Collaborative _4 MANNHEIM

Research Center
Transregio 224

u }i‘ EPoS UNIVERSITAT

UNIVERSITAT

Discussion Paper Series — CRC TR 224

Discussion Paper No. 785
Project C02

The Power of Persistence
How Demand Shocks and Monetary Policy Shape
Macroeconomic Outcomes

Fabrice Collard?
Patrick Féve?
Philipp Wangner3

October 2026

1Toulouse School of Economics, CNRS&CEPR. Email: fabrice.collard@tse-fr.eu
2Toulouse School of Economics &University of Toulouse Capitole 1. Email: patrick.feve@tse-fr.eu
3University of Mannheim. Email: philipp.wangner@uni-mannheim.de

Support by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation)
through CRC TR 224 is gratefully acknowledged.

Collaborative Research Center Transregio 224 - www.crctr224.de
Rheinische Friedrich-Wilhelms-Universitdt Bonn - Universitdt Mannheim



THE POWER OF PERSISTENCE

How Demand Shocks and Monetary Policy Shape Macroeconomic Outcomes

FABRICE COLLARD
Toulouse School of Economics, CNRS & CEPR

PATRICK FEVE
Toulouse School of Economics & University of Toulouse Capitole 1

PHILIPP WANGNER
University of Mannheim

August 31, 2026

Abstract: Does a more persistent demand shock always generate a larger out-
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shock, the stronger the expansion. This paper shows that this logic fails in New
Keynesian models with an active monetary policy. The interplay between persis-
tence and monetary policy stance governs a fundamental trade-off between two
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1. Introduction

The macroeconomic literature that aims at identifying the main sources of fluctuations
consistently reports that aggregate demand shocks are key drivers of the business cy-
cle. In the structural vector autoregressive (SVAR) literature, Blanchard and Quah (1989),
among others, show that demand shocks account for almost all output volatility at very
short horizons, Gali (1992) estimates that IS shocks explain about a third of short-run
output growth, and Christiano et al. (2005) find that monetary policy shocks account for
roughly 15-20% of GDP growth at one year (about 40% after two years). Quantitative Dy-
namic Stochastic General Equilibrium (DSGE) models deliver a very similar message—
overall, demand shocks explain more than 50% of output fluctuations in Smets and
Wouters (2007) and Bilbiie et al. (2023), while Christiano et al. (2010) put the short-run
contribution of monetary policy shocks around 15-20%. Yet, despite this consensus, a
critical dimension of their transmission remains largely unexplored: how does the per-
sistence of a demand shock shape its macroeconomic impact?

This question is not merely theoretical. Empirically, the persistence of demand
shocks varies considerably across episodes—from short-lived disruptions such as tran-
sitory confidence shocks or temporary monetary policy interventions, to longer-lasting
forces such as sustained shifts in aggregate demand or persistent shifts in policy tar-
gets. Theoretically, the common wisdom is that greater persistence amplifies the im-
pact response of aggregates. Intuitively, more persistent shocks raise the present value
of lifetime resources and induce forward-looking agents to front-load private spending,
prompting a greater response of macroeconomic variables.

Main Contribution. This paper challenges this conventional wisdom. Our main point
of departure is that this reasoning implicitly holds the real interest rate fixed (see Hall,
1978) and is likely to fail in general equilibrium. In this paper, we analyze how, in the
New Keynesian (NK) framework, a persistent demand shock that shifts the dynamic IS
(DIS)! equation affects short run multipliers, in particular that of output. Indeed, in this
class of models featuring an active monetary policy rule, higher persistence, by reshap-
ing expected inflation dynamics, triggers a stronger response of the real interest rate that
dampens fluctuations. We make two main contributions.

First, we analytically show that the relationship between shock persistence and the
short-run output multiplier is driven by the interplay between two channels that move
in opposite direction: a permanent-income (PI) channel and a real-interest-rate (RIR)
channel. The presence of these two forces leads to the existence of three distinct regimes
that depend on the stance of systematic monetary policy. In particular, we show that, in
the intermediate regime, there exists a non monotonous relationship between persis-
tence and the output multiplier.

Second, we assess, through various quantitative experiments, the empirical rele-
vance of our analytical findings in a medium-scale DSGE model that matches key fea-
tures of the transmission of demand shocks in the U.S. economy. We show that the in-
termediate hump-shaped regime is indeed the empirically relevant case. This finding is
robust across a population of models and thus challenges the conventional wisdom.

