): “Workers, Capitalists, and the Gov-
ernment: Fiscal Policy and Income (Re)Distribution,” Journal of Monetary Economics,
Vol. 119, pp. 58-74. [4]

CHETTY, RAJ, ADAM GUREN, DAY MANOLI, AND ANDREA WEBER (2013): “Does Indivisible
Labor Explain the Difference between Micro and Macro Elasticities? A Meta-Analysis of
Extensive Margin Elasticities,” NBER Macroeconomics Annual, Vol. 27, pp. 1-56. [27, 28]

CHRISTIANO, LAWRENCE J. AND MARTIN EICHENBAUM (1992): “Current Real-Business-
Cycle Theories and Aggregate Labor-Market Fluctuations,” The American Economic Re-
view, Vol. 82, pp. 430-450. [28]

CHRISTIANO, LAWRENCE J., MARTIN EICHENBAUM, AND CHARLES L. EVANS (2005):
“Nominal Rigidities and the Dynamic Effects of a Shock to Monetary Policy,” Journal
of Political Economy, Vol. 113, pp. 1-45. [3, 4, 21, 27, 29]

CLARIDA, RICHARD, JORDI GALI, AND MARK GERTLER (2000): “Monetary Policy Rules and
Macroeconomic Stability: Evidence and Some Theory,” The Quarterly Journal of Eco-
nomics, Vol. 115, pp. 147-180. [35]

COLCIAGO, ANDREA (2011): “Rule-of-Thumb Consumers Meet Sticky Wages,” Journal of
Money, Credit and Banking, Vol. 43, pp. 325-353. [4, 26, 92]

DEBORTOLI, DAVIDE AND JORDI GALI (2024): “Heterogeneity and Aggregate Fluctuations:
Insights from TANK Models,” Working Paper 32557, National Bureau of Economic Re-
search. [4]

DEL NEGRO, MARCO, MARC P. GIANNONI, AND CHRISTINA PATTERSON (2023): “The For-
ward Guidance Puzzle,” Journal of Political Economy Macroeconomics, Vol. 1, pp. 43-79.
[4, 20, 80]

EGGERTSSON, GAUTI B., NEIL R. MEHROTRA, AND JACOB A. ROBBINS (2019): “A Model of
Secular Stagnation: Theory and Quantitative Evaluation,” American Economic Journal:
Macroeconomics, Vol. 11, pp. 1-48. [20]

ERCEG, CHRISTOPHER J., DALE W. HENDERSON, AND ANDREW T. LEVIN (2000): “Optimal
Monetary Policy with Staggered Wage and Price Contracts,” Journal of Monetary Eco-
nomics, Vol. 46, pp. 281-313. [4]

FARHI, EMMANUEL AND IVAN WERNING (2019): “Monetary Policy, Bounded Rationality,
and Incomplete Markets,” The American Economic Review, Vol. 109, pp. 3887-3928. [4]

FISHER, JONAS D.M. (2015): “On the Structural Interpretation of the SmetsWouters Risk
Premium Shock,” Journal of Money, Credit and Banking, Vol. 47, pp. 511-516. [6]

GABAIX, XAVIER (2014): “A Sparsity-Based Model of Bounded Rationality,” The Quarterly
Journal of Economics, Vol. 129, pp. 1661-1710. [24]

38



(2020): “A Behavioral New Keynesian Model,” The American Economic Review,
Vol. 110, pp. 2271-2327. [3, 4, 18, 20, 21, 24, 25, 28, 29, 56, 62, 79, 90]

GALI, JORDI (2015): “Monetary Policy, Inflation, and the Business Cycle - An Introduction
to the New Keynesian Framework,” Princeton University Press, 2nd edition. [1, 2, 3, 4, 5,
29, 48, 77, 89]

GALI, JORDI, J. DAVID LOPEZ-SALIDO, AND JAVIER VALLES (2007): “Understanding the
Effects of Government Spending on Consumption,” Journal of the European Economic
Association, Vol. 5, pp. 227-270. [4, 28]

GALLEGOS, JOSE-ELIAS (2024): “HANK beyond FIRE: Amplification, Forward Guidance,
and Belief Shocks,” Working Papers 2418, Banco de Espaiia. [4, 20]

HACK, LUKAS, KLODIANA ISTREFI, AND MATTHIAS MEIER (2024): “Identification of Sys-
tematic Monetary Policy,” Technical Report 973, Banque de France. [5]

HAGEDORN, MARCUS, JINFENG LUO, IOURII MANOVSKII, AND KURT MITMAN (2019a):
“Forward Guidance,” Journal of Monetary Economics, Vol. 102, pp. 1-23. [4]

HAGEDORN, MARCUS, IOURII MANOVSKII, AND KURT MITMAN (2019b): “The Fiscal Mul-
tiplier,” Working Paper 25571, National Bureau of Economic Research. [4]

HALL, ROBERT E. (1978): “Stochastic Implications of the Life Cycle-Permanent Income
Hypothesis: Theory and Evidence,” Journal of Political Economy, Vol. 86, pp. 971-987. [1,
2,9, 16]

HEATHCOTE, JONATHAN, KJETIL STORESLETTEN, AND GIOVANNI L. VIOLANTE (2010):
“The Macroeconomic Implications of Rising Wage Inequality in the United States,” Jour-
nal of Political Economy, Vol. 118, pp. 681-722. [27]

HOLDEN, ToM D. (2024): “Robust Real Rate Rules,” Econometrica, Vol. 92, pp. 1521-1551.
[16]

HOLM, MARTIN B., RUSTAM JAMILOV, MAREK JASINSKI, AND PLAMEN NENOV (2024): “Es-
timating the Elasticity of Intertemporal Substitution using Dividend Tax News Shocks,”
Discussion Papers 2415, Centre for Macroeconomics (CFM). [27, 33]

JAKOBSEN, KATRINE, KRISTIAN JAKOBSEN, HENRIK KLEVEN, AND GABRIEL ZUCMAN
(2020): “Wealth Taxation and Wealth Accumulation: Theory and Evidence From Den-
mark,” The Quarterly Journal of Economics, Vol. 135, pp. 329-388. [27, 33]

JERMANN, URBAN ]J. (1998): “Asset Pricing in Production Economies,” Journal of Mone-
tary Economics, Vol. 41, pp. 257-275. [28]

KAPLAN, GREG, BENJAMIN MOLL, AND GIOVANNI L. VIOLANTE (2018): “Monetary Policy
According to HANK,” The American Economic Review, Vol. 108, pp. 697-743. [4]

KAPLAN, GREG, GIOVANNI L. VIOLANTE, AND JUSTIN WEIDNER (2014): “The Wealthy
Hand-to-Mouth,” Brookings Papers on Economic Activity, Vol. 1, pp. 77-153. [27, 28]

39



KING, ROBERT, CHARLES PLOSSER, AND SERGIO REBELO (1988): “Production, growth and
business cycles: I. The basic neoclassical model,” Journal of Monetary Economics, Vol.
21, pp. 195-232. [1]

KING, ROBERT AND SERGIO REBELO (1999): “Chapter 14 Resuscitating real business cy-
cles,” in Handbook of Macroeconomics, Vol. 1 Elsevier, pp. 927-1007. [1]

KRUSELL, PER, TOSHIHIKO MUKOYAMA, AND ANTHONY A. SMITH (2011): “Asset Prices in
a Huggett Economy,” Journal of Economic Theory, Vol. 146, pp. 812-844. [24]

KYDLAND, FINN E. AND EDWARD C. PRESCOTT (1982): “Time to Build and Aggregate Fluc-
tuations,” Econometrica, Vol. 50, pp. 1345-1370. [1]

LASALLE, JOSEPH P. (1986): “The Stability and Control of Discrete Processes,” Applied
Mathematical Science, Vol. 62, Springer, New York. [66]

LucAs, ROBERT JrR (1976): “Econometric policy evaluation: A critique,” Carnegie-
Rochester Conference Series on Public Policy, Vol. 1, pp. 19-46. [1]

McKaAY, ALISDAIR, EMI NAKAMURA, AND JON STEINSSON (2016): “The Power of Forward
Guidance Revisited,” The American Economic Review, Vol. 106, pp. 3133-3158. [4]

McKAY, ALISDAIR AND CHRISTIAN K. WOLF (2023): “What Can Time-Series Regressions
Tell Us About Policy Counterfactuals?” Econometrica, Vol. 91, pp. 1695-1725. [5]

MEICHTRY, PASCAL (2023): “Sticky Information, Heterogeneity, and Aggregate Demand,”
mimeo, Université de Lausanne. [4, 20]

MICHAILLAT, PASCAL AND EMMANUEL SAEZ (2021): “Resolving New Keynesian Anoma-
lies with Wealth in the Utility Function,” The Review of Economics and Statistics, Vol. 103,
pp. 197-215. [4, 19, 78]

PFAUTI, OLIVER AND FABIAN SEYRICH (2023): “A Behavioral Heterogeneous Agent New
Keynesian Model,” mimeo, University of Texas at Austin. [4, 20, 29]

RAVENNA, FEDERICO AND CARL E. WALSH (2006): “Optimal Monetary Policy with the
Cost Channel,” Journal of Monetary Economics, Vol. 53, pp. 199-216. [4]

RAVN, MORTEN O. AND VINCENT STERK (2020): “Macroeconomic Fluctuations with
HANK & SAM: An Analytical Approach,” Journal of the European Economic Association,
Vol. 19, pp. 1162-1202. [4]

ROTEMBERG, JULIO J. (1982): “Sticky Prices in the United States,” Journal of Political
Economy, Vol. 90, pp. 1187-1211. [6, 10, 11]

RUPERT, PETER AND ROMAN SUSTEK (2019): “On the Mechanics of New-Keynesian Mod-
els,” Journal of Monetary Economics, Vol. 102, pp. 53-69. [3, 4, 16]

SARGENT, THOMAS (1978): “Estimation of Dynamic Labor Demand Schedules under Ra-
tional Expectations,” Journal of Political Economy, Vol. 86, pp. 1009-44. [1]

SMETS, FRANK AND RAF WOUTERS (2003): “An Estimated Dynamic Stochastic General
Equilibrium Model of the Euro Area,” Journal of the European Economic Association, Vol.
1, pp. 1123-1175. [4]

40



(2007): “Shocks and Frictions in US Business Cycles: A Bayesian DSGE Ap-
proach,” The American Economic Review, Vol. 97, pp. 586-606. [4, 6, 28, 29]

SuRrico, PAOLO (2008): “The Cost Channel of Monetary Policy and Indeterminacy,”
Macroeconomic Dynamics, Vol. 12, pp. 724-735. [4, 62]

TAYLOR, JOHN B. (1993): “Discretion Versus Policy Rules in Practice,” Carnegie-Rochester
Conference Series on Public Policy, Vol. 39, pp. 195-214. [6, 7]

WERNING, IVAN (2015): “Incomplete Markets and Aggregate Demand,” Working Paper
21448, National Bureau of Economic Research. [4, 33]

WOODFORD, MICHAEL (2003): “Interest and Prices: Foundations of a Theory of Monetary
Policy,” Princeton University Press, 1st edition. [1, 4, 5]

YAARI, MENAHEM E. (1965): “Uncertain Lifetime, Life Insurance, and the Theory of the
Consumer,” The Review of Economic Studies, Vol. 32, pp. 137-150. [20]

41



ONLINE APPENDIX (NOT FOR PUBLICATION)

The Power of Persistence

How Demand Shocks and Monetary Policy Shape Macroeconomic Outcomes

The Online Appendix consist of two main parts: first, the Analytical Appendix A that
contains proofs and derivations of the analytical insights; second, the Quantitative Ap-
pendix B that provides additional results to the quantitative model.

Specifically, Appendix A.1 contains the RANK model, Appendix A.2 the general New
Keynesian model, Appendix A.3 the extension with a cost channel of monetary policy,
Appendix A.4 provides formal results towards a structural interpretation of the general
NK model, Appendix A.5 contains further analytical characterizations, and Appendix A.6
some numerical results derived from the analytical model. Regarding the Quantitative
Appendix, Appendix B.1 provides determinacy regions of various model variants, Ap-
pendix B.2 provides all impulse response function to our baseline calibration, and Ap-
pendix B.3 contains a complete overview over the various monetary regimes.

APPENDIX A: Analytical Appendix
A.1 Representative Agent New Keynesian Model

Subsequently, we provide derivations with a contemporaneous Taylor rule that reacts to
inflation and output, i.e., it = 7 + ¢ 7 + ¢y y:. The expressions in the main body of the
text are obtained by setting ¢, = 0.

A.1.1 Proof Proposition 1

PROOF. Substituting the Taylor rule into the DIS equation (1) results in

(14 ¢y)yt =Et [ys+1] + B¢ [me41] — dnmme + &t -

We guess and verify that the solution takes the form y; = M, and 7y = M <&, such that
the previous equation together with the NKPC can be rewritten as
(1+¢y_p)My:_(¢7r_P)M7r+17
(1= Bp) Mz =ryM, .

Substituting the latter into the former equation gives us

Ry

(1+¢y_p)My:_(¢ﬂ'_P)1_ﬁp

My+1,

which finally yields

1—-8p

My = (14 ¢y —p) (1= Bp) + (dr — p) Ky

>0.
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The impact multipliers for inflation, the nominal interest rate, and the real interest rate
then follow by

Ky

M= 0, = (A= 69 + Gr =Py
o ¢7r/fy+¢y (1_/8/))

MZ_(1+¢y—p)(1—ﬂp)+(¢w—p)ﬁy 0

M, = (¢W—P)5y+¢y(1_ﬁp) >0,

(L+ ¢y —p) (1= Bp) + (¢ — p) Ky
where the sign of M,. follows from the Taylor principle (¢ — 1)k, + ¢y (1 — 3) >0, i.e,,
sgn (M) = (¢r — p) Ky + &y (1 = Bp) = (¢r — D)ry + dy(1 — B) + (ky + By )(1 = p) > 0.

O
A.1.2 Proof Proposition 2

ProOOF. Taking the derivative of M, with respect to p yields

OMy _ =Bl +dy —p) (1 = Bp) + (¢ = p) ky] + (1 = Bp) [(1 = Bp) + B+ 6y = p) + 1y]
p [(1+ ¢y — p) (1= Bp) + (6 — p) 1iy)

Defining x = (1 + ¢, — p) (1 — Bp) + (¢x — p) Ky, the previous expression simplifies to

20M,

5y~ B0)" 4 (1= By

As aresult, the sign of the previous expression is determined by a second order polyno-
mial in pg, i.e.,

sgn (6/8\/1/)3,> =ap® +bp+ec,
where the auxiliary parameters are given by

a=p%, b=-28, c=1+(1—Box)ry.
The corresponding roots are

L —bEVA
P
a

where the discriminant A = b? — 4ac is given by
A =46 — 452 [L+ (1 = Bér)ry] = 48° (Bdr — L)y .

Consequently, the following case distinction applies. First, ¢, < 37! implies A < 0 and
the second order polynomial has two distinct complex roots. Second, ¢, = 3~! implies
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A =0 and the second order polynomial has a unique real root that is given by —% =
=% > 1. Third, ¢, > 8! implies that the second order polynomial has two real-valued
roots that are given by

26 £1/46%(Bdr — 1)k
S o (I RS Y Y e §

Evidently, p* > 1 as 8 € (0,1) and ¢, > 3~ such that the only feasible candidate on
pe(0,1)is

p

pr=p =p" <1 =/ (Bor — 1)f<~'y) :
Notice that p* € (0,1) if ¢ _ < ¢ < ¢, where we have

o =B (1+(1-8)%k, "), and ¢, =8""(1+x,") .