1 This class of so-called DIS shocks captures, among others, standard monetary policy shocks, bond pre-
mium shocks, capital tax shocks, or shocks to liquidity preferences.
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Analytical Insights. We consider a textbook three equation version of the Represen-
tative Agent New Keynesian (RANK) model (see, e.g. Woodford, 2003, Gali, 2015) with
a standard monetary policy rule that reacts to expected inflation (Clarida et al., 2000)
and obtain the analytical response of aggregates to a DIS shock. We then decompose
the output impact multiplier into the sum of the PI and the RIR channels. The PI chan-
nel encapsulates the expected discounted effect of demand shocks on agents income, is
independent of monetary policy and is strictly increasing in the degree of persistence.
The RIR channel captures the expected discounted sum of the reaction of the real inter-
est rate, reflecting the interaction between persistence, systematic monetary policy, and
nominal rigidities. As persistence rises, the PI channel strengthens because the shock re-
sembles a shift in the path of private spending rather than a temporary fluctuation (see
Hall, 1978). At the same time, greater persistence strengthens the RIR channel because
inflationary pressure becomes longer-lived; once monetary policy systematically leans
against expected inflation, agents anticipate a tighter real interest rate path, and that
anticipated tightening operates as an automatic stabilizer whose force increases with
persistence.

Systematic monetary policy shapes the interaction between these two forces and
yields a clean three-regime classification. When inflation stabilization is accommoda-
tive, the RIR channel is muted and higher persistence unambiguously amplifies the
impact output multiplier. When systematic monetary policy is sufficiently aggressive,
the RIR channel dominates and higher persistence reduces the impact effect. Between
these two cases lies a broad intermediate region in which the impact multiplier is hump-
shaped in persistence: as persistence rises from low levels, the PI channel initially dom-
inates and the multiplier increases; beyond a threshold, the anticipated real interest
rate response becomes strong enough that additional persistence reduces the impact ef-
fect. The implication is counterintuitive and sharp: a relatively transitory demand shock
can generate a larger contemporaneous output expansion than an almost permanent
one—not because the shock is smaller, but because the expected policy response differs
sharply once inflation is anticipated to remain elevated for longer.

This regime classification is robust to natural extensions of the baseline monetary
policy rule. Rules that react to current rather than expected inflation, include the output
gap, or feature interest-rate smoothing preserve the same PI/RIR trade-off; these modifi-
cations primarily shift the boundaries between regimes by dampening or amplifying the
RIR channel, without altering the underlying logic. The non-monotonicity is also symp-
tomatic of demand-type shocks specifically: for cost-push shocks, persistence does not
operate through the same front-loaded expenditure motive, and output responses de-
cline monotonically. However, the hump-shaped relationship between persistence and
the multiplier is shifted to the inflation rate. Finally, because both channels operate
through expected paths, the same logic extends to cumulative multipliers: greater per-
sistence can raise cumulative output effects when policy is accommodative, but lower
them when policy is aggressive, as the prolonged inflation impulse induces a prolonged
real-rate offset that compresses activity over time.
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Quantitative Exploration. We then show that the regime classification does not hinge
on the RANK framework or on particular model ingredients, but instead arises as a gen-
eral implication of the underlying New Keynesian structure-both in more general ana-
lytical setups as well as in more quantitative environments.

To this end, we develop a calibrated medium-scale DSGE model that captures key
features of the transmission of demand shocks and extends our analytical results to a
richer framework. Specifically, the model features capital accumulation with adjustment
costs, heterogeneous households (savers and hand-to-mouth households) that face a
precautionary saving motive from the interaction of idiosyncratic income risk and cycli-
cal consumption and income inequality, a departure from full-information expectation
formation, a working-capital channel, as well as price and wage nominal rigidities with
respective indexation.?

A calibrated version of the model gives rise to the same three regimes, with the inter-
mediate regime being empirically salient: for a wide range of central bank inflation-
response coefficients consistent with standard estimates, the impact multiplier is
hump-shaped in persistence, reaching its maximum for persistent but not permanent
demand shocks. The PI/RIR trade-off is therefore not a theoretical curiosity; it is the
relevant case under policy rules commonly used to describe postwar monetary policy.