As f(p) = ap® + bp + c is a strictly convex function in p, statement (b) of Proposition 2
follows.
To show statement (a) of Proposition 2, notice that sgn (83\2”) is strictly decreasing

in ¢. Hence, substituting in the lower bound Qw, we obtain

B)
sgn( g;ly)mqbw =B%p% =2Bp+1+ (1= B¢ )ry = (1= Bp)* = (1= 5)*>0,

where the last inequality applies as p € [0, 1). As aresult, we have ag;ty >0forallg, < ¢ .

Finally, to show statement (c) we analogously substitute in for the upper bound ¢,
to obtain

a J—
Sgn < /a\:)ly) gz =520 = 2Bp+ 1+ (1= By )ry = Bp[Bp—2] <0

where the last inequality applies as p € [0,1). Notice that the previous inequality is strict
for p > 0. As a result, we have 8/8\:9 < 0forall ¢, > gﬂ. O

A.1.3 Proof Proposition 3

PROOF. Recall that the impact multiplier of the real interest rate is given by

(¢ —p) iy + ¢y (1 — Bp)
(1+¢y—P)(1—BP)+(¢w—P)“y '

As before, defining x = (1 + ¢y — p) (1 — Bp) + (¢ — p) Ky, We Obtain

Mr:

oM,
dp

z? = — (ky + Boy) (14 by — p) (1 = Bp) + (dr — p) Ky]
n ((1ﬂp)+ﬁ(1+¢yp)+ﬂy) (6 — p) iy + 6y (1 )] -
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The previous expression can be further simplified to

2?2 =k (6 — p) [L+ B = 28] = iy (L+ 6y — p) (1= Bp) + &y (1= Bp) (1= Bp) + 5y ] -
Collecting terms in ¢,, yields

22 32;17“ —éy (L Bp) + iy ([1 +8—28p] (dr —p) = (L=p) (1 - 5’”)

6y (1 - Bp)” +fey([1+ﬁzﬁp}¢ﬂ [+ B-2B0lp- 1 6pp+5p2]>
=6y (1— Bp)* + Ky ([1 +B8—=2Bp]¢px — 1+ ﬁp2> :
As a result, we obtain

oM. ¢y(1—ﬁp)2+ﬁy<[1+ﬂ—2ﬁp]¢w—1+sz>

ap 1,‘2

Let us denote the numerator of the previous expression by f(p). Note that f(p) is a sec-
ond order polynomial in p, i.e., f(p) = ap® + bp + ¢, where

a:ﬂ(ﬂgbijﬁy) 9
b=—20(¢y + Prky) ,
c=(Bor — 1) ky + ¢y + Py .

Notice that we obtain

lim f(p):¢y+(¢7r_1)’€y+5¢wfiy:¢y(1_5)+(¢W_1)5y+5(¢y+¢ﬂﬁy)>Oa

p—0

;i_)mlf(/))=(1 = B)[oy(1 = B) + (¢x — 1) Ky] >0,

where the signs are ensured by the Taylor principle and the restriction that ¢ and ¢, are
non-negative parameters. Consider now the following case distinction and let A denote

the discriminant of f(p). First, if A <0, then f(p) does not change its sign on p € [0, 1),

ie., aé‘;‘” > 0 applies throughout. Second, if A = 0, the unique root of f(p) is given by

%’;T% > 1, where the strict inequality follows in turn from the Taylor principle. As

such, aé\;u > 0 applies throughout. Third, if A > 0, both distinct real roots of f(p) are

characterized by

+— 2B (¢y + brty) £ \/4/32 (¢y + ¢7r"‘fy)2 —AB (Bdy + ky) [(Bodr — 1) kiy + (¢ + drky)]
T 28 (Béy + ry)

\/(¢y +bnhy)” = BBy + ky) [by + drry — (1= Bor) Ky -

_ ¢y + ¢7r"‘fy
,6¢y +l‘<§y B(by +:‘ﬂ}y
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Notice that p* > 1 by the Taylor principle and A > 0. Moreover, we have p~ > 1 as well if

(1= B)y + (6 — Dy)® > (dy + drriy)? — B~ (Boy + k) [by + bty — (1 — Box) Ky
[0y + briy — (Boy +hy)]° > (by + drriy)” — BT (Boy + ky) [by + bry — (1= Bor) iy
& =2y + Prry) (Bby + ky) + By + ry)? > =B~ (Bdy + ry) by + dnry — (1= Bor) Ky
S(Bdy + ky) [Boy + ry — 2y + drky) + B by + drky — (1= Béx) Kyl] >0
S(Boy +ry) (B~ = 1) [8y(1 = B) + (dr — 1)y >0,

which is satisfied throughout as 5 € [0,1) and the Taylor principle holds. As a result, we
have that that both roots are strictly larger than unity. Also, recognize that f(p) is strictly
decreasingin p on p € [0,1) as 23 (¢, (Bp — 1) + ky(p — ¢=)] < 0. As aresult, ag‘;‘* > 0 ap-
plies throughout. Combined with the previous result, the real interest rate thus strictly
increases in the persistence of a DIS-demand shock. O

A.1.4 Proof Corollary 1

PRrROOF. To begin with, it follows from the regime thresholds of Proposition 2 that

2-p

Ky

Ar=¢r—0¢_ =B (1+r,") =B (1+(1-8)k, ") =

As a result, we obtain

Oy
oA, 2-8 on, T tC=BGs
. =3 and 38— 5 .

Ky Ky I} Ky

In the case of Rotemberg pricing, we have 2 S 7 =0. Contrary, in the case of Calvo pricing,

we obtain 667 = —@m such that
oK
OA, “y+(2 /B) y _ 1-(2-8) 1,959 _ (1-86)—(2—B)6 . 1-20
o — Kjg - Koy o Ky (1—80) T ky(1—p96) -
As aresult,
. 0Az > > 1
31gn<86> =0 « 925.
O
A.1.5 Proof Proposition 4
PROOF. Proposition 4 follows by comparing
1 1-8
lim M ———— and lim M, = ,
p—0 v 1+¢’y+¢7r”€y p—1 Y ¢y(1_ﬂ)+(¢w_1>’§y
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where lim M, > lim M, appliesif ¢, > 3~! (1+ (1 — 8)x, '), where the right hand side
p—0 p—1

is strictly larger than ¢_ and strictly smaller than ¢.,.. This concludes the proof. O
A.1.6 Proof Proposition 5

PROOF. The proof follows the same steps as the ones of Propositions 1 and 2. Specifi-
cally, using the MOUC we obtain the impact multipliers for output (M, (p,)) and infla-
tion (M (p,)) as indicated in the main text. Statement () follows then from

aMy _ (1 - BPV)(QSW - 1) + (d)ﬂ' - Pu)ﬁ(l - Pu) <0

3w (1= pu)(L = Bpw) + (dn — po )yl

where the sign is determined by the Taylor principle. To show statement (b), note that

oMz B(1— pl,)2 + ky 1= py — (or — pu)] .

Oy [(1—pu)(1 = Bpy) + (6r — pu)kiy)?

As aresult, the sign of the previous expression is determined by a second order polyno-
mialin p,, i.e.,

sgn OMo =ap> +bp, +c
g 8pu - py pV 9

where the auxiliary parameters are given by
a=j, =-28, c=F+(1—¢r)ky.
The corresponding roots are

o _ —bEVA

v 2a

where the discriminant A = b? — 4ac is given by

A =452 —4B[B+ (1 = ¢n)ry] = 4B(dr — DAy -

Consequently, the following case distinction applies. First, ¢ < 1 implies A < 0 and the
second order polynomial has two distinct complex roots. Second, ¢, = 1 implies A =0
and the second order polynomial has a unique real root that is given by —% = 1. Third,
¢r > 1 implies that the second order polynomial has two real-valued roots:

I L (7

pV 25 B

Evidently, p;7 > 1 as ¢, > 1 such that the only feasible candidate on p, € (0,1) is

P 1
oy =py =1 LDy 3 Sy
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Note that p;, € (0,1) if ¢_ < ¢ < ¢, where we have

¢ =1, and Eﬂzl—l-ﬁ.
o Ky

As f(py) = ap? + bp, + cis strictly convex in p,, statement (b.1) of Proposition 5 follows.

OMx

Finally, to show statement (b.2) note that sgn( e

) strictly decreases in ¢,. We

then substitute in for the upper bound ¢,. to obtain

oM _
sgn | —— ||y —5 = Bpi —28pu + B+ (1= )y = Bpu [py —2] <0
0py T=%x
where the last inequality applies as p,, € [0,1). Notice that the previous inequality is strict
for p, > 0. As aresult, we have 86/‘/‘7: <0forall ¢ > ¢,.
O

A.1.7 Proof of Proposition 6

PROOF. Subsequently, we provide derivations with a contemporaneous Taylor rule that
reacts to inflation and output, i.e., iy = 7+ ¢ 7 + ¢ y;. The expressions in the main body
of the text are obtained by setting ¢, = 0. Under logarithmic preferences, the impact
multiplier for output and inflation are derived in Gali (2015) and given by

My =1 (1 = pa)(1 = Bpa) _ (1= Bpa)dy + kiy(dx — pa)

[1 — Pa+ (vby] (1 - ﬁpa) + ‘%y(d)w - Pa) [1 — Pa+ ¢y] (1 - Bpa) +5y(¢7r - Pa) ’
1—pa
VL= pa + 0y] (L= Bpa) + iy (br — pa)

Mﬂ':_

To begin with, we show Statement (a). Defining the auxiliary variable z = [1 — p, + ¢y ] (1 —
Bpa) + ry(éx — pa) and taking the comparative static with respect to the persistence p,
yields

Jj2 aMy _

ol == (B, + ) (L= pa -+ 04)(L = Bpa) + 1y (6 = po)]

+ (5(1 = Pa + ¢y) + (1= Bpa) + "Ey> [(1 - ﬂpa)(f’y + “y(ﬁbfr - Pa)] .

Collecting terms simplifies the previous expression to

2 OMy _

9pa (1- ﬁpa){(l - Bpa)(by + ”y(d)ﬂ — pa) — (ﬁ¢y + ﬁy)(l —Pa+ ¢y)}

+ (ﬂ(by + ﬁy){(l - 5Pa>¢y + “y(@r - pa) - ’iy(¢7r - Pa)}
80 pa>{<1 — Bpa)by + iy pa>},
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which can be further simplified to

2OMy

ap (1 Bpa)d)y{l */BpaJFBd)yJF":y +B(1 = pa) — B(1 7Pa+¢y) ﬁy}

+ ’%y{ﬁ(l - pa)(¢7r - pa) + (1 - Bpa)(d)w - Pa) - (1 - pa)<1 - 5@1)} .

The previous equation can be rewritten to

2 OMy

R (1= Bpa)?y + tiy(dr — 1){1 — Bpa+B(1 - pa)} + iy B(L— pa)? .

Recall that the equilibrium is locally determinate under (1 — )¢, + £y (¢~ — 1) > 0 such
that we have

sgn <8§:y> = (1= Bpa)dy + riy(dr — 1){1 — Bpa + B(1 —Pa)} +yB(1 = pa)?

a

> (1 - 5Pa)2¢y - (1 - ﬂ)¢y{1 — Bpa JFB(l - Pa)} + ﬁyﬁ(l - pa)2

:¢y{<1 ~ Bpa) (1 ~Bpa-BQL —m)) (1 ~Bpa+ 801 —pa>) } Ty (1~ pa)?

= (¢yB+ry)B(1 - Pa)2
>0,

which shows that the impact output multiplier monotonously increases in p,.
To prove Statement (b), the derivative of M, with respect to p, yields

2 M

o=y { (1=t 6,10~ Bpa) + 1y 6 ) ) = (1= ) (B0 pa ) + (1= ) 4, ) |

= Ky{(l — Bpa)dy + ky(dr — pa) — (1 *pa)(ﬂ(l — pa + by) +Hy)}
:Ky{—ﬁ(l = pa)® + (1= B)by + iy (¢r — 1)} ~

As aresult, the sign of the previous expression is determined by a second order polyno-
mial in p,, i.e.,

sgn OMx =ap? +bpg +c
g apa - pa pCL )
where the auxiliary parameters are given by
a=-0F, b=20, c=-F+(1—-P)dy+ry(dr—1).
The corresponding roots are

fo_—bEVA

@ 2a
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where the discriminant A = b? — 4ac is given by

A =45 —4(=) [-B+ (1= B)dy + y(dn — 1)] = 4B[(1 = B)¢y + ry(dr —1)] .

Consequently, A > 0 holds by the determinacy condition and the second order polyno-
mial has two real-valued roots that are given by

(o TBEVBIO B0y (-] \/(1 ~ B)oy + ry(ér — 1)
Pa, - _25 - B .

Evidently, p; > 1 holds by the determinacy condition, i.e., the only feasible candidate
on p, € (0,1) is

«_ — 1 (1=B)¢y + ry(or — 1)
pa—pa_l \/ B :

Note that p} € (0,1) if 0 < (1 — B)¢y + ky(dr — 1) < 3, which is equivalent to ¢ < ¢,
where

5—(1—5)%_

¢, =1
e

As f(pa) = ap? +bp, + cis a strictly concave function in p,, statement (b.1) of Proposition
6 follows. To show statement (b.2), notice that (1 — 3)¢y + £y (¢ — 1) > B implies

sgn <8<9A:7T> = f(pa) = =B(1 = pa)® + (1 = B)y + ky(dr — 1)

>p [1 - (1 _pa>2]

- )

where the last inequality applies as p, € [0,1) and is strict for p, > 0. As a result, we have

ag‘;‘a" > 0 for all parameter combinations characterized by (1 — )¢, +ky (¢ —1) > 5. O

A.1.8 Proof Proposition 7 To begin with, we offer a full statement of the Proposition 7.
Specifically, under a forward-looking Taylor rule, three sub-cases arise depending on the
aggressiveness of inflation and output feedback, i.e., the following proposition comple-
ments statement (b) in the main text by two sub-cases, (b.2) ¢ =1 and (b.3) 0 < ¢ < 1.
Overall, a forward-looking Taylor behaves similar to a contemporaneous rule if inflation
feedback is sufficiently strong and output feedback sufficiently moderate.

PROPOSITION 10. The following results apply.

(a) Assume the monetary authorities react to both the current inflation rate and the
current output gap, i.e. iy =T + ¢r T + ¢yyt, Proposition 2 continues to hold identi-
cally.
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(b) Assume the monetary authorities react to the one-step ahead expected inflation and
output gap, i.e. iy =T + ¢z E¢ [mi41] + ¢yEt [y1+1]. The subsequent case distinction
applies.

(b.1) Consider the case ¢, > 1:

* If0 < ¢, <min{l,2 — ‘1’1’;_ 7 Ky}, there exist two reglme thresholds given by
¢ _=14+(1-¢,)(1-5)*ky ! and ¢, =1+ (1—¢y)k, " such that therelation-
ship between the output impact multiplier and the degree of persistence (i) is
increasing if o < ¢ _, (ii) is decreasing if o > ¢.., and (iii) displays a hump-

shaped pattern if ¢ < ¢r < ¢... In this latter case, the degree of persistence

that maximizes the output multiplier is given by p* = 371 (1 ¢”;1 ny)

o If1<¢, <min{l+ 5712~ ‘z’l’;ﬁ ky}, only the upper regime survives and
the output multiplier decreases monotonically with p.

(b.2) Consider the case ¢, = 1:
* If0 < ¢, < 1, the output multiplier increases monotonously in p.
* If¢, =1, the output multiplier is constant as p is varied.
* If1 < ¢, <2, the output multiplier decreases monotonously in p.