Sensitivity exercises reveal how standard model ingredients shift the balance be-
tween PI and RIR channels and thereby move the economy across regimes. Departures
from full-information expectations are pivotal: imposing rational expectations strength-
ens the inflation-expectations channel and the associated policy-induced real-rate off-
set, shifting the economy toward earlier RIR dominance and lowering the persistence at
which the multiplier peaks. The configuration of nominal rigidities matters most quan-
titatively. When wages are flexible but prices are sticky, the economy enters the RIR-
dominant region at much lower persistence because inflation and policy respond more
sharply to the demand shock. When prices are flexible but wages are sticky, the mon-
etary policy response can offset the demand shock even on impact, so that persistent
demand expansions become comparatively weak and, in some parameterizations, con-
tractionary. On the contrary, reducing the share of hand-to-mouth consumers strength-
ens forward-looking spending responses and shifts the economy toward the PI side:
multipliers rise and the persistence that maximizes them increases. Importantly, cycli-
cal income inequality leaves the regime characterization almost unaffected as induced
variations in the PI and the RIR channel quantitatively offset each other in the presence
of sticky prices and sticky wages.

We also extend the framework to study monetary-fiscal interactions. The cyclicality
of public spending changes the effective monetary regime: more countercyclical spend-
ing strengthens inflation and triggers a tighter expected real interest rate response under
a given rule, while procyclical spending does the opposite.

Finally, a Monte Carlo experiment draws widely parameters related to household
preferences, technology, nominal rigidities, fiscal and monetary policy coefficients,

2These features were introduced in the literature to account for several prominent empirical puzzles,
including the lack-of-amplification puzzle, the forward-guidance puzzle, the missing-inflation puzzle, and
the hump-shaped response of inflation and prices.



household heterogeneity, and expectation formation to evaluate the robustness of our
findings across a broad population of models. Three results emerge. First, the three-
regime structure is pervasive: a substantial share of draws produces hump-shaped mul-
tipliers rather than this arising only for a thin parameter set. Second, the intermediate
regime aligns with empirically plausible monetary policy behavior: inflation-response
estimates commonly reported in the Taylor-rule literature typically fall in the range
where both PI and RIR forces matter. Third, the persistence that maximizes the mul-
tiplier is often higher than empirical estimates of demand-shock persistence, imply-
ing that many empirically estimated models operate on the upward-sloping part of the
multiplier—persistence relationship. The same pattern appears for consumption, invest-
ment, hours worked, and asset prices, indicating a general transmission logic rather
than a mechanism specific to a single margin.

Taken together, the analytical and quantitative results highlight the central role of
the persistence of demand shocks for both transmission mechanisms and policy design:
output multipliers cannot be inferred from persistence alone, nor summarized by more
or less aggressive systematic monetary policy in isolation. What matters is the interac-
tion between persistence, the systematic policy rule agents anticipate, and the structural
features that determine whether Pl incentives or RIR offsets dominate as shocks become
longer-lived. From this perspective, persistence is a policy-relevant object.

Related Literature. This paper contributes to three strands of the literature.

First, our analytical analysis is rooted in the canonical RANK framework of Wood-
ford (2003) and Gali (2015). However, the regime characterization and the PI/RIR logic
apply naturally to a larger class of tractable New Keynesian models that feature house-
hold heterogeneity through cyclical income inequality (Bilbiie, 2008, Broer et al., 2020,
Bilbiie, 2020, Debortoli and Gali, 2024) or cyclical idiosyncratic income risk (Werning,
2015, Acharya and Dogra, 2020, Ravn and Sterk, 2020, Bilbiie, 2025), a departure from
the full information rational expectation assumption (Angeletos and Lian, 2018, Farhi
and Werning, 2019, Gabaix, 2020, Pfauti and Seyrich, 2023), or other wedges relevant for
intertemporal substitution (Campbell et al., 2017, Michaillat and Saez, 2021, Del Negro
et al., 2023, Beaudry and Portier, 2018, Beaudry et al., 2024).3 Our quantitative analysis
operationalizes many of these ingredients in a medium-scale DSGE model in the tradi-
tion of Christiano et al. (2005), Smets and Wouters (2003, 2007), Gali et al. (2007) and
Bilbiie et al. (2022). The paper thus provides a unified interpretation of why popular
model extensions can produce different multipliers even when hit by the same type of
demand shock.

Second, our paper contributes through the PI/RIR decomposition to an ongoing de-
bate over whether NK transmission meaningfully operates through the real interest rate
channel. Several contributions argue that the observed negative co-movement between
output and real interest rate responses may be fragile and could instead be a result of
specific parameterizations rather than structural properties (Barsky et al., 2007, Rupert

3To the extent that tractable models can approximate dynamics of quantitative incomplete market mod-
els, our results also apply in the HANK framework (see, among many others, McKay et al. (2016), Kaplan
etal. (2018), Auclert (2019), Bayer et al. (2019)).



and Sustek, 2019, Brault and Khan, 2022). Our results reconcile these views by showing
that the RIR channel is endogenous: its strength depends jointly on shock persistence
and on how aggressively monetary policy stabilizes inflation. Disagreements about the
RIR channel can therefore reflect differences in beliefs about the persistence of demand
forces and in the prevailing policy regime.