(b.3) Consider the case0 < ¢, < 1:

o If 1{_%” Ky < ¢y <min{l,1+471,2— ¢1ﬂ+6 Ky} applies, the output multiplier
increases monotonously in p.

e Ifmax{l, %ny} < ¢y <min{l+ 72— qbl’grﬁ ky}, there exist two regime
thresholds givenby ¢ =1+ (1 — %)n;l and ¢, =1+ (1—¢,)(1—B)%k, "
such that the relationship between the output impact multiplier and the de-
gree of persistence (i) is increasing if o= < ¢_, (ii) is decreasing if ¢ > Do
and (iii) displays a u-shaped pattern if ¢ < ¢ < ¢,.. In this latter case,
the degree of persistence that minimizes the output multiplier is given by

p* :B—l (1 _ ¢7‘r¢ Hy)

(c) Assume the monetary authorities follow a real interest rate rule, i.e. iy = ry +
E¢ [m¢+1], where r = 7. Then, only the lower monetary policy regime survives and
the output impact multiplier increases monotonically with p.

To begin with, consider the case ¢, = 1. There are three sub-cases. First, if 0 < ¢, < 1,
the output multiplier monotonously increases in persistence. This is the case as the
income expectation channel is positive and dominates the real interest rate channel.
Second, if ¢, = 1 applies, the partial equilibrium income expectation channel and the
output feedback in the monetary policy rule offset each other, implying that output is
constant in persistence. Third, if 1 < ¢, < 2, the output multiplier monotonously de-
creases in persistence. This is the case as the income expectation channel is negative
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and enforces the real interest rate channel. Notice that fixing the output feedback ¢, = 1
is highly pedagogical as it allows us to isolate and link output as well as the real interest
rate response to the magnitude of inflation feedback ¢, in a more transparent man-
ner. Specifically, if ¢, < 1 holds, output increases monotonously in p as either the real
interest rate falls in p or the general equilibrium income expectation effect dominates
the rise in real interest rates. Moreover, if additionally ¢, = 1 holds, the overall income
expectation and the real interest channel eliminate each other such that output is con-
stant. Finally, if ¢ > 1 applies, output falls in p as either the real interest rate increases
in p or the general equilibrium income expectation effect overcompensates for the fall
in the real interest rate.

Second, consider the case (b.3), in which inflation feedback is moderate, i.e., 0 <
¢r < 1. If additionally output feedback is moderate, i.e., %ny < ¢y < min{l,1 +
1,2 — ‘z’l":ﬁl Ky}, output increases monotonously in p. This is the case, as the in-
come expectation channel and the real interest rate channel move in the same direc-
tion. In contrast, if output feedback is sufficiently strong, i.e., max{1, %Hy} < @y <

min{l + 71,2 — 4’1"__51 Ky}, the income expectation channel flips sign and we obtain
three regimes: output increases monotonously in p for ¢, < ¢ _, is u-shaped in p for
¢ < Ox <o, and decreases monotonously in p for ¢, > ¢... The u-shaped regime arises
from two opposing channels: the income expectation channel now decreases output
for higher persistence values, while the real interest rate channel increases output for
higher persistence values. As such, the real interest rate channel dominates the income
expectation channel for ¢, < ¢_,» whereas the income expectation channel dominates
the real interest channel for ¢, > ¢,.. We illustrate local determinacy properties and the
monetary policy regimes for statement (b) of Proposition 7 in Figure A.1.

PROOF. Subsequently, we proceed by case distinction.
Statement (a): The proof of statement (a) is contained in the proof of Proposition 2.

Statement (b): To prove statement (b) we proceed in three steps. First, we derive the out-
put impact multiplier. Second, we provide determinacy conditions. Third, we conduct a
case distinction.

Impact Multiplier. Substituting the forward-looking Taylor rule into the DIS equation (1)
results in

Yt = (1= ¢y)Et [yt41] — (pr — 1) Et [me41] +&¢ -

As before, we guess and verify that the solution takes the form y; = M, §; and 7y = Mz &,
such that the previous equation together with the NKPC can be rewritten as

(1= (1 =¢y)pl My =—(¢r —1) pMz +1,
(1= Bp) My =kyM, .
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FIGURE A.1. Determinacy and Monetary Policy Regimes under a Forward-Looking Taylor Rule

by

feasing

decreasing

¢7r =1 ?7\' $ﬂ ¢7r

Legend: [ not determinate [] decreasing regime [ increasing regime [] intermediate regime

Substituting the latter into the former equation gives us

1= (1= ¢y)pl My =— (¢ — 1) 1“}gpMy+1,

which finally yields

_ 1-5p
[1—(1—=9y)pl (1= Bp) + ky(dr —1)p

The impact output multiplier is strictly positive as the denominator MZ can be rewritten
as follows

My >0.

M= (1=p)1=Bp)+ pldy(L — Bp) + kiy(dr — 1)]
= (L= )1 B9) + plby (1 — 8) + 1y (Bx — 1) + By5(1 — )] >0

where the strictly inequality is due to the determinacy condition ¢, (1 — 3) + Ky (¢ — 1) >
0. The impact multipliers for inflation, the nominal interest rate, and the real interest
rate then follow by

_ Ry
M = T =607 (= Bp) T rg(fr —Dp
o plonky + ¢y (1= Bp)]
Mi = 00,09 (1= B0) + rg(om —1)p =
M, P[(¢w - 1)“y+¢y (1_5P)] >0

T (1= )Pl (1 Bp) + kiy(dn —1)p =
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where the sign of M., in turn, follows from a similar reasoning as above, i.e., (1 — 8)¢, +
(¢x — 1)Ky > 0, with strict inequality for p > 0.

Determinacy. Following Proposition 4 on page 1121 in Bullard and Mitra (2002), we sum-
marize local equilibrium determinacy conditions for a model with a forward-looking
monetary policy rule in Lemma 1.

LEMMA 1 (BULLARD AND MITRA (2002)). Under interest rate rules with forward expecta-
tions, the necessary and sufficient conditions for a rational expectations equilibrium to be
unique are

Gy <1471, (D1)
Ky(pr — 1)+ (1+ B)py <2(1+B), (D2)
Ky(pr — 1)+ (1= B)py >0. (D3)

Comparative Statics. Defining x = [1 — (1 — ¢)p] (1 — Bp) + ky(¢r — 1)p and taking the
derivative of M, with respect to p yields

3?28'2/1[)74 = —B([l — (1= oy)pl (1 = Bp) + ky(Pr — 1)p)

— (=9~ - )-89~ 81— (L= 0,)d+ mfon—1))

which can be simplified to

5, = (L= 60) (1= B0 — iy (0~ 1).

As aresult, the sign of the previous expression is determined by a second order polyno-
mial in p, i.e.,

OMy\ o
Sgn(ap>—a,0 +bp—|—c,

where the auxiliary parameters are given by

(1_¢y)527 b5_2(1_¢y)57 and 051_¢y_“y(¢ﬂ'_1)~

a
The corresponding roots are

L —bEVA
P
a

where the discriminant A = b? — 4ac is given by
A=4(1- ¢y>252 —4(1- ¢y)52 [1— ¢y — ky(dr —1)] = 452“@/((% — 11 —gy).
From here we proceed by case distinction:
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1. First, consider the case ¢, > 1. In this case (D1)-(D3) imply that the model is locally

determinate iff 0 < ¢, < min{1+ 31,2~ ‘151’; 51 ky }. To begin with, consider the sub-

case in which 0 < ¢, < min{1,2— ¢1+B ky} suchthat A > 0,a > 0,and b < 0. Assuch,
the second order polynomial has two real-valued roots that are given by

L e L R (1 y o1 ) |

’ 21— 6y) 52 1=y

Evidently, p™ > 1 as 8 € (0,1) and ¢, > 1 such that the only feasible candidate on

p€(0,1)is
— — 71'_1
p*Ep£ -7 1<1_ (f_@;ﬁy).

Notice that p* € (0,1)if ¢ < ¢ < ¢.., where we have

o =1+ (1—¢,)(1-B)%k, ", and G, =1+ (1—¢y)s,"

As f(p) = ap? + bp + c is a strictly convex function in p, the first part of statement
(b.1) follows. As before, note that sgn (83\;9) is strictly decreasing in ¢,. Hence,

substituting in the lower bound Qw, we obtain

s (22801, = (1= 00) [0 P~ 1= 970,

where the last inequality applies as p € [0,1). As a resulE we have ag\;ty > 0 for all
¢ < ¢_. Similarly, we substitute in for the upper bound ¢, to obtain

oM
sgn (8’}> ooz = (1= ) [8%0% —280] = (1~ 6)Bp[8p — 2 <0

where the last inequality applies as p € [0,1). Notice that the previous inequality is
> ¢_. This completes the derivation of the

first part of statement (b.1).

To show the second part of statement (b.1), consider the sub-case in which 1 <
¢y <min{l+ 5712~ 45116 Ky} such that A <0,a<0,b>0, and ¢ < 0. As such, the
second order polynomlal is strictly negative on p € [0,1).

2. Second, consider the case ¢, = 1. In this case (D1)-(D3) imply that the model is

locally determinate iff 0 < ¢, < 2. Three sub-cases arise: first, if 0 < ¢, < 1, we have

%\Ay > 0; second, if ¢, = 1, we have %\27’ = 0; and third, if 1 < ¢, < 2, we have

8./\/ly

<0.

3. Finally, consider the case O < ¢ < 1. In this case (D1)-(D3) imply that the model
is locally determinate iff % d)“ Kyt < ¢y <min{l + 6 L4 1= 5 = i,y }. There arise,

in turn, two sub-cases. Flrst if addltlonally 1= ¢” V< ¢y, <min{l,1 + 5712+
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%my} applies, we have 8329 > 0. Second, if additionally max{1, 11__‘1/5; Ky 1<

¢y <min{l + 5712 + 11;‘1/)67\' %y} applies, we have A >0, a <0, b> 0, and f(p) =

sgn (ag;t y) = ap? + bp + cis strictly concave and has two real-valued roots that are

w1
o= =1 <1i ‘f_qbyny) :

Evidently, p™ > 1 as 8 € (0,1), 0 < ¢ < 1, and ¢y > 1 such that the only feasible
candidate on p¢ € (0,1) is

=1
pr=p; =" <1— f_%ffy) :

Note that p* € (0,1) if ¢_ < ¢ < ¢, where we have

given by

¢

—Tr

=1+ (1—¢y)k, ", and ¢ =1+ (1—¢,)(1-B)%k,".

As f(p) is a strictly concave function in p, the second part of statement (b.3) follows.
As before, note that sgn ( 3?;2"’ ) is strictly decreasing in ¢ . Substituting in the lower
bound ¢_, we thus get

)
" < sz) l6n=0_=(1—dy)Bp[Bp—2]>0

where the last inequality applies as p € [0,1). Note that the previous inequality is
strict for p > 0. As a result, we have %\;y > 0 for all ¢ < Qﬂ. Similarly, we substitute

in for the upper bound ¢, and finally obtain
oM
e <8py> ooz, = (1= 6,) [(1=Bp)* = (1= B)*] <0,

where the last inequality applies as p € [0,1). As a result, we have 6%\;17, < 0 for all
¢ > ¢_. This completes the derivation of statement (b.3).

Statement (c): Under a real interest rate rule, the impact output multiplier is given by
M, = (1 - p)~!, which is monotonously increasing in p. O

A.2 General New Keynesian Model

A.2.1 Proof Proposition 8

PROOF. We proceed in three steps.

Determinacy. For a derivation of the determinacy condition, see, for instance, Proposi-
tion 3 in Gabaix (2020), respectively Proposition 1 in Bilbiie (Forthcoming).
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Multipliers. Substituting the Taylor rule (16) into the DIS equation (14) results in

(1 4+ dyCr)ye = CrEe [ye1] + G By [meg1] — Gropnmme + &4 -

As before, we guess and verify that the solution takes the form y; = M ¢; and 7y = M7 &,
such that the previous equation together with the NKPC can be rewritten as

(1 +¢y<r _PCf) My =—Cr (¢71' _P)Mw +1,
(1= Bpp) Mz =ryMy.

Substituting the latter into the former equation gives us

K
(L 0yGr = ply) My = =G (9r = p) 75 My + 1,
which finally yields
1—
M, = Bsp

(1—5]”[)) (1+¢y<r—l)<f) + (¢ _p)CT"‘Jy .

From the previous equation the impact multipliers for inflation, the nominal as well as
the real interest rate follow recursively, as provided in the main text.

Sign. To determine the sign of the multipliers, we derive a reduced form system of output
and inflation dynamics of the following form

v\ Et [ys+1]
<7’l’t> =Ar (Et [7rt+1}> +Bré,

_ 1 Cr Cr(1— érBy)
_1+¢y<r+¢7r4r“y Cf’fy /Bf (1+¢y<r)+Cr’fy ’

where

Ap

_ 1 1
BTl+%Q+¢&M@<@>'

Using the fact that E; [y;41] = py: and Eq [m¢41] = p7¢ hold on the equilibrium path, we
can write

<yt> = (I - pA7) ' Br&

Tt
_ 1 1—pAza pAi2
- 5 Br&:
(1—pA11)(1 — pAg) — p°A12A421 \ pA21 1—pAn
_ 1 (1= pAz2)B11 + pA12Ba1 :
(1 — pAll)(l — pA22> — p2A12A21 PAQIBII + (1 - PAll)BQI ’
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Notice that we have

(1—pA22)B11 + pA12Ba1 = <1 _ pﬁf (1+dyGr) + Crf‘iy> 1

1+¢y<r +¢7r<7"<«y 1+¢y<r+¢w<‘r“y
Cr(l - ¢7rﬁf) Ry
1+ (vbyCr + stgrﬁy 1+ ¢y<r + ¢7r€r’fy
_ 1 —pBy
1+ ¢yCr + (bﬂCr"‘iy

>0,

where the strict inequality follows under Assumption 2 combined with 1 > p3; and
(¢x,dy) € R%. As a result, this implies that sgn(M,) = sgn(det(Iz — p:Ar)). One can
show that

CrBy
1+ QbyCr + (bﬂCr’fy

Cr+Br (L4 dylr) + (rriy
1+ ¢y<r + Qsﬂcrﬁy

A11A20 — A12401 = >0,

Aq1 + Ago = >0.

Moreover, we can rewrite

det(Ig — pAT) = (1 — pAH)(l — pAQQ) — p2A12A21
=1—p(A11 4 Ago) + p? (A11 Aoy — A12 A1) .

As Aj1 + Az > 0 applies, we can write

det(Io — pA7) =1—p (A1 + Ag2) + p? (A11 422 — A12427)
>1—p(1+ A1 Az — A12A21) + p* (A11422 — A12421)
=(1—p)[1 —p(A11 422 — A12A21)]
>0,
where the first strict inequality is due to the determinacy condition A1; + A2 < 1 +

A11A22 — A12A21 and the second strictly inequality is due to the determinacy condition
Aj1A99 — A12A21 < 1. As aresult, this implies

1 —pBs

M, —
Y (1 - 5fp) (1 + ¢y<r - pCf) + (¢7r - p) Crﬁy

>0.

From here, the sign of the inflation and nominal interest rate multipliers follow. More-
over, the sign of the real interest rate multiplier depends on the sign of its numerator,
which is positive if o > p — (1 — B1p) by /Ky. O
A.2.2 Proof Proposition 9
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PROOF. The proof follows the same steps as the one for Proposition 2. Taking the deriva-
tive of M, with respect to p yields

oMy _ =B [(L=Bpp) (L+ Syr = Gpp) + (dn — p) Grtiy]
O [(1=Bp) (14 6yGr — Csp) + (0n — p) Grriy]”
L (L=Bp0) [G (L= Byp) + (L+ 646 = G5p) By +Grmy]
(1= Brp) (1+6yGr — Crp) + (6x — p) Grtiy)”
Defining z = (1 — B¢p) (1+ ¢yGr — (fp) + (6 — p) (rky, We can write

oM
2 yo_
x ap

B (L4 ¢y — Cpp) (1= Brp) — By (dr — p) Crkiy

+ (1= Bsp)Cr (1= Bp) + (1= Brp) (1+ dyCr — Cpp) By
+(1 _pr)CT"fya

which can be rewritten to

oM
2 Y _
x R

(1= Byén] Crkiy + (L= Brp) (1= Brp) — (L+¢yCr —Cpp) [By (1= Byp) — (1= Byp)By]
= (1= Bs6n] Grry + G5 [1— 2870+ 5307

As a result, the sign of the previous expression is determined by a second order polyno-

mial in p, i.e.,

sgn (8(9/\;%,) =ap® +bp+ec,

where the auxiliary parameters are given by

a=CBF, b=-2Br,  c=(p+ [1-Brox] Gory .
The corresponding roots are
L —bEVA
P =
2a

where the discriminant A = b? — 4ac is given by
A =4(7B7 — 4¢BF [Cr + (1= Bron) Criy) = 4CCrBF (Bron — 1)ky -

Consequently, the following case distinction applies. First, ¢, < B;l implies A <0 and
the second order polynomial has two distinct complex roots. Second, ¢, = ﬂ;l implies

A =0 and the second order polynomial has a unique real root that is given by —% =
ﬁ;l > 1. Third, ¢, > B;l implies that the second order polynomial has two real-valued
roots that are given by

28y + \/4<f<r6]2c(6f¢w — Dry ¢
+,— e == -1 1 T 1 - .
P 2757 e \/(Bf¢ )Cf Ky)
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Evidently, p™ > 1 as 8y € (0,1) and ¢, > 5;1 such that the only feasible candidate on

pe(0,1)is
o =pm =B (1% [(Bron — 1)y | -
f Cf Y

Note that p9* € (0,1) if ¢9 < ¢ < $?, where we have

91;5;1 <1+(1—5f)2?‘5y1>, and 5,9,55;1 <1+gfny1).

As f(p) = ap?® + bp + c s strictly convex in p, statement (b) of Proposition 9 follows.

To show statement (a) of Proposition 9, note that sgn (ag\;[y ) is strictly decreasing in
¢=. Hence, substituting in the lower bound ¢?, we obtain

oM
sgn (a’f’) |bnzps =CrBF0* =20 Brp+Cy + (1 - ﬁf?‘i) Grhy

=(pB30% — 2B+ Cr — (1— By)?¢y
=Cr [(L=B5p)* = (1= 5§)?]
>0,

where the last inequality applies as p € [0, 1). As aresult, we have aé\;ty >0forall ¢ < ¢7.

Finally, to show statement (c) we analogously substitute in for the upper bound ¢’
to obtain

oM 3
sen (252 g,y =<5 =25+ G+ (1Bt G,

=Cf5]2c02 —2CsByrp
=CrBrp [Brr =2

<0

)

where the last inequality applies as p € [0, 1). Notice that the previous inequality is strict
for p > 0. As a result, we have g\;ty < 0forall ¢, > afr O

A.3 Extension: New Keynesian Model with Cost Channel of Monetary Policy

A.3.1 Environment Subsequently, we further extend the general New Keynesian model
of Section 3.3.1 by a cost channel of monetary policy. Specifically, equilibrium dynamics
are now described by the following four log-linear equations

Yt = CrEe [ye 1] — Cr (g — By [meq1] — 7) + Grés (25)
e = BB [mep1] + ryye + o (ip — By [mp 1] = 7) — K& (26)
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it =T+ Qpmy + Gyt , 27)
§t=p&—1 tegy- (28)

This representation introduces a cost channel of monetary policy into the NKPC equa-
tion (26) that contemporaneously links inflation to the real interest rate, with corre-
sponding elasticity x, > 0. Moreover, relative to the main text, we scale up the demand
shock in the DIS and NKPC equations by (., respectively by «,, to ensure that output
and inflation dynamics coincide under a bond premium shock with the ones under a
standard monetary policy shock. This particular assumption is innocuous for our sub-
sequent results.

Parameter Restrictions Throughout this subsection, we impose the following parame-
ter restrictions.

ASSUMPTION 2 (PATMAN CONDITION). Assume B¢ > ky and ry > (- er > (7 en (1= Cp).

Assumption 2 restricts the strength of the cost channel of monetary policy. The con-
straint 3y > x,- ensures that the NKPC is forward looking in a positive sense, i.e., current
inflation reacts increases with next period inflation expectations. In addition, the con-
straint s, > ¢, ', is referred to as reverse temporary equilibrium Patman condition,
whereas r, > (; 1k, (1—(y) is referred to as general equilibrium Patman condition if the
persistence of the real interest rate tightening approaches unity. If the former constraint
applies, the latter does so as well, and a persistent positive surprise in the real interest
rate decreases inflation, i.e., the economy behaves in an upward sloping NKPC environ-
ment. We refer the interested reader to Beaudry et al. (2024) who provide an in-depth
discussion of Assumption 2.

A.3.2 Main Results We now state our main results. To begin with, we provide determi-
nacy conditions. Next, we derive impact multipliers. Finally, we provide a characteriza-
tion of the three monetary policy regimes. Note that all the results in the main text are
obtained after eliminating the cost channel of monetary policy, i.e., by specifying «, =0

Local Determinacy We summarize the necessary and sufficient conditions that ensure
locally stable model dynamics in Proposition 11.

- —d
PROPOSITION 11. Let us define auxiliary parameters ¢° ¢‘fr ,and ¢, where
Zo L

d_ (1= Bp)(Cr — 1= ¢yCr) §f(5f—f€r)—1—¢yCr}
Qﬁwmax{l-i- Crfiy-i-(Cf—l)Hr ) Cokiy — For )
¢d_maX{Cf"‘Bf(l""stCT)"‘Crﬁy_"W Cf(ﬁf_/‘ﬂr)_l_@;gr}
i Cf"{T‘ ’ Crﬁy — Rr ’
ad =1+ (1+Bf)(1+<f +¢y<r) )

(1 + Cf)”r - <r’€y

Under Assumption 2, local determinacy properties are summarized by the following case
distinction:
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@ If¢rry > (14 Cf)kr, the model has a determinate equilibrium iff ¢ > qbd

(b) If¢rky < (1 +(f)kyr, the model has a determinate equilibrium ljf@i < r < Ei

Proposition 11 extends the Taylor principle to environments that combine a com-
pounded or discounted DIS equation with a cost channel of monetary policy. Thus, it
shares common elements with similar conditions derived in pure tractable heteroge-
neous agent New Keynesian models (Acharya and Dogra, 2020, Bilbiie, Forthcoming),
in models that feature bounded rationality (Gabaix, 2020), or models with a cost chan-
nel of monetary policy (Surico, 2008, Beaudry et al., 2024). Specifically, Proposition 11
generalizes the results of Surico (2008) to environments that feature a compounded or
discounted DIS equation. Moreover, relative to Beaudry et al. (2024) who provide deter-
minacy conditions with a discounted DIS equation and a cost channel of monetary pol-
icy in a continuous-time environment, Proposition 11 highlights the emergence of two
particular cases characterized by the sign of ¢, /(1 + (¢) — s, /ky. The latter expression
reflects the relative strength of a standard demand channel of monetary policy relative
to the cost channel.

According to Proposition 11, determinacy depends on the relative strength of the de-
mand and the cost channel. Specifically, if the demand channel is sufficiently strong, i.e.,
Criy > (14-(5 )k, determinacy requires a sufficiently strong reaction of systematic mon-
etary policy to contemporaneous inflation, that is ¢, > qb Regarding the lower bound,

the first condition dominates the second one for reasonable calibrations, such that we
discuss it subsequently in more detail. For simplicity, we first consider the case ¢, =0,
i.e., central banks react endogenously to inflation only. In this case, a compounded DIS
equation (¢ r>1), respectively a discounted DIS equation (¢ r<1), requires a stronger
(respectively weaker) reaction to fight inflation as compared to the standard Taylor prin-
ciple. This effect, however, decreases in the strength of the marginal cost channel «,.. The
underlying rationale is as follows. A compounded DIS equation amplifies ceteris paribus
output and inflation, and requires a stronger central bank reaction. On the other hand,
inflation is stabilized through the marginal cost channel, which requires a weaker re-
action. In contrast, if the cost channel is sufficiently strong, i.e., ¢;xy < (1 + (f)Ky, de-
terminacy requires a sufficiently strong - but not too aggressive - reaction of systematic
monetary policy to contemporaneous inflation, that is er < op < 51. Intuitively, a strong
cost channel raises inflation in response to a rise in the real interest rate. If the Taylor
rule-feedback with respect to inflation is too aggressive, inflation and output dynam-
ics will therefore further diverge and not stabilize. Overall, lower and upper thresholds
are relaxed in ¢,, while the comparative statics regarding ¢, ~,, and ~, are ambigu-
ous an depend, among others, on whether the DIS equation features compounding or
discounting.

Impact Multipliers The following Proposition follows.

PROPOSITION 12. Ifdeterminacy conditions from Proposition 11 are met, the model solu-
tion takes the form

Yt =My(p)§t, mt=Mgz(p)t, it=T+M;(p)§t, and r=7+ My (p)é,

62



where My, M, M; and M, are recursively given by

1—pBy

My = ) M1")
Y+ ¢y — pCr) [L— pBr — kir(m — p)] G+ (g + Dykir) (D — p)

Ky + Qybr K ,

My = y_ 7Y M, — , M2

1= 0By —kin(9n —p) ¥ " 1= pBy — rr(0n — ) (M)

M; = ¢7rM7r + ¢yMy ) (M3")

M, = (¢7r - Pg)Mw + ¢yMy . (M4)

Under Assumption 2, impact multipliers for output, inflation, and the nominal interest
rate are strictly positive. Moreover, the impact multiplier of the real interest rate is strictly
positive if o > ¢~ and negative if o < ¢r", where

a5y
Crﬁy - "ﬁr(l - pCf) .

As stated above, Assumption 2 restricts the strength of the cost channel of mone-
tary policy. As such, deflationary forces due to falling real interest rates in response to
an expansionary DIS-demand shock are limited and inflation rises at impact. Moreover,
the sign of the impact real interest rate multiplier depends on the strength of inflation
feedback within the Taylor rule. The real interest rate rises only if monetary policy reacts
sufficiently aggressive to inflation, and falls otherwise. The former condition is always
met within the second determinacy regime characterized by ¢+, < (1 + ()~ In con-
trast, in the first determinacy regime characterized by (s, > (1 + (f)r, the real interest
rate always rises under a compounded DIS equation, and may fall under a discounted
DIS equation. This is the case as the latter allows for a sufficiently low inflation sensitivity
to ensure local determinacy.

or =p

Monetary Policy Regimes We provide a characterization of monetary policy regimes in
Proposition 13.

PROPOSITION 13. Consider a forward-looking and upward-sloping NKPC, i.e., By > 0

and k. > 0. Moreover, let Assumption 2 hold, i.e., min{ s Crly} > kr. There exist two cut-
—9 ) : ; .

off values, $° and ¢, of the Central Bank's degree of reaction to the inflation gap

_ -1 o 2 (Bf—rr)Cy -9 _ p—1 (Bf—rr)Cy
?fr - /Bf (1 * (1 ﬁf) 5f(r“y+(<f_5f)“r) and Qbﬂ— o Bf (1 + BfC'r"“iy"F(Cf_Bf)"‘i'r) ’

with ¢ > 89 > 1 such that the impact multiplier of output to a DIS-demand shock satis-

fies:

@ Ifor < ¢7, My increases monotonously in p.

(b) If¢? < ¢ < 3, M, is hump-shaped in p, i.e.,

— BsGrriy + (G5 = Byt , o
Jp9* = f1<1—\/(¢nﬁf—l) f ’Z;f_(;r)cff)ﬁ ) Suchthat/\/ly(p)z()lfpgﬂg~
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© Ifor > ¢?, My decreases monotonously in p.

Proposition 13 generalizes Proposition 2 regarding monetary policy regime thresh-

olds Y and ¢ as well as the output-maximizing persistence p9*. In particular, their
I

formal expressions follow an identical analytical structure and are isomorphic when re-
placing , in Proposition 2 with « = ﬁfqr?ﬁyfﬂif)_cff ) Notice that the latter term is
strictly positive under Assumption 2, i.e., min{3y, (rty } > K7.

Corollary 2 provides comparative statics of regime thresholds and the output maxi-
mizing persistence.

COROLLARY 2. Consider the hump-shaped regime of Proposition 13 characterized by ¢? <
¢r < &2 The following comparative statics apply under Assumption 2.

(@) Ifkr =0 applies, both regime thresholds (¢7 .82 as well as the output maximizing
persistence (p9*) strictly decrease in 3¢, k., ¢, and strictly increase in (.

(b) Ifk, > 0 applies, both regime thresholds (¢7 , 67 as well as the output maximizing
persistence (p9*) strictly decrease in k., (,, and strictly increase in ( ;. Moreover, they
strictly decrease (respectively, strictly increase) in k. if (¢ + (rry > By (respectively,
Cr+Grky < Bf)

In the case of a positive marginal cost channel, i.e., x,, > 0, comparative statics with
respect to ¢, and (; are unaffected under Assumption 2, i.e., if min{3y,(rxy} > K, ap-
plies, and reversed otherwise. Moreover, regime thresholds and output-maximizing per-
sistence both fall in «,. if (y + ¢~y > B, which always holds under a compounded DIS
equation. Intuitively, the marginal cost channel flattens the NKPC and hence reinforces
the future income channel relative to the real interest rate channel.

For completeness, we compare the limits of the impact output multiplier in Propo-
sition 14 and provide an extended condition for its asymmetric shape around the per-
sistence threshold p9*.

PROPOSITION 14. I[f¢r > 1+ (1~ )3 FyCr G —hir
FCrky+(Cr—By)kir
multiplier to a DIS shock is asymmetric in its persistence, i.e., ;i_% My > 31_)1111 M.