Finally, our analysis relates to work that documents time-variation in systematic
monetary policy and policy regime changes. Empirically, Istrefi (2018) constructs a mea-
sure of systematic monetary policy preferences, classifying 130 FOMC members serving
during 1960-2015 into hawks, doves, and switchers based on newspaper and financial
media coverage. Her analysis shows that the composition of hawks and doves varies
significantly at the FOMC level, featuring slow- and fast-switching hawkish and dovish
regimes.* Structurally, Bianchi (2013) documents recurrent shifts between dovish and
hawkish monetary-policy behavior and shows that beliefs about future regime changes
are central for interpreting postwar U.S. dynamics. Bianchi and Ilut (2017) extends this
perspective to the joint monetary—fiscal policy mix. We complement this literature by
clarifying a distinct transmission mechanism: regime shifts need not merely rescale
multipliers; they can change how multipliers vary with shock persistence by altering the
balance between PI incentives and policy-induced movements in expected real rates.”

Paper Outline. The paper proceeds as follows. Section 2 develops the analytical results
in the RANK model and establishes the PI/RIR decomposition. Section 3 discusses ex-
tensions to alternative monetary policy rules, cumulative multipliers, alternative prop-
agation decompositions, and other shocks. Section 4 presents the quantitative DSGE
analysis, decomposes the role of key mechanisms, studies the interaction between mon-
etary and fiscal policy, and assesses the empirical plausibility through a Monte Carlo ex-
periment. The final section concludes. Proofs and additional results are provided in the
online appendix.

2. Demand Shock Persistence in the RANK Model

It is commonly accepted that, in rational expectations forward-looking models in which
agents value the future positively, more persistent shocks have larger effects on macroe-
conomic outcomes, particularly output. This occurs because agents front-load their re-
actions based on the expected discounted future effects of the shock, with greater persis-
tence increasing its present value and triggering a stronger response. This section shows
that this logic fails to hold in New Keynesian models. Starting with the textbook dis-
crete time sticky price RANK economy (see e.g. Woodford, 2003, Gali, 2015), we highlight
two opposing propagation channels that shape the relationship between shock persis-
tence and output—a permanent income channel and a real interest rate channel. We

4Cieslak et al. (2023), Hack et al. (2024), or Granziera et al. (2025) document similar time variations.

5This perspective also connects to Bianchi et al. (2022) and Bianchi and Melosi (2013), who show that
beliefs about regime duration shape real rates and business-cycle outcomes. We do not model learning
explicitly, but our results clarify why such belief revisions matter for business-cycle outcomes: when agents
place more weight on the persistent component of demand (or on a longer-lived policy stance), systematic
policy determines whether persistence is amplified into real activity or offset by anticipated tightening.
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then 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

We consider a closed economy whose equilibrium dynamics are summarized by the fol-
lowing (log-)linear equations:

Yt = Eilye1] — (it — Ee[mepa] = 7) + & 1)
7y = BE¢ [meg1] + Kyt 2)
it =7+ ¢rEe[miqa], 3)
§e=p&t—1+eey, 4)

where y;, 7; and i; denote respectively output, the inflation rate and the nominal inter-
est rate. & is a demand shock. E;[-] is the full information rational expectation operator
conditional on the information set available at period ¢.

Equation (1) specifies the DIS equation and captures intertemporal consumption-
saving decisions, that fundamentally depend on the real interest rate gap ry — 7 = i; —
E¢[ms41] — 7, where 7 > 0 is the natural rate of interest.® Equation (2) defines the NKPC,
which describes the price-setting behavior of intermediary firms. The sensitivity of cur-
rent inflation to expected future inflation is governed by the discount factor 8 € (0,1),
while a marginal cost channel links current inflation to output via s, > 0. The exact
micro-foundations of the NKPC are immaterial 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 perspective 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 expected inflation.” Finally, Equation
(4) specifies the stochastic process for the exogenous DIS-demand shock &, modeled as
an autoregressive process of order one, AR(1). We consider, in line with the empirical
evidence, a positive persistence parameter p € [0,1).%

Bullard and Mitra (2002) show that the equilibrium of model (1)-(4) is stable if and
onlyifl < ¢, <™ =1+ 2048) e the Taylor principle holds, but the Central Bank

Ry

6Implicit 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. Without technology shocks, the
natural rate, r}*, equals the discount rate, 7 = —In 8 > 0, where 8 € (0, 1) is the household’s discount factor.