> ¢Y applies, the impact output

A.3.3 Proofs

Proof Proposition 11

PROOF. We closely follow the steps in Bullard and Mitra (2002) to analyze determinacy
properties of the model. For convenience, we drop the DIS-demand shock & when de-
riving the reduced dynamic system. To begin with, substituting the Taylor rule (27) into
the DIS equation (25) and the NKPC (26) yields

Yt = CrEe [yer1] — G (Dnme + dyyr — Bt [me41]) (29)
it = B¢ [T 1) + kyye + Kr (rme + dyys — Ei [mi41]) (30)
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where the latter equation can be rearranged to

— Bf — Ry K/y + ¢y"</’r‘
1— ke 1— rkyr

Substituting, in turn, the latter equation into (29) results in

T Ey [me41] + Yi -

By — kr Ky + Qykir "
1= ¢rky 1= ¢rky ’

S [(1+ 0yCr) (1 = drkir) + Onlr (ky + yrr) Yyt = (p (1 — drkir) Et [ye41] + G (1 — nBr)Et [me41]

which finally yields

_ Cf (1~ Prkir) Cr(lfébfrﬁf)
1+¢y<r+¢ﬂ' (Cr”y _’fr) 1+¢y€r+¢7r (Crliy — Rp

We now substitute the latter equation into (30) to obtain

(14 by ) ye = B [yey1] + By [me1] — E¢ [me41] +

Yt Et [ye41] + )Et [me41] . (E.D)

_ Ky + Qyhr
1+ ¢y<r + ¢7r (CT'Ky - "fr)

+ (B — Ky )Ey [my41]
(ﬂf - "W) (1+ ¢y + Pn (Griy — k1)) + (ky + dytir) G (1 — PnBy)

= 1+ ¢y<¢ + on (C’I‘K,y — ’ir) E; [7rt+1]

("fy + ¢y"fr) Cf(l — Qrkir)
]- + ¢y<-r + ¢7‘r (C’r’iy - ﬁ’r)

= [Bf (1 + ¢y<r) + Crﬁy - K/l"] (1 — ¢7r:‘ir)
- 1+ ¢1/C’r + ¢7'r (Crliy — HT) Ey [7Tt+1] +

which finally provides us with

_ Bf (1+¢yCT)+<Tf$y_ffr (Iiy—‘r(bylir) Cf
L+ ¢y + b (Grriy — Kir) L+ ¢y Cr + dr (Crky — Fir)

We can thus write the system of equations (E.1)-(E.2) as
Yt E¢ [y¢11]
p— A_ ;
<7Tt> T <Et [7Tt+1}>

1 (Cf(1_¢7r’€r) CT(1_¢Wﬂf) > .

(1 - (f’w’ir)ﬁt

(Cr (1= brir) B [yes1] + Gr(1 — ¢ B)Ee [me11])

J’_

Et [ye+1]

(’iy + ﬁby’@r) gf'(l — brkir)
1+ ¢y€r + or (Cr’iy - /fr)

Ey [ye+1] ,

T E¢ [me41] + E¢ [yiv1] . (E2)

where

Ar=

T 1+ ¢y<r + ¢7r(<r/fy - f‘@r) Cf(“y + ¢y’€r) ﬂf (1 + (byCT) + Cr"fy — Ry

The solution is locally determinate if both eigenvalues of A are inside the unit circle.
The characteristic polynomial of A is defined by p(\) = det(A\I — A7) = A% 4+ a1\ + ao,
where

a0 = Cf(l - Qbﬂ"‘@r) [ﬁf (1 + d)yCr) + Cr"fy - /ir] - C’I”Cf(l - d)ﬂ'ﬁf)(ﬁy + d)yﬁr) _ Cf(ﬂf - Hr)
0 [1 + ¢y<r + d’ﬂ'((r"fy - "‘Qr)}Q 1+ dyér + ¢7T(CT’%7J — k) ’
ay = 7<f(1 - ¢7r"'€'r) +Bf (]- +¢y<r) +<'r/fy — Ry )

1+ ¢y<r + ¢7r(<7’”fy — k)
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Both eigenvalues are inside the unit circle if and only if |ag| < 1 and |a;] < 1 + ag
(see page 28 in LaSalle (1986)). Under Assumption 2 we have the parameter constraint
min{j3y,{rky} > K, such that the first condition is satisfied if

Cf(ﬁf _Kr) _1_¢y<r -

Cr Ry — Ry

r >

From here, we proceed by case distinction:
Case 1. First, consider the case in which the numerator of a; is weakly positive, i.e., (y(1—
Grtir) + B (L+ ¢yGr) + (rhy — K > 0, which is equivalent to

bn < Cf +5f (1+¢yCr)+Cr"fy — Rr .
< Cf/fr

In this case, the second determinacy condition, i.e., |a;| < 1 + ag, is satisfied if

Cf(ﬂf—fﬁr) Cf(l—@rﬂr)+Bf(1+¢y<r)+@’fy_’€r
1+¢y<r+¢7r(<r“y *"57") 1+¢y§¢‘ +¢7\’(C7””y */{T)

=14+ ¢y<r +¢W(Crl€y - Hr) + Cf(ﬁf - fir) > Cf(l - ¢7r"€r) +5f (1 + (byCT) + Cr”y — Rr
& (¢r — 1) [Grry + (G —1)] > (1= 5y) (¢ — 1 = ¢yGr)

(1= 8y) (¢ —1— yGr)
Criy + kr(Cp — 1) '

1+

S or>1+

—=d
As aresult, the equilibrium is locally determinate if ¢t < o < ¢, where
=

(1= B87) (G =1=0yGr) Cp(Br —hr) = 1= GG
Crﬁy + KJT(Cf - 1) ’ Cr”y — KRr

gd — Cf +Bf (1 +¢y<r) + Crly — Ky
" Cf"ir '

Case 2. Second, consider the case in which the numerator of a; is strictly negative, i.e.,
Cr(1 = dnkr) + By (1 + ¢yCr) + (rhy — ke < 0, which is equivalent to

¢W>gi£ Cf+ﬁf(1+?iir)+grﬁy_ﬁr .

In this case, the second determinacy condition, i.e., |a;| < 1 + ag, is satisfied if

1+ Cf(ﬁf_“ir) >_<f<1_¢7r"fr>+/6f(1+¢yCr)+Cr"fy_KT
1+¢yCr +¢7r((:r"§y - er) 1+¢y<r+¢7r(<THy _KT)

<1+ ¢y<r + ¢7r(§r“y - ’ir) + Cf(ﬁf - ’ir) > = [Cf(l - ¢Tr’£7") + Bf (1 + ¢y€r) + CTH?J - '%7“]
& (¢ +1) [Grisy — (L4 Cp)] > —(1+ Bp) [Cf + 1+ bySr] -

Depending on the sign of ¢;-xy — x.(1 + (f), two sub-cases emerge:
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(@ If min{B¢,(rky, Grkiy(1+ ()~} > Ky, the previous condition can be rewritten as

(1+Bf) (Cf +1+¢yCr)
Cr"fy - “7’(1 +Cf) ’

¢w>_]—_

and the model has a determinate solution if

. (L+87) [+ 1+ 0yCr) Cr+Br (L4 dyGr) + Gy — e Cp(Br — kr) — 1 — dyGr
Prm {1 Gy (I G) Crhir ’ Crtvy — Ky
=mm{9+ﬂfﬂ+@@0+@w—«ncﬂw—nn—1—%@}'
CfK/r CT‘K/y — Ko

(b) fmin{By,(rry} > Kmr > Grry (1 + Cf)*l, the previous condition can be rewritten as

(14 85) (¢f + 1+ ¢yCr)

< —1
b < * KT(1+Cf)_<r"€y

and the model has a determinate equilibrium if

max{gf'f‘ﬁf(l"“i’y@)"‘@“y —m«’ Cf(ﬁf — k) —1 — dyCr

(1 + ﬁf) (gf +1+ ¢y<r)
gf"‘ir Crﬂy — Rp '

}<¢)ﬂ<_1+ “T(l"'gf)_(ﬂ{y

As aresult, combining both cases, we obtain the following determinacy regions:

1. Ifmin{B¢,({rky} > K and (rky > k(1 + (f), the model is locally determinate if

i (B —rr) = 1- ¢ycr} |

—=d
¢d <¢r<¢, and ¢, >max{ -
= Criy — Kr

=d
It is straightforward to show that ¢,. > ¢¢ under Assumption 2 and ¢, Ky > kr(1+Cy)
=

such that both conditions can be combined to ¢, > ¢°.
=1

2. f min{B¢,(rry} > kr and (rky < k(1 + (), the model is locally determinate if

. {d Cr(By — kr) =1 =yl

m Cr"fy — Rr

(1+8f) (¢ + 1+ dyGr) .

poot <o <d=nie R

This concludes the proof of Proposition 11. O
Proof Proposition 12

PrOOF. To begin with, we derive the impact multipliers. Substituting the Taylor rule (27)
into the DIS equation (25) results in

Yt = CrEe [yt 1] — G (Pnmt + dyyr — Bi [me41]) + (&t
& (L4 dyCr)ye = G [ye1] + GEe [met1] — Gropnme + G
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Similarly, substituting the Taylor rule (27) into the NKPC equation (26) yields
Tt = BB [me1] + syye + ke (Grme + Gyyr — By [Teg1]) — Kt
(1= pnkr)me = (B = fir) B [me1] + (Ky + dyhir) Yo — ks -

As before, we guess and verify that the solution takes the form y; = M, &; and 7y = M7 &,
such that the previous two equations can be rewritten as

(1 + ¢yCr - pCf) My = _CT <¢)7T - P)Mn + Cr 5
(1 — Qrkr —p (ﬂf - /fr)) My = ("fy =+ (z)y"fr) My — Ry .
The latter equation can be rewritten as

Ky + Gykir K

My = My — .
]-_(bﬂ'ﬁr_p(ﬁf_"h“) Y 1_¢WKT_P(Bf_"€r)

Substituting this equation in turn into the one for the impact output multiplier results
in

Ky + Qykip M. — Ko
L= ¢ntir —p (B —hin) " 1= burir —p (B —rir)

(1 + ¢y<r - PCf) My =—(r (¢7r - p) + ¢,

which can be restated as

[(1 + d)yCr - PCf) (1 — Qrkiq —p (ﬁf - 57‘)) + G (o — p) (Hy + ¢y’€r)} My = (1 - Pﬁf) Cr s
which ultimately yields

M, = 1—pBy .
Y (L dyGr — pCr) [L— pBy — i (b — p)] G L+ (D — p) (y + dyhir)

From the previous equation the impact multipliers for inflation, the nominal as well as
the real interest rate follow recursively, as provided in the main text.

We then study the sign of the impact multipliers. First, we derive, as in the Proof of
Proposition 11, a reduced form system of output and inflation dynamics, i.e.,

E
Y [e-+1] +Bré&:,
T E¢ [ 41]
where

Apr= 1 Cf(l _¢7TK7‘) C’r(l_(bwﬁf)
L+ ¢yCr + br(Grisy — kir) \Cp(hy + dykir) By (L+ dylr) + Gty — i |

BT = 1 <7“ .
1+ st(:r + QSTI'(CTK/y - ’fr) Cr'“@y — Ry
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As Ei [yt+1] = py: and E; [m¢41] = pm¢ holds in a rational expectations equilibrium, we
can write

<yt> = (I — pA7) ' Br&

"
_ 1 1—pAs pAi2
- 5 Bré:
(1—pA11)(1 — pAg) — p®A12A21 \ pA21 1—pAn
_ 1 (1= pAz2)B11 + pA12Bay
(1—pA11)(1 — pAgg) — p2A12A2; \ pA21Bi1 + (1 — pA11)Bas

Notice that we have

ﬁf (1 + ¢y<r) + Cr"fy - Hr> Cr
— pAso)B A19Bo1=(1—
(1 —=pA22)B11 + pA12B2y ( p1+¢y@n+¢>ﬂ(§m@,7m) 1+ ¢yl + On(Crhy — Kr)
Y Cr(lf(bﬂ'ﬁf) Cr"@y_"‘ﬁr
L5 0yCr + 0n(Crty — ) 1+ 0yGr + 6 oty — ir)
Cr(l_pﬁf) ~0

- 1+ (byCT + QSW(CTK'y - Hr)

where the strict inequality follows under Assumption 2 combined with 1 > p3; and
(¢n, ¢dy) € RZ. As a result, this implies that sgn(M,) = sgn(det(I2 — pAr)). Recall from
the proof of Proposition 11 that

Cf(ﬁf — Kr)
L4 ¢yl + On(Crby — Kir)

_ Cf(l - d)vr’fr) =+ /Bf (1 + ¢y<r) + Cr’fy — Kr
At Az = 1+¢y<r+¢ﬂ'(<r/‘5y*ﬁr) '

A11A20 — A12401 =

Moreover, we can rewrite
det(12 — pAT) = (1 — pA11>(1 — pAQQ) — p2A12A21
=1—p(A11+ Ago) + p? (A11 A2 — A12As1) .

—=d
There arise now two cases. First, consider the case where 411 + A9y <0, i.e., ¢x > ¢,
In this case, we have det(I> — pA7) > 0 and consequently M, > 0. Second, consider the

—d
case where A1; + Aae >0, 1.e., ¢, < ¢,.. In this case, we can write
det(Iy — pA7) =1—p(A11 + A2) + p? (A11A2e — A12As1)
>1—p(1+ A11 A9 — A12A21) + p? (A11Ags — A12A421)
=1—-p)[1—p(A11d422 — A12A21)]

>0,
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where the first strict inequality is due to the determinacy condition Aj; + A2 < 1 +
A1 A9 — A12 A2 and the second strictly inequality is due to the determinacy condition
Aj1A99 — A12A21 < 1. As aresult, this implies

M, = 1 —pBs
Y (1 +¢y€r _pCf) [1 _pﬂf — Rr (¢'rr _P)] C;l + (¢7r _p) (’fy +¢y"$r)

Let us denote the denominator of M, by Mg. To determine the sign of the impact infla-
tion multiplier, we can rearrange terms to obtain

>0.

_ Ky + Qykr M., — K
1_¢7r5r_p(ﬁf_’ir) Y 1_¢7r’ir_p(ﬁf_ﬁr)

1
[1—pB — kr(dr — p)] My [my +¢yrin)(1 = pBy) = Hr/\/lzﬂ .
™ T y

As a result, the sign of M, is determined by the sign of A, = (ky + ¢yr,)(1 — pBy) —
RTMZ, ie.,

Mz

Ar= ("fy +¢y“7>)(1 - pﬂf) - "fr{(l + oy G _PCf) [1 _Pﬂf — tr (P _P)] Cr_l +(¢x —p) ("‘fy +¢y"f?")}

= (Hy + ¢y’f7>) [1 - pﬂf — b (r — [))] - ("frCr_l (1 + GyCr — /)Cf)) [1 - pﬁf — fir(Ppr — p)}
= (ky + dykir — kG (L4 0yCr = pCr)) [L = pBy = bir (6 — p)]
= (Ky - ’ircr_l (1 _PCf)) [1 —pBy — Kr(pr — P)} .

Consequently, we have

Ry — KT‘C;1 (1 - pCf)
(1 +¢y§r _ng) [1 _Pﬂf — Kr ((bﬂ' —,0)] C;l + (¢7r _P) (’fy +¢y’{7") ’

which is strictly positive if (%, > . (1 — p(s). The latter condition is referred to as gen-
eral equilibrium Patman condition (see Beaudry et al. (2024)) and is always satisfied un-
der Assumption 2. Finally, the sign of the impact real interest multiplier can be deter-
mined by

us

M = (¢x — p)Mx + ¢yMy

(¢7‘r —P) [ﬁy - ’ng;l (1 _pCf)] +¢y(1 _pﬂf)
(L+ ¢yG — pCr) [L = pBs — i (Dr — p)] G+ (0r — p) (Ky + Dyrir)

which is strictly positive if

(byCr(l - Pﬂf)

7’+: _
On = 0m =0 Crky + ki (pCp = 1)

Notice that ¢, is strictly increasing in p with corresponding limit

. Ty ot 4 ¢yCr(1_ﬂf)
gﬂéﬂ =¢p =1 Gyt (G =1
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Recall from Proposition 11 that the model’s determinacy regions are as followed: if
Criy > k(1 + (5) applies, the model is determinate for ¢, > (bd' in contrast, if (rry <

Cr KRy —Kr

rr(1 + ¢y) applies, the model is determinate for max {qﬁd, I (Bf rr)—1- %gr} < ¢ <
(L+87) (¢r+14¢y¢r)
k(1) —Criy
Eff > 1> ¢ . As such, sgn(M,. ) > 0 in the case of (my < nr( + (). In contrast, it is
straightforward to show that qﬁﬂ > ¢ if (f <1 and ¢7r < d) if (y > 1, i.e., sgn(M,.)
is always positive under a Compounded DIS equation, and maybe be negative under a
discounted DIS equation depending on the persistence. O

14

. Note that Assumption 2 together with 5, < [0,1) implies that

Proof Proposition 13

ProOOF. Taking the derivative of M, with respect to p yields

OMy _ =By [(L+ dyGr — pGs) [L = pBy — ir (85 — )] G + (97 — p) (i + Dy tir)]
p [(14 ¢y Gr — pCs) [1= pBs — kir (6r — P)] &1 + (6 — p) (y + Syir)]”
(1= pBp) [t (L= pBr = rr (8 =) + & (L yGr = pCr) (B = Fir) + Ry + Syrir]
[(14 6y Gr — pCs) [1= pBs — ki (6r — P)] &1 + (6 — ) (y + yiir)]” .

+

Defining = = (1 + oy — PCf) [1 — pBy — kir (P — P)J Cr_l + (¢ — p) (Ky + dykr), we can
write

0
$27gzy:*5fC51(1+¢yCr*PCf) (1= pBs — Ky (b — p)) — By (dx — p) (K5y + Dykir)

+ (1= pBe)CrG (L= pBs — kir (8 — p)) + (1 — pB)G (L + by Cr — pCr) (B — Kir)
+(1- pﬁf) (“y + Qykir) ,
which can be rewritten to

2 aMZ/
dp

=[1=Byén] (ry + dyrr) + (G (1= pBp) (1= pBy — kr (r — )

— (L4 yCr — pCr) GV [Br (L= pBy — bir (6 — p)) — (1 — pBy) (B — r)]
=[1= Bron] (ky + dykir) + (¢ (1= pBy) (1= pBy — ki (6 — p))

— (14 ¢yGr — pCp) G M r [1— Brobn]
=[1=Bsox] (ky — k(") + Gt [(1 = Bron) prir + (1= pBy) (1= pBs — kir (6 — p))]
=[1=Bsox] (ky — () +CpGt [1 = btir — 2(B — ki )p + B (B — kr)p?] -

As aresult, the sign of the previous expression is determined by a second order polyno-
mial in p, i.e.,

sgn (38./\Zy> =ap® +bp+ec,
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where the auxiliary parameters are given by

a= (G B (Br — ki)
__QCfCr (Bf _’K‘:T)7
CECquj (1 _¢W“r)+[1_ﬂf¢W] gfl(gr’iy_“T) :

The corresponding roots are

ho —bEVA
P
a

where the discriminant A = b — 4ac is given by

—4(“)2(@@2 () 87060~ 50) | (£) 0= b+ (1= 8700 6 (G = )|
Sf
&

_ ( ) KT+4(§ )mwf-m{(g) ¢ﬁmr+(ﬂf%—l)c;l(crny—m}

<g> (Bf — k) (Bydr — )HT+4<E_ >5f(5f—m) (Bsdm — 1) G (Griy — ir)
L)

(¢

=4 <%> (Bf — kr)2(Bsdr — 1)

B = e)*(Byor =) {@f—rﬁr Bfﬂ—fn Cr

BfCT/fy + (Cf _5f)"fr
(Bf - Kr)(f

(Crhy — KT)}

As min{S¢,(qry} > K, under Assumption 2, the last ratio is strictly positive. Conse-
quently, the following case distinction applies. First, ¢, < ﬁf_l implies A < 0 and the sec-

ond order polynomial has two distinct complex roots. Second, ¢, = ﬂ;l implies A =0
and the second order polynomial has a unique real root that is given by — & = 71 > L

Third, ¢, > 5 ; ! implies that the second order polynomial has two real- Valued roots that
are given by

1 Cf /Bf<'r"fy + (Cf - Bf)’ir
o <Bf‘“’“)i¢ 1) 0wt v

20¢¢ B (B — Kir)

=Bt <1 + \/(chbw - 1>5f<’"'§§:_(<,j;)}ff)“’”> -

Evidently, p™ > 1 as 8y € (0,1) and ¢, > 6;1 such that the only feasible candidate on
pe(0,1)is

* . — — BfCr“y"‘(Cf_Bf)Hr
g* — _ 1 _ _ .
P =pT =5, (1 \/(6f¢7r 1) Br =) )
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Note that p9* € (0,1) if ¢7 < ¢r < ¢?, where we have

g _ n—1 _ 2 (Bf—rr)Cy -9 _ p—1 (Bf—rr)Cy
?W - 6f (1 + (1 ﬂf) /BlfCrKy"‘(Cf_Bf)HT) ’ and ¢7T - Bf (1 + Bf(r“y“l‘(cf_lgf)"ir) :

As f(p) = ap?® + bp + c s strictly convex in p, statement (b) of Proposition 13 follows.

To show statement (a) of Proposition 13, notice that sgn (8(/9\2?’ ) is strictly decreasing

in ¢.. Hence, substituting in the lower bound Qi , we obtain

oM T
sgn (%552 locmer =810y = st =2l 3o & (1) (1-52) (10— )
_& RIS '
_C ﬁf(ﬁf KT) Cr(ﬁ /@7)[)

+g(1_ﬂ{ HL=6p7 /3f<~i§f+_(g)ffﬁf)“rb

a2z Br—kr)Cs ( _@)
(1 ﬂf) 5f<r’5y+(gf_6f)’fr "y Cr

Cr"‘fy — Ky + Cf%
5f<r"fy + (gf - 6f)’£?"

:%(w ) {%2 —2p+ By = (1= By)?

_Cr By —ry 2 a2 BrGesy + (G = By) e
T [(pﬁf) 2B B (G = By
:E—jﬁf/;f“r (1= pBy)? — (1= B7)%] >0

where the last inequality applies as min{3¢,(#y} > x, under Assumption 2 and p €
[0,1). As a result, we have 33\2?’ > 0 forall ¢ < ¢7.

Finally, to show statement (c) we analogously substitute in for the upper bound .
to obtain

sen (2572 ) o, g = LBy s —mo)e? ~ 2L 5y = oo+ L (10w ) + (1-730) (= 22

Gr Gr Gr Gr
:Cffﬂf(ﬂf*/ir) — E.f (Bf — kr)p

Cf( 77{ (By — Kr )y D
+Cr ! By 1+5fCrHy+(Cf*5f)f€r

_ (ﬁf - "W’)Cf (K, /ir)
ﬂfﬁrﬂy + (Cf - ﬁf)”r

g’rﬁly—"f'r'i'gf% ]

_Ci _ 2 -1 _
i "”{W P G G By

S

L (87— wr) o5 -2 <0
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where the last inequality applies as min{3¢,(.%y} > x, under Assumption 2 and p €

[0,1). Note that the previous inequality is strict for p > 0. As a result, we have ag/pty <0

for all ¢ > ¢7. O

Proof Corollary 2

PrOOF. The proof proceeds by case distinction. We first show Statement («) and after-
wards Statement (b):

Statement (a). In the case of x,, = 0, the regime thresholds and p—max reduce to

o9 =B (1 +(1- m)ff *) :

=07 (1 + Efny‘l) :

pg*=6f1( (Byom =D )

As aresult, we obtain for the lower regime threshold:

909 9
%?ﬁf (1+ =2y t) ~2570 - 8 Ly <0, Ol 51— 32y <0,

¢ Gr oG ¢? "y
a?gr_ -1 2<f 72 ¢g
Tfﬁyi_ﬂf (1_6) Q <0, C rBf ( Bf) <7 >0~

Similarly, we obtain for the upper regime threshold:

g —_g
a(bﬂ’:_ﬁf2<1 Cf 1><0 a(bﬂ__ﬁflcf 71<07

OBy a Gy & "y
a671’ 1<f —2 8671” -1
e =07 <0, GE =Tt >0,

and for the output-maximizing persistence:

op” - Gr Gr ~1 Gr

aﬁf :_Bf2< \/(ﬁf(bﬂ’_ )C > Bf ((ﬁf(bw_l)cffiy) (bﬂ’c :"Qy<07
op9* 1 7 1

%:_26f1<(ﬁf¢ﬂ_ ) (Brpm —1 Cf"iy<0’

8p9* - 1 -1 % C’)"

a/{y —_§ﬂf ((Bf(bﬂ'_ ) /6f¢w_ 5<0

op9* 3

8( ﬁf <(5f¢w_1)§;’fy> (ﬁf¢w—1)f;%“y>0'
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Statement (b). In the case of x,. > 0, the regime thresholds and p—max are

g _ p-1 a2 (Bf — kr)Cr )
Qﬂ- ﬂf <1+(1 Bf) 5f<r’fy+(<f75f)"{r ’

-9 _ -1 (Bf — Kr)Cs >
¢7r_ﬂf <1+ﬁf<rﬁy+(<f_ﬁf>’§r ’

fW@*G%m%DW@@+@‘”“ﬂ.

(Bf — rr)Cy
As a result, we obtain for the lower regime threshold:
0¢? _ — Ky
=B (1= 8y) Br= s i, <o,
Gr [BCriy + (Cr = Byp)rir]
997 (B — kr)Cs

By =P (=B’ 281¢r <0,

[BfCr"fy + (Cf - ﬂf)“r]

% :ﬂ_l(l _ Bf)2 (/6f — HT) [BfCTKy + (Cf - 6]‘)’{7‘] - /‘Qr(,@f — K"I‘)Cf
aCf d [ﬁfgr"fy + (Cf - ﬁf)ﬁr]Q
- Criy — Kr
=871 (1= By)*Br(By — k) v >0
F I T ey + (G — By
07 — 81— By)? —Cy [BCrry + (Cr = By)rr] — Cr(Cp — Br)(By — kr)
Oy 1 [B1Crmy + (s — By )ir]?

_Crfiy - Cf + 6]‘ .
[ﬂfgrﬁy + (Cf - Bf)“r]Q

Similarly, we obtain for the upper regime threshold:

3$fr -1 (5]‘ *KT)Cf
:_6 B K <O7
0~ [Brcomy + (G =B

%7 1 (Bf — kr)Cr
90 _ g B¢, <0,
ory T [BpComy + (Cs — Brme]®

=871 (1 - By)?Br¢y

00y _ o1 By = bin) [ByGrrsy + (G = Bp)tin] = b8y — in)S
o =8 ;
Cr [ByCrby + (Cp — Br)rr]

= (B ) T g

[B1Crrsy + (G = By)rin)”
8$fr 1_€f [ﬁf@r"fy"i'(cf _/6f)’fr] _Cf(Cf _Bf)(ﬁf _K’T)

— 87
O [B7Crmy + (Cf — By)rr]”
_ Cf _Cr"’ﬁy - Cf +/6f .
[BrCriy + (¢ —ﬁf)f%«]z
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Finally, we obtain for the output maximizing persistence:

op7 1 71( B 6f<my+<<f—6f)m)—% Brry

aCr B 26f (ﬁf(bﬂ— 1) (6f - KT’)Cf (ﬂf — HT)Cf < 07
o1 _1( ~ ﬁfcmmcfﬁf)m)% B¢

Dy 25f (Bfpr —1) Gr =S Br = r)C; <0,
a7 1

=—-p;1 ((5 bn — 1)5fCrF~y + (¢ — 5f)m) 3 wn(By = n)s — (By — n) [ByGomy + (G — Bp)rn]
a2 1o (B — kr)Cs (87 — rr)Cs]

[

Crl'fy — Ry

[(Bf — 5r)¢s)?

- %(6f B K"') ((6f¢7‘r - 1)BfCTKy + (Cf _ Bf):"ir)

(5f - “T)Cf

>0,

o _ P ((5 b l)ﬁfcmy +(¢f — 6f)nr) 5 (¢r — Br)Br — wr)Cs + Cp [BrGomy + (Gp — Br)mr]
oy 20r \Pro (87— #:)Cs (87 = rr)ts)?
_1 <(5 b — 1)ﬁfCr'$y +(¢r ﬁf)’ir)% Cr [Cf + Gy — By]
2 \\1 (87 =) (8 — rr)¢s]”
which completes the proof of Corollary 2. O

Proof Proposition 14

PROOF. In the limit, we obtain the following two expressions
lim M !
11m =
p—0 Y (1+¢yCT) (1_(/571"‘{7“) Cr_l + &r (Ky+¢yﬁr)
1—
lim M, = O — .
p=1 (1 + GyCr — Cf) [1 — By — kr (¢r — 1)] G+ (dr — 1) (hy + dykir)

The proof of Proposition 12 states that lirrb My >0and 1im1 My > 0. As aresult, a purely
p— p—

)

transitory DIS-demand shock is more expansionary than a completely permanent one,
i.e, lim M, > lim M, if
p—0 p—1
(1 + OyCr — (f) [1 - 5f — Kr (P — 1)] Cr_l +(¢pr — 1) (“y + d’y"ﬂT) >
(1= 85) [(1+ 6yCr) (L= i) (1 o+ b (e + dyrin)]

which can be rearranged to

(1=¢r) [1=Br = k0 (dr = D] G+ (0n = 1) iy > (1= By) [(1 = Snir) G+ drriy]
& (1=¢) [1=Bp = kr (dn = )] + (0r = 1) Gy > (1= Bf) [L+ b (Crriy — )]
& Gr [—(L=Cp)ir + Crriy — (1= B)(Crbiy — Kir)] > (1= Bf) + Criy — (1= Cf) (1 — By + 5y
& Or [BrCrry + (Cp = Bp)er] > Criy +Cp(1 = By) — (1= Cp)rir
& O [ByCrky + (Cp = Br)r] > BrCrky + (G — B + (1= Bf) [Gry + Cp — Fir

Crffy‘FCf_ffr
5f§r’€y+(Cf_Bf)“r’
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which can be shown to be larger than ¢ and smaller than @7 if 8 > 0. O

A.4 Towards a Structural Interpretation

In this section, we provide formal statements and proofs for the sensitivity of monetary
regime thresholds and p-max in case specific micro-foundations act on multiple suffi-
cient statistics at the same time. We summarize our findings in Proposition 15 and refer
to the main text for a discussion of the driving forces at play in generating these result.

PROPOSITION 15. The following statements apply.

(a) Household Preferences: a higher elasticity of inter-temporal substitution or wealth
in the utility decrease ¢, 7, and p9*.

(b) Household Heterogeneity: counter-cyclical (respectively, pro-cyclical) income risk
increases (respectively, decreases) er B Efr, and p9*. Moreover, in a THANK economy,
counter-cyclical (respectively, pro-cyclical) income inequality decreases (respectively,
increases) ¢, &7, and p9* if \MM 1 5 > 1, where NT*M s the share of hand-to-
mouth households and s the probability to stay a saver household.

(c) Behavioral Frictions: a departure from the full information rational expectation
assumption via cognitive discounting increases er , Efr, and p9*.

(d) Life-Cycle: life-cycle dynamics with stochastic death increase ¢° unambiguously,

while it increases ¢°. and p9* if 1> 1f§fﬁf ,% i.e., prices are sufficiently flexible.

(e) Household Debt and Default: information asymmetries leading to interest rate
spreads between borrowers and lenders leave ¢7, &7, and p9* unaffected if r, =0
and increases all of them if ., > 0.

(f) Long-Run Interest Rate: a higher steady state real interest rate decreases (respec-
tively, increases) ¢9, @2, and po* if Cf + Griy — By > (Bf — kr)Gr (respectively,
Cf + Qrky — ﬁf < (Bf - HT)CT)-

Proof Proposition 15

PROOF. Subsequently, we prove all statements in the corresponding order.

Statement (a). Following Chapter 3 in Gali (2015) the RANK model with an arbitrary elas-
ticity of inter-temporal substitution is characterized by

_ +«
G=1, G=0l, Br=8, nyx<a+f

) , and k,=0.