“We follow the suggestion of an anonymous referee and specify the Taylor rule in terms of expected
inflation (see, e.g., Clarida et al. (2000)) mainly for tractability purposes as it greatly simplifies the algebra
and allows to recover some important results as limit cases. We will later consider a Taylor rule featuring
both contemporaneous inflation and output gaps.

8A 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‘ft — 1)R: or a real bond premium of (e“5t — 1)R¢/m¢+41, where In Ry = i¢. In that case, & is
referred to as a bond premium shock.



is not too aggressive. Under the previous condition the solution dynamics take the form

yr=My(p)&e, m=Mz(p)st, =T+ M;i(p)&, and r =7+ M, (p)&,

where the multipliers M (p), « € {y, 7, i,r} are given in the following proposition.

PROPOSITION 1. Ifl < ¢ < ¢, the locally determinate solution of the model yields the
following impact output multiplier:

1
M., (p) =
O e 1)

/>0
1-28p

In addition, impact multipliers for inflation, the nominal and real interest rate are:

Ky

Mw(p)Zlfﬂp

My(p), Mi(p)=dzpM=(p), and M;(p)=(¢x —1)pMz(p).

The impact multipliers are such that the proposed decision rules solve system (1)-(3)
using (4). 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.

A key insight from our analysis is that the short-run output response reflects the
combination of two forces that operate in opposite directions: a permanent income (PI)
channel and a real interest rate (RIR) channel. To make this decomposition explicit, eval-
uate the dynamic IS equation (1) at the general equilibrium solution:

My(p) = pMy(p) — Mr(p) +1.

Rearranging term yields

1 Mq(p)
1—p 1—-p

= My(p) — M.(p) - (5)
—— ——

PI Channel RIR Channel

The PI channel, M, (p), captures the expected discounted effect of the demand shock on
agents income. It is entirely independent of monetary policy and is strictly increasing in
the degree of persistence.

The PI channel can simply be isolated by considering a monetary policy that offsets
expected inflation one-for-one, i.e. . — 1. This policy nests the fixed real interest case,
de facto eliminating the RIR channel. In that case, amplification only occurs through
permanent income motives yielding the multiplier

li =
@iglf\/ly(p) T,

which increases monotonically with persistence.
With active monetary policy, ¢, > 1, the RIR channel becomes operative because
the real rate reacts to expected inflation, r; — 7 = (¢ — 1)E¢[m+1]. The RIR channel,
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M..(p), captures the expected discounted sum of the reaction of the real interest rate.
This term reflects the interaction between persistence, systematic monetary policy, and
nominal rigidities. Whenever M. (p) increases with p, the RIR channel works against the
PI channel. Proposition 2 shows that in the baseline RANK economy, this monotonicity
property holds in so far as the Taylor principle is satisfied.

PROPOSITION 2. Under the Taylor principle, the real interest rate increases monotically in
the persistence of a DIS-demand shock, i.e., M..(p) > 0.

A key implication of the NKPC is that this policy feedback strengthens dispropor-
tionately with persistence as the long-run effect of a given increase in current and ex-
pected future marginal costs on inflation is scaled by the factor (1 — 8p)~!, which is
increasing and convex in p. Intuitively, higher persistence raises not only current infla-
tion but also expected future inflation, thereby amplifying the response of the real rate.
The RIR channel therefore depends fundamentally on expectations.

It is useful to make this expectation layer explicit with two counterfactual exercises.
First, consider a setting in which firms hold their inflation expectations fixed—as if the
Phillips curve were static (i.e. 7 = k,y;), implying that expected inflation only matters

through its effect on monetary policy.’ The output multiplier, My° El] then becomes

no E[~] - 1

My o) = L—p+plpr —Dry

In this case, the sign of the change in the multiplier as p increases is independent from p,
but relates to the degree of reaction of the Central Bank towards inflation. The multiplier
is monotonically increasing in persistence when monetary policy is not too aggressive
(if or <1+ Ky 1) and monotonically decreasing otherwise. Turning the expected infla-
tion channel back on affects this result as future inflation expectations in the NKPC af-
fects current inflation, making the multiplier non monotonic in p. Otherwise stated, the
forward-looking component of inflation complicates the relationship between persis-
tence and the response of output.

Consider now a setting in which expected demand is held fixed in the DIS equation,
implying that shocks do not affect current demand through expected future income but
only through their effect on the real interest rate (i.e. y; = —(r; — 7) + &).'° This yields
the counterfactual multiplier, M5° *¥ ()

1
1+p(¢w - 1)

My () =

Iiy ?
1-8p

In this case, the multiplier is strictly decreasing in p as soon as monetary policy is active,
as it is solely driven by the response of the real interest rate. Moreover, the decrease is

9A static NKPC can be derived under Rotemberg pricing with adjustment costs relative to the previous
period average price index; see, for instance, Bilbiie (2025).