—

1
Crl'fy

In this case, we can define = = such that we have

07 =P (1+(1-0)%5) , Fr=p"1(1+5), and p =gt (1= (6. F-1= ).
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The first part of Statement (a) follows immediately from 45 = m%% > 0. Fol-

lowing Online Appendix C in Michaillat and Saez (2021), the WUNK model with loga-
rithmic utility over consumption is, in turn, characterized by

___ b _ _ _
_5+U/(O)yn’ CT_]-7 ﬁf_ﬁv Hy—)\<1+

where we work with Calvo price setting rather than Rotemberg adjustment costs. In this

Y+«
11—«

Cr

> , and k=0,

case, we can define = = i—f such that we have
Yy

9126_1(14‘(1—5)25)7 ¢! =p71(1+2), and p9*=p""! (1_ (%5_1)5—1).

1

The second part of Statement (a) follows from % =% Wy" <0.

Statement (b). Following Section 2 in Bilbiie (Forthcoming) the tractable HANK econ-
omy based on a spender-saver dichotomy with cyclical income inequality is character-
ized by

1 \HtM

_ 1
) CT*El_)\HtM

Cr=1+(x— D)=ty N

: . Br=B, ky=Alo+£t2) . and &, =0,
% ! Y I—a

where the measure of cyclical inequality, x;, is given by x =1+ (1 — /\L—TM). In this case,

we can define = = -/

= such that we have
rivy

=51 -0P2) . =504, and =5 (1o /o8- D).
The following comparative statics apply

0= o 1—s— \HtM

& Koy 1_ \HtM

0= o 1-x

Os FyliAHtM’

ox
o= o (1—x)s—|—(1—/\HtM)(l—)\HtM—s)a)\HtM

a/\HtM Ky (1_>\HtM)2 ’

As a result, Qi,@i, and p9* decrease in y if s + MM ~ 1 and decrease in s if x > 1.
Moreover, they decrease in A\*M if (1 — x)s + (1 — MTEM)(1 — \HEM _ s)afﬁ <0,
which is satisfied if cyclical inequality if sufficiently countercyclical, i.e., x large enough.
Regarding cyclical income risk, we follow Bilbiie (Forthcoming) in making the following
case distinction. First, we consider the case where the probability to stay in the saver
state depends on the current aggregate state of the economy, i.e., s(Y;). In this case, one
arrives at the following representation

o1 1-3 Fo_ 1 1 1-)\HtM s s _ syY -0 o1 1-)\HtM
Cr= —n I+ (x - 1>1,/\HtMX] , Gr= T—no 1l gy » S~ sxa—sre: 1= 1_3(1_F (13 o 1_\HEMy
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s . L . .
where I' = &7 is a measure of steady state consumption inequality. Notice that 8¢, sy,
and s, take the same values as before. It is straightforward to see that pro- or counter-

cyclical risk, i.e., n # 0 leaves gf unchanged, i.e., & C—f As a result, the comparative

Cr
statics of ¢9, ¢?, and p?* do not depend on the cyclicality of income risk and are unaf-

fected otherwise up to replacing s by 3. Second, we consider the case where the proba-
bility to stay in the saver state depends on the future aggregate state of the economy; i.e.,
s(Y:+1). In this case, one arrives at the following representation

Cr— o1 1-p\MM < _ syY _ 1 1_\HtM
=1+~ )W'Hl» Cr*;l,/\mmx-, 57‘g+(1fs)pa= n=151-T77)(1- 3)gw~

Finally, defining == Cgf we arrive at the following comparative statics

rky

0= o 1—3§— \HtM

a—ﬁy 1 \HIM

0= 1 1 o 1o 1—x
% myGraosrep [ T et
E_LY 1oroa-s),
0sy FKyl—s

. - 0x
I R R R P

GNHEM — @ (1- )\HtM)Q ’

from where the results in the main text follow. Notice that the PRANK economy of
Acharya and Dogra (2020) leads to ¢y =1 — (RR L )28”8725’*) such that the comparative
statics are qualitatively similar to the ones w1th respect to s, when s depends on the
future aggregate state, i.e., procyclical risk reduces ¢ ¢ and E.

Statement (c). Following Proposition 2 in Gabaix (2020) the behavioral RANK model is
characterized by

. L g0
Cf—m and Bfm< 1—697’)1(1 9))
Notice that we have
0B aﬁf m Bom (1-7560)(1—-0)
= >1.
om0 e = T B et — Ao + (1= B0)(1—0) = |
In this case, we can define = = C%y’ with g—% = Tlﬁy such that we have

07 =B (1+(1=85)2) , dn=0;"(1+5), and p» =5;"(1-/(¢:Bf —DET) .
From there, we obtain

999
om

Sl

)
— [_5;2 (1+(1—8p)%2) 28711 - @)E} % + 871 (1= By)?
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= [-8;? —28; (1 - B)E]

(1]
=S
~
_|_
IS
=
_
I
=
~
e
3w
I
‘Q)
S
~
E
I

<0.

Moreover, we have

0n _ _

_ 5f
Cr G2 (1+3) 7

Finally, we show that

85);* [ﬁf ( [(%ﬁf—l)E‘l}%)—Z[(d»ﬂﬁf—l)ﬁ‘l}%mrl}m

+ o [0nBy -1 E (6 - )

=-B;° ( (6287 = )=~ ]7) T~ 5 L(0xBr = DET]
<0,
where the last inequality follows by the observation that

e R OBy [8ﬁf m } 50,

+

1
"o ¢ = il _
m m m

om ﬂf
This completes the proof of Statement (c).

Statement (d). Following Del Negro et al. (2023) the NK model with a perpetual youth
structure and no habit persistence admits the following representation

—1
1—-6(1— s
gf:(1+1%p fif’;)  Go=1, Bp=ps, HyzAﬁf(Hf%g), and k. =0,

where p € [0,1) denotes the probability to die and s/c is the wealth to consumption
steady state ratio. In this case, we can define = = i—{/ such that we have

¢g_ﬂ (1+(1_ﬂf) )a 575;:5;1(14—5), and pg*—ﬂJTl(l— (Qﬁﬂﬂf—l)E—l),

Notice that the following auxiliary results apply:

Kp_ 1-p(1-p)*
p fclJrgo (1-p)?
91 _ 4%

op op’

Oy _ B8 0

ap Y16 op

o= 1 (9Cf

A ry(1—B0Cs) Ip
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Using the previous auxiliary results, we obtain

8@1 _ -2 2 -1 = ¢y -1 2 ! %y
== =872 (1+ (1= 8/)2) - 25; (1_5f)“}587p+6f OB = ey o
e _ cf o 0By 109G

2,00 [L—Py 0By — By 9¢s
=y +{ B 1—9/3]72} ry O

>0,

where the terminal strict inequality holds as 6(1 4 5y) <2 dueto§ <1land gy <3< 1.
In a similar vein, we obtain for the upper regime threshold

9%5

W g2 (1+2)p%L

dp dp

The previous expression can be rewritten by substituting in for = as

s __g- 25%‘ b {1 _BCf] s;
dp f ky |1—=p80C; By | Op
2 5<f 5f 08y 9
i~ -
ky 1—B0C Op
Finally, the former expression can be simplified to
Db _ _p10G [B 108y ]_ L 39{1 S 95 ]
p Foop By kyl—pBO¢s BeCr Op Ky 1— 08¢

As a result, we obtain that 864’ =0if1 z ﬁf I egg To conclude the proof of statement

(d), we finally study the comparatlve statics of the output-maximizing persistence

9,9* ac; BrT 17 0 %Cf_%ﬁy
gp _—ﬁflpg*ﬁag_j;_(%ﬁf_l)?fl_ ¢Wﬁg£+(¢wﬁf—l)m
=—p;! g*ﬁaaif /321 :(¢w5f_1)}2;:_% {‘%ﬁg%@ (Onfy = )1jzﬁf%if§1?}
- —Bflpg*ﬁ% - Bél :(%Bf - 1)2: h {¢”B ~ (s =y —195f Cf} Z %C;
— ;155 - U [haty - v h {esr =0y -7 5. | ¢ o
— ;1L 7 oo - vg ) {1-r-0; ﬁﬁefﬂf}ga‘%



Notice that the sign of the previous expression is positive if 1 > (¢ — )1 9 ﬁ . Sub-

stituting in for the upper bound ¢’ = ﬂ;l ( + ) yields the sufficient condition 1 >

0Br Sr
1—93f Ky ®

Statement (e). Following Beaudry and Portier (2018) the NK model with an upward slop-
ing interest rate schedule admits the following representation

o 1

+ o
y CT: ?

. Br=8, my:A<1+ -

Cr=

> , and k>0,

o+ €p o+ €p -«

where ¢, € [0,00) captures the increase in borrowing costs depending on the level

of debt. Notice that x, does not depend on ¢,. In this case, we can define = =
(Bf—rr)Cs

BrCrrg T(Cr—Br)mr such that we have

0! =87 (1+(1-B)°E), & =8;"(1+E), and p% =p5;" (1— (mﬁf—l)al).

Notice that we have
% _

Oep o+ep

oG 1

aep_ o+ep

Crs and

G

As such, we obtain

e

9y
—I—apmr

0
o= (ﬂf _HT)TEJC [ﬁf(r"fy“' (Cf _6]”)“7“] (6]” _HT)Cf ﬁf )
= p

861” [/BfCr’iy + (Cf - Bf)“r]z
(9 ¢y

= (B - Hr)ﬁ
! ! [ﬁmeer(Cf—ﬁf)m]Q

Substituting in the expression for % and gé;, we finally obtain

0= _ (By —rr)By Crhir =0

8617 o+ €p [ﬁf@}/{y—l-(Cf—ﬁf)K@]Q B

from which the results stated in the main text directly follow.

3

Statement (f). Following Beaudry et al. (2024) the NK model with a cost channel of mon-
etary policy admits the following representation

1
a

w B 1+
_ —_1 _ _ bz _ b I+
=57, G = , Bp=p8, /‘iy—"‘i<1w [31+'>’ and “T—“<1W ﬂ1+>7
otep otep ol b e e

3

where ¢, € [0,00) captures the increase in borrowing costs depending on the level of
debt, W/P is the real wage, a and b capture the degree of substitutability between input
goods within the Leontief technology, 1 + i is the gross nominal rate, and 1 + 7 gross
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(1-6)(1—-80)
0

price inflation. Notice that x = > 0 does not depend on the nominal interest

(Bf_"ir)ff

ry+(Cr—Bf)rr such that we have

rate. In this case, we can define = = BC

?i:5f1(1+(1_5f)25)’ $§=5;1(1+E), and pg*:5;1(1_ (%ﬁf—l)E_l).

Subsequently, we define r = £

— 147
B W Bw
% = —m—%ﬁ and Orir = K—ab P
or 1w B 2’ or 1w g
Lp+b4 LP+6}

As a result, we obtain

0]
oz~ it (G = Ay = (B =y |16 L + G =05

or [BrCry + (Cf —5f)f€r]2

0
B _Cf 5. = [BrCrky + (Cp = Bp)rr + (Bp — k) (S — By)] — (Bf — Hr)CfﬁfCr%
[BCrty + (Cp — Bp)in]”

Ok, }

0K, 0
—Cr ; [BfCrky + B (Cr — By)] —(5f—f€r)CfﬁfCraL

876y + (Cp = By )ir]®
0
(G + (¢ = By)] + By = k) 52

0Ky

= ¢
dad Bty + (Cf — Bp)tin]?
8w
CrBy oy {
_ Criiy 4+ Cp— By — (B — kr)Cr } -
[5f§my+(§f—6f)m [iv;_’_g ]2 Y f f f

As a result, we obtain that ‘g—f § 0if ¢rry + Cr — By % (B — )G This completes the
proof of the statement in the main text. O

A.5 Additional Results

A.5.1 Comparative Statics in RANK We summarize comparative static results of the
regime thresholds of systematic monetary policy as well as the impact output maximiz-
ing persistence in Corollary 3. Relative to Corollary 1 from the main text, which focused
on the size of the intermediate regime (A), we consider subsequently levels.

COROLLARY 3. Consider the hump-shaped regime of Proposition 2 characterized by ¢ <
br < ¢,.. The following comparative statics apply.
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(@) The lower and upper thresholds (QW,EW) strictly decreases in k. Moreover, ¢ _

strictly decreases in (3, whereas ¢.. strictly decreases (respectively, increases) in 3 if

Ky > 5 286 ﬂg (respectively, K, < 259 1)

(b) The persistence threshold p* strictly decreases in k, and ¢r. Moreover, p* strictly
decreases in (3 if ky > 21[37976_91’ whereas 3 ¢ € (QW,EW) such that < 0V, €

(9ﬂ7¢;> and% 2 Ov¢7r S [¢:r7$7r) if’?y S 21‘1975701
Proof Corollary 3

PROOF. To show Statement (a) note that the comparative statics of ¢ and ¢,. with re-
spect to «,, follow in a straightforward manner. To compute the comparative statics with

respect to 3, we make use of the following relation: %—'z,y =— ﬁlﬁy. We then obtain
a(bﬂ' — — _ _ Ok
5 = B+ =8y T) =287 (1= Byt = BTN - B)Ry 2
_ _ _ 8 _ _ 1 B0
=BT (14 (=8 ) 2877 (L= By gk, + BT8Ry T
g2 2 —1 g B
=872 |1+ (1-8)x, (1+21—5 1_59”
<0,

where the terminal inequality is due to

Lo B _ BO__ 148 B0 _ (14A)(1-80)-O(1-5) _ 1-B9+8(1-6) _
-3~ T-p0 — 1-8  T-30 (1=B)(1=59) - (1-po) ~ "

Following similar steps, we obtain

0
B

Bo
1-p6

=—B72(1+r,") - —1@2%—? =—B72(1+r, ")+ 872k, !

_ po
=32 {Hnyl(ll_wﬂ :

which is strictly negative (respectively, positive) if £, > 216_95_91 (respectively, x, < 21'3_‘9591).

To show Statement (b) notice that the comparative statics of p* with respect to x,
and ¢, follow in a straightforward manner. Moreover, regarding the comparative statics
with respect to 5 we have

Jun

0
% —B72 1= ((¢n8 — 1)y

_v
1-36"

=

Bt -1
- T((%ﬁ—l)“y) * | brkiy — (Bor — 1)
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To begin with, taking the limit yields

i sen (aapﬂ ) P [1 (6,5 1)@)%} - /L(w B-1)r,) " {gfcy ~ (B9, — 1) _969@
——p-2 fjﬁ {/f%y +B7I =B - 9[39(1 - 8) }
o [ 15 - )
[ e L1

<0,
where the strict inequality is due to

11-p51-280 28(1—-B9)+(1—B)(1—-280) 1-—p0+pB(1-0)
2 5 1-80 2B(1 - B0) 2B(1 - B9)

Similarly, we obtain

op* BT —1 0 1_ 8?2 po
qs7171?;1)ngn<86> - [5 Ky + 877 — 1—59] =—— [1+f€y—1_ﬁ9} ;

250 1)

1+ >0.