104 static DIS equation can be derived under cognitive discounting with a complete anchoring of expec-
tations to the perceived steady state reference level; see, for instance, Gabaix (2020).
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faster at higher persistence precisely because the real-rate channel intensifies as persis-
tence raises the expected path of inflation and through the policy rule (i.e. (1 — 8p)~!
rises with p). Just like in the previous case, bringing back the forward looking compo-
nent complicates the relationship as the DIS equation then encompasses all the future
effects of a change in current monetary policy.

These observations will lead to a compact analytical characterization of how per-
sistence affects the equilibrium multiplier in the next section. Notably, our decomposi-
tion is not specific to the RANK economy but reflects a generic feature of the Euler and
NKPC equations governing the dynamics in NK models. Whenever household spend-
ing responds to a DIS shock, the impact on output necessarily combines a PI channel
and a RIR channel. All analytical results that follow—both in the baseline RANK model
and in the more general frameworks studied below—ultimately arise from the interac-
tion between these two forces. It will turn out that systematic monetary policy deter-
mines their relative strength and, therefore, whether persistence amplifies or dampens
demand shocks.

2.2 Main Results

The following proposition shows that, even in the baseline RANK model, more persistent
demand shocks do not necessarily trigger a larger response of output. This depends on
the aggressiveness of monetary authorities towards inflation.!!

PROPOSITION 3. There exist two cut-off values, ¢ and ¢,. of the Central Bank's degree of
reaction to the inflation gap

6 =1+(1-p8)Pk," and ¢.=1+r,", with ¢I*>¢ . >¢ >1,
such that the impact multiplier of output to a DIS-demand shock satisfies:
@ Ifér <¢_, My increases monotically in p.

(b) If$_ < ér < ¢y, My is hump-shaped in p, i.e.,

Jpr=p""1 (1 — /Ky (r — 1)) such that M, (p) Z 0 ifp= p*.
© Ifor> 5,” My, decreases monotically in p.

The proposition shows that when policy is highly accommodative (1 < ¢ < ¢ ),
the nominal interest rate reacts only weakly to inflation expectations. As a result, the

11t should be clear to the reader that changing the level of the persistence parameter also influences the
volatility of the shock. However, in this paper, we focus on linear models or linearized versions of models.
In such cases, the model’s solution and the transmission mechanisms—the focus of this paper— are not
affected by second-order moments related to shock volatility. Accordingly, neither the form nor the level
of multipliers is affected by the volatility of the shocks. Therefore, because we are mainly interested in the
mechanisms, to preserve clarity and keep the analysis simple, we hold the volatility of the shock innovation
constant when varying persistence, even if this increases the overall volatility of the shock.

9



real interest rate barely reacts to a demand shock, effectively neutralizing the RIR chan-
nel. In this environment, the output response is dominated by the PI channel: as the
persistence of the demand shock, p, rises, households anticipate a larger and longer-
lasting increase in lifetime income. The forward looking Euler equation then implies a
stronger rise in current consumption and aggregate output. Formally, the output multi-
plier M, (p) increases monotonically with p, as in Part (a) of the Proposition.

By contrast, when monetary policy is very aggressive (¢22% > ¢, > ¢.), the nomi-
nal rate reacts strongly to expected inflation. As the persistence of the demand shock
rises, the higher expected path of nominal rates translates into a tighter real rate path,
depressing current demand. The output multiplier therefore decreases monotonically
with p, as in Part (c).

The intermediate regime, ¢ _ < ¢ < ¢,., arises when neither channel clearly domi-
nates. Atlow levels of persistence, the PI channel prevails, and increasing p raises M, (p).
Beyond a critical level of persistence, however, the RIR channel becomes sufficiently
strong to offset and eventually dominate the PI effect, producing a hump-shaped pat-
tern in M, (p). The turning point, p*, thus represents the degree of persistence at which
the two channels exactly offset.

Panel (a) of Figure 1 illustrates the relationship between the output impact multiplier
and the persistence of the DIS-demand shock. The pattern exhibits the non-monotonic
behavior predicted by the theory: for low values of p, greater persistence amplifies the
response of output to the demand shock via the PI channel. However, beyond the thresh-
old p* = 0.733, the RIR channel becomes dominant, and M, (p) begins to decline. This
turning point marks the point at which the real interest rate adjustment—monetary pol-
icy’s counteracting force—overtakes the forward-looking consumption response. No-
tably, a transitory disturbance (p = 0) leads to a stronger immediate output expansion,
M,(0) = 0.25, than a nearly permanent shock (p — 1), for which lim,_,1 M, (p) = 0.03.!?

Panel (b) explores how the location of p* depends on the stance of monetary pol-
icy. When monetary policy is insufficiently aggressive (1 < ¢r < ¢ ), the output mul-
tiplier peaks at p — 1, indicating the strict dominance of the PI channel. Conversely,
under highly aggressive monetary policy (¢2%* > ¢, > ¢.), the multiplier is maximized
at p =0, unless one assumes anti-persistent shocks—an empirically irrelevant case. In
this regime, the RIR channel takes over the PI effect. Between these policy thresholds, a
trade-off emerges, yielding an interior solution where p* lies strictly between 0 and 1. A
higher degree of aggressiveness towards inflation, ¢, steepens the response of nominal
and real rates to inflation expectations, thereby amplifying the RIR channel and reduc-
ing p*.

The structure of the NKPC, summarized by the parameters $ and «,, plays a critical
role in determining how strongly the RIR channel responds to monetary policy. A steeper
NKPC (larger x,) strengthens the sensitivity of inflation to output, magnifying the real

12The asymmetry of the output response is a generic feature of the RANK model. Specifically, we show
that M, (0) > lim,_,; My (1) applies whenever ¢ > 1+ (1 — §8)/ky, see Corollary 2 in Section A of the
Online Appendix.
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FIGURE 1. Impact Output Multiplier and Persistence
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Note: The impact multiplier is expressed in percentage deviation from steady state. This figure is
obtained assuming 8 = 0.99, ky = 0.15, ¢ = 1.5. Given these values, we have Qﬂ = 1.0007 and

¢,. = 7.666. We consider a shock of 25 basis points.

interest rate response and dampening M, (p) for any given ¢. In contrast, a higher dis-
count factor g increases the degree of forward-looking behavior: while this strengthens
the RIR channel by making future inflation more salient in the Euler equation, it simul-
taneously flattens the NKPC under a Calvo (1983) pricing structure, partially mitigating
that same effect.'® Hence, the slope of the NKPC determines whether higher 3 ultimately
amplifies or attenuates the influence of persistence on M, (p).

To clarify how the monetary policy stance governs this trade-off, Figure 2 plots the
impact effects on output, inflation, and real and nominal interest rates for three pol-
icy regimes: a highly accommodative rule (¢ = 1.0001 < ¢_), a benchmark Taylor rule
(¢ = 1.5), and an aggressive anti-inflation stance (¢, = 7.75 > aﬂ). Consistent with
Proposition 3, the output multiplier increases monotonically with persistence when sys-
tematic monetary policy is weakly responsive to inflation and declines monotonically
when it is very aggressive. In the intermediate regime, however, the hump-shaped pro-
file reappears, reflecting the shift in dominance from the PI channel at low p to the RIR
channel at high p.

Both nominal and real interest rates exhibit monotonically increasing responses as
persistence rises, as shown in the lower panels. Indeed, while policy rates mechanically
scale with the expected duration of the shock, output and inflation are shaped by the
interaction between forward-looking consumption smoothing and monetary stabiliza-
tion. In particular, Proposition 4 shows that the logic governing the output multiplier
extends directly to inflation once the thresholds and turning point are adjusted appro-
priately. In other words, the inflation multiplier inherits the same regime structure and
monotonicity/hump shape properties with respect to persistence as the output multi-
plier, but with cutoffs shifted by the slope and forward-looking nature of the NKPC.'*

131n the case of time-dependent pricing, x, = QM, where © = lf;fm <1 + %) In addi-

tion, ¢ > 0 is the inverse Frisch labor supply elasticity, « € [0, 1) is the degree of decreasing returns to scale,

€ > 1is the demand elasticity and 6 € (0, 1) is the probability of not resetting the price in a given period.
14However, it should be noted that this finding depends fundamentally on the structure of the mone-

tary policy rule. Non-monotone behavior of inflation arises under forward-looking feedback rules, whereas
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FIGURE 2. Impact Multipliers and Persistence
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¢, = 7.666. We consider a shock of 25 basis points.

PROPOSITION 4. The results of Proposition 3 extend to the impact multiplier of inflation
once the thresholds and turning point are adjusted as

Ll P e . RS B e 1t

Ky Ky p= 28

g1+

The reason can be directly seen from the NKPC evaluated at the GE solution:

= 1 fyﬁpMy(p) .