2ﬁ9 1

which is strictly negative (respectively, positive) if x, > (respectively, ry <

Moreover, notice that we have

dp
0 ( 03 ) 6‘ AR ey hf
a()bﬂ_ (((bwﬁ — )fﬂ?y) ﬁ/ﬁ?y -+ Z(((bwﬁ - )’iy) Ky (ﬁﬂ’iy - (6¢ﬂ' - )1 7 ﬁe’iy

_ o 0
*BT((‘ﬁﬁﬂ*l)“y) “ Ry [1 1?@9}

((qﬁﬂ,ﬁ ) ) 1Iiy 11— ((¢Wﬂ ) >_%Hy |:¢7rffy - (B¢7T - ].) 1 _9595?/]

5o
1 1 - 0 1 6
== ((¢nB—1)r )Zﬁy{z(%g_l+1—ﬁ6_21—ﬁeﬁy}'

To determine the sign of the previous expression, notice that % is strictly decreasing

[\3\>—~ [\')\H

in ¢,. Therefore, the derivative can switch signs at most once on ¢, € (Qﬂ,%r). As a
result, we arrive at the following case distinction:

1. If ky > 2166691’16 lim sgn<85> <0, then <0V¢7r (gbw,aﬂ).
Srt

2. If Ky < 2801 je, ¢hﬁ; sgn( %) >0, then 3 ¢ € (Q,T»$7r> such that %p* <

0Y6r € (6,.07) and 97 > 06 € (65, 9,.).
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A.5.2 Cumulative Output Gains In this section, we examine how the degree of persis-
tence shapes cumulative output gains in the context of a RANK economy. Proposition
16 summarizes our findings.

PROPOSITION 16. The cumulative output multiplier monotonously increases in the per-
90y (1)

sistence of a DIS-demand shock, i.e., —3 o= >0.

Propositions 2 and 16 together imply that the persistence of the DIS-demand shock
possibly engenders a short-versus long-run stabilization trade-off. First, a more persis-
tent DIS-demand shock drives short-run and cumulative output in the same direction
if o < Qw. Second, a more persistent DIS-demand shock drives short-run and cumu-
lative output in the same direction for p < p* and in opposite directions for p > p* if
¢ < or < ¢.,.. Finally, a more persistent DIS-demand shock unambiguously reduces
short-run output gains at the expense of higher cumulative output gains if ¢ > ¢...

Proof Proposition 16

PrROOF. The cumulative output multiplier is given by
L—p  (1=p)(A+ ¢y —p)(1 = Bp) + ry(dx — p)(1—p)

Definingz = (1 — p) (1 4+ ¢y — p) (1 — pfB) + Ky (¢x — p) (1 — p) we obtain its comparative
static

Cy(1)

2220 511 )1+ 6, = ) (1= p8) + 1y (6~ P) (1 )]

—a=g0{-1-0 0 -p8) - 140, - pli-Gp+ 501}

—(1—ﬂp){—f€y[1—p+¢w—p]},

which can be further simplified to

9Cy(1)

EQTP =—Bry(¢r —p)(1—p) +2(1 - p)(1 - Bp)? + Py(1— B)?

+hy(L=Bp)[L=p+ bz —p] -
The previous expression can be rewritten as

72 80{}1(1) =ty [(6r — p)(1 = B) + (1= p)(1 = Bp)] +2(1 = p)(1 = Bp)* + ¢y (1~ Bp)?

=ky [¢x(1 = B)+1—2p+Bp*] + (2—2p+ ¢y) [1 - 2Bp+ (Bp)?]
=280 + [+ Ky + B2+ ¢y)] Bp® —2[L+ kiy + B2+ dy)l p+ iy [or (1= B) + 1] + 2+ ¢y .

As a result, we have

9Cy(1) _ =26%0° + [4+ ky + B2+ 6y)] Bp® —2[1+ sy + B2+ 6] p+ 1y [x (1= B) + 1] +2+ 6y
op [(1=p) (14 &y — p) (1= pB) + ky (6 — p) (1 = p)]?
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The sign of the previous expression is determined by the numerator, which constitutes
a third order polynomial in p. Thus, it can have at most three roots and change its sign
thrice on p € [0,1). To begin with, let us define the numerator by Cy(1) =, p3 + hpp? +
Yep +1a, where

o =—28%,

Uy =B+ Ky + B2+ dy)
Ye=—2[1+ry + B2+ ¢y)],
Ya =ty [or(1—B) +1]+2+ ¢y .

It follows that lim Cj/(1) >0and lim Cy(1) <0. In particular, we have
p——00

p—00

lim C(1) =y [6n(1 = 6) + 1] +2+ 9, > 0,

lim C3(1) = (1= 8) [(1 = B)ey + 1y (6 = 1)] > 0.
where the sign of the last term is determined by the Taylor principle. To complete the
proof, we proceed by case distinction. First, consider the case where Cy(1) has a unique
triple root and, thus, flips sign only once. This implies that Cj/(1) >0 on p € [0,1). Sec-
ond, consider the case where C/(1) has two distinct roots, one of them double. Again,
this implies that it flips sign only once and, thus, Cy}(1) > 0 on p € [0,1). Last, consider
the case where Cy(1) has three distinct roots. We show that both local extrema are lo-
cated on (1,00) such that Cy (1) is strictly decreasing but positive on p¢ € [0,1). They are
characterized by

3Yap® + 2pp +1he =0
with corresponding roots

P 600 - 30a

To begin with, we show that both roots are real, i.e.,

P2 = 3hathe = B2 A+ Ky + B2+ ¢y)]2 — 1282 [1 + 5y + B2+ 6y)]

52{44_@4_5 2+ ¢y))° —12[1+Hy+5(2+¢y)]}

B2316 4 8 [ky + B(2+ dy)] + [Hy+5(2+¢y)]2_12[1+“y+5(2+¢y)]}

{
/32{4 Ay + B2+ dy)] + [ny+6(2+¢y>]2}
{

2
5232 — [ry + B( 2+¢>y)]} >0.
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As 14 < 0, the smaller root is given by

U+ (U - Buae

3Ya

We then show that the latter is strictly larger than unity, i.e., p~ > 1, which is equivalent

to
3Ya +¢b > \/ ¢§ - 3%% .

Notice that 3¢, + ¢, = [y + By +4(1 — )] > 0 such that the previous inequality can
be rewritten as

(300 + 1) > VE = 3batbe & 302+ 20y +athe >0 S Yo (3t + 20y + ) > 0.

As ¢4 <0, the terminal inequality holds true because

Btha + 2 + e = =687 + 28[4+ ry + B2+ 6y)] — 2[L+ £y + B2+ )]
=204+ ry + B(dy —1)] = 2[1+ Ky + B2+ ¢y)]
=86 +2Bky +28%(dy — 1) — 2 — 2y — 48 — 2B,
=48 — 2ky(1 — B) — 2B¢y(1 — B) — 2 — 252
=-2(1-p)[ky +Bdy +1-p] <0,

which concludes the proof. O

A.6 Numerical Example

We conclude this section with a brief numerical example based on the general analytical
model. Specifically, we determine the respective monetary policy regime thresholds as
well as the output-maximizing persistence p-max of Proposition 13. Three key take-away
results stand out: first, the hump-shaped impact output response occurs for the bulk of
reasonable calibrations; second, p-max lies in a plausible range for 0.65 — 0.75 for most
models; third, only models that act on the forward-looking NKPC channel (i.e., 57) are
close to have a monotonic impact output multiplier response in the persistence of the
DIS demand shock. We gather our results in Table A.1.

Specifically, we choose the following parameter values. We specify throughout all
model variants «, = 0.15. Moreover, the elasticity of current aggregate demand with re-
spect to future income takes two values, i.e., (y € {0.85,1.00}, where the former corre-
sponds to a discounted DIS equation (as obtained under a WUNK or a behavioral NK
model) and the latter to a RANK economy. Additionally, we specify the real interest rate
elasticity as ¢, € {1.00,1.50}, where the former realization reflects, for instance, logarith-
mic preferences and the latter additional amplification from a T(H)ANK model. We set
the sensitivity of current inflation with respect to future inflation to 3¢ € {0.99,0.80}. No-
tice that the first value is the standard discount factor, whereas the latter is the effective
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TABLE A.1. Determinacy, monetary policy regimes, and p-max.

MODEL PARAMETERS DETERMINACY REGIME PERSISTENCE
S N ] Cat ) B (N oo
A. RANK Models
RANK 1.00 1.00 0.99 0.00 0.15 (1.00, c0) (1.01,7.74) 0.74
WUNK 0.85 1.00 0.99 0.0 0.15 (0.99, 00) (1.01,6.73) 0.71
Behavioral RANK 1 1.00 1.00 0.80 0.00 0.15 (1.00, c0) (1.58,9.58) 0.99
Behavioral RANK 2 0.85 1.00 0.80 0.00 0.15 (0.80, 00) (1.53,8.33) 0.99
B. HANK Models
TANK 1.00 1.50 0.99 0.00 0.15 (1.00, c0) (1.01,5.50) 0.68
WU-TANK 0.85 150 099 0.00 0.15 (0.99, 00) (1.01,4.83) 0.65
Behavioral TANK 1 1.00 1.50 0.80 0.00 0.15 (1.00, 00) (1.47,6.81) 0.98
Behavioral TANK 2 0.85 150 0.80 0.00 0.15 (0.87,00) (1.44,5.97) 0.96
C. RANK Cost Models
RANK 1.00 1.00 0.99 0.05 0.15 (1.00, 00) (1.01,7.38) 0.73
WUNK 0.85 1.00 0.99 005 0.15 (0.99, 00) (1.01,6.71) 0.71
Behavioral RANK 1 1.00 1.00 0.80 0.05 0.15 (1.00, 00) (1.54,8.46) 0.99
Behavioral RANK 2 0.85 1.00 0.80 0.05 0.15 (0.79, ) (1.51,7.76) 0.99
D. HANK Cost Models
TANK 1.00 1.50 0.99 0.05 0.15 (1.00, 00) (1.01,5.26) 0.67
WU-TANK 085 150 0.99 0.05 0.15 (0.99, ) (1.01,4.75) 0.65
Behavioral TANK 1 1.00 1.50 0.80 0.05 0.15 (1.00, 00) (1.45,6.18) 0.97
Behavioral TANK 2 085 150 0.80 0.05 0.15 (0.86, ) (1.42,5.61) 0.95

discount factor under cognitive discounting. In the presence of a marginal cost channel
of monetary policy we set, consistent with Assumption 2, x, = 0.05. As a result, the con-
dition Gy > (1 + (f)k, is satisfied throughout such that determinacy is guaranteed if
the inflation feedback in the Taylor rule is sufficiently aggressive, i.e., ¢, > gzb . Finally, we
specify monetary policy in terms of a contemporaneous interest rate rule with ¢ =1.50
and ¢, = 0.00.

To begin with, consider the RANK model as our benchmark economy. Under this
calibration, the model locates in the hump-shaped regime of Proposition 13 as ¢? <
br < 32, where ¢_=1.01and ¢, = 7.74. The output-maximizing persistence is given
by p9* = 0.74 > 0.50, which corresponds to the baseline value used by Gali (2015) for
monetary shocks. As such, the persistence can be further increased to maximize the im-
pact output stimulus. When considering deviations from the RANK benchmark, it can
be seen that a discounted DIS equation, i.e., (y = 0.85, decreases ¢, @7, and p9* only
sightly. In contrast, 8y = 0.80 < 0.99 increases ¢, ¢7, and p9* substantially such that the
impact output multiplier becomes monotonously increasing in the persistence of the
DIS demand shock. These insights carry over to a class of heterogeneous agent models
that admit a higher real interest rate sensitivity, i.e., ¢, = 1.50. In this model class er , 63,,
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and p9* decrease slightly relative to their RANK counterparts. Note that similar results
would be obtained in the class of models that jointly increase ¢, (y, e.g., HANK mod-
els with idiosyncratic counter-cyclical income risk, whenever the rise in (, outweighs
the one in (. Finally, adding a marginal cost channel of monetary policy only slightly
reduces ¢7, @7, and p9*.

APPENDIX B: Quantitative Appendix
B.1 Local Determinacy

Our model features a locally determinate equilibrium under the benchmark calibration.
Recall that the systematic monetary policy parameters (¢, ¢,) have a dual role in our
analysis. On the one hand, they ensure a determinate equilibrium. On the other hand,
they are crucial in determining the monetary policy regimes. Out of this reason, we show
the determinacy region for the benchmark economy and various model variants in Fig-
ure B.1. Most of the quantitative findings are guided by our analytical determinacy dis-
cussion from Proposition 11.3!

To begin with, let us consider the determinacy properties of the benchmark econ-
omy in Sub-Figure B.1a. Due to behavioral expectation formation in form of cognitive
discounting, the benchmark model features a discounted bond DIS equation such that
its dynamics are locally determinate even under an interest rate peg, i.e., ¢ = ¢, =0
(see Gabaix (2020)). Importantly, the model is indeterminate if ¢, is sufficiently high
and, simultaneously, ¢, too low in the presence of a cost channel of monetary policy
(see Beaudry et al. (2024)). This interaction is well-illustrated in Sub-Figure B.1b, i.e.,
the model is locally determinate in the absence of a cost channel of monetary policy
(1 = 0.00) on the entire parameter space.

Moreover, in Sub-Figure B.1c we show that the departure from rational expectations
crucially alters the (in)determinacy regions. Under rational expectations (i.e., pp = p, =
1w = 1.0) idiosyncratic income risk leads to a compounded bond DIS equation and
hence requires a more aggressive Taylor feedback to inflation for determinacy (Acharya
and Dogra, 2020, Bilbiie et al., 2022, Bilbiie, Forthcoming), i.e., ¢, needs to be strictly
positive. What is more, under rational expectations the indeterminacy from the cost
channel of monetary policy arises under much lower values of the inflation feedback,
i.e., ¢ ~ 4, provided that the output feedback ¢, takes a value near zero.

In Sub-Figure B.1c we plot the determinacy region under a larger elasticity of in-
tertemporal substitution (¢ = 0.33). Two observations stand out: on the one hand, the
indeterminacy region due to the cost channel of monetary policy disappears (or occurs
at a much higher value for ¢); on the other hand, the behavioral expectation formation
is not sufficient anymore to ensure determinacy under an interest rate peg.

Finally, we study the impact of two modelling choices related to price and wage set-
ting mechanisms. First, we simultaneously shut off partial price and wage indexation
(xp = Xw = 0). As such, the determinacy region becomes much smaller. This is the case

31As the regimes in the analytical section were only determined by the Taylor feedback with respect to
inflation, we choose a much larger grid for ¢ as for ¢, in Figure B.1.
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FIGURE B.1. Regions oflocal determinacy and indeterminacy for several model variants.
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Note: The grey shaded area denotes the model implied indeterminacy region, whereas the white region
denotes the determinacy region. Each model variant is obtained by changing only the parameter value
denoted inside the sub-caption, while keeping the baseline values of Table 1 otherwise unchanged.

as the contemporaneous and forward-looking drivers of inflation gain in weight in the
NKPC, which increases the nominal interest rate response and, hence, the active forces
of the cost channel. Second, we study a model variant with flexible wages (6., = xw =0).
In this case, behavioral expectations are no longer sufficient to restore determinacy un-
der an interest rate peg. The reasoning is as follows: the real wage response and the ag-
gregate demand complementarity between saver and hand-to-mouth households are
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much more pronounced under flexible wages such that the monetary authority must
fight inflation in a sufficiently aggressive manner (see Colciago (2011)). As a byproduct,
indeterminacy from the cost channel disappears as well (or occurs at a much higher
value for ¢).

B.2 Impulse Response Functions

FIGURE B.2. Impulse Response Functions of DIS Demand Shocks
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Legend: The IRFs are denoted in terms of percentage deviation from steady state. IRFs of the nominal in-
terest rate, inflation, and the real interest rate are expressed in annual terms.

B.3 Monetary Regimes

FIGURE B.3. Monetary Policy Regimes Bond Premium and Monetary Policy Shocks
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