This expression makes transparent how inflation inherits both the marginal-cost re-
sponse and the forward-looking structure of the NKPC. The numerator, x,M,(p), cap-
tures the contemporaneous effect of the demand shock on real marginal costs. The de-
nominator, 1— Sp, reflects how persistence strengthens the link between expected future
inflation and current inflation: when p rises, the shock induces more persistent future
marginal-cost movements, raising expected inflation and therefore amplifying todays
price adjustment through the NKPC.

Using the previous PI/RIR decomposition, the inflation multiplier rewrites

M (p)

iy My(p)  KyMi(p)
Mn(p) = z*%p - lifﬁp '

monotone behavior obtains under contemporaneous feedback rules. See the proof of Proposition 4 in On-
line Appendix A for further details.
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The first term —originating from the PI channel of aggregate demand— describes how
inflation responds when firms adjust prices purely in response to the stronger aggregate
demand they face and the associated higher marginal costs, absent any movement in
real interest rates. This component is, as the PI channel, strictly increasing in the degree
of persistence of the shock, for p € [0,1). The higher is the persistence, the larger and the
more persistent is the increase in aggregate demand. This leads firms to raise their level
of employment, calling for an increase in the equilibrium real wage and the marginal
cost, and eventually yielding higher prices.

The second term relates to the monetary policy stance. Through the RIR channel,
higher persistence raises the real interest rate, provided the Taylor principle holds (see
Proposition 2), which dampens marginal costs and therefore inflation. This term there-
fore operates in the opposite direction to the first channel.

Proposition 4 follows from comparing the relative potency of these two forces. When
monetary policy is very accommodative (1 < ¢, < Q:), the weak response of interest
rates induces inflation to rise more strongly with persistence. When policy is very ag-
gressive instead (¢ > ¢ > 5:), the rise in the real interest rate causes the inflation
multiplier to fall with persistence. In the intermediate region, neither force dominates
for all p: at low persistence the PI channel dominates, while at high persistence the RIR
channel prevails, generating a hump-shaped profile analogous to that observed for the
output multiplier.

3. Discussion and Extensions

This section provides a broader perspective on our main findings. First, we qualify the
extent to which the results of Proposition 3 depend on the type of monetary policy rule
adopted by the Central Bank. We then discuss how the properties of the impact multi-
plier extend to cumulative multipliers. In addition, 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 cost push shocks. Last, we show how our
PI/RIR decomposition relates to alternative decompositions proposed in the literature.

3.1 The Role of Monetary Policy

The previous section highlighted the interaction between a simple monetary policy rule
involving solely the objective of expected inflation stabilization and the persistence
of DIS-demand shocks in shaping their impact effect on output dynamics. This sec-
tion considers rules that extend the benchmark monetary policy rule along three di-
mensions. First, we jointly allow for expected inflation and output feedback. Second,
we study standard contemporaneous feedback rules. Finally, we investigate the conse-
quences of monetary rules with interest rate smoothing for our main results.

PROPOSITION 5. Under local determinacy, the following results apply:

13



(a) Assume the Central Bank reacts to the one-step ahead expected inflation and output
gap, ie. =T+ ¢7rEt [7Tt+1] + ¢yEt [yt+1]r with ¢7|— > 1.15

(i) If0 < ¢, <min{l,2 — ‘i’l”Tﬁlmy}, the results of Proposition 3 remain valid once

the thresholds and turning point are adjusted for ¢,:

2
¢ zlJr—(l_%)(l_ﬁ),E,r 1+1_¢yandp*—ﬁ_1<1 fr 1 )

—TT
Ky Ky

K
L—gy, Y

(i) If1< ¢y <min{l+p71,2— qsll—/; ky}, only the upper regime survives and the
output multiplier decreases monotonically with p.

(b) Assume the Central Bank reacts to both the current inflation rate and the current
output gap, i.e. iy =7 + ¢ + ¢yy;. Then, the results of Proposition 3 remain valid
once the thresholds and turning point are adjusted as:

_ 51 1=8)%\ = _ o1 1 «_ o1
¢ =8 (1+) , O =0 <1+> andp* = <1— (qué’—l)ny) .
Ky Ky

Part (a) reveals that when monetary policy reacts to one-step-ahead expectations of
inflation and the output gap, the latter plays a significant role in determining how per-
sistence shapes the short-run output response to a DIS-demand shock. Three monetary
policy regimes still obtain as long as the Central Bank’s output gap response remains
moderate, i.e., 0 < ¢, < min{l,2 — %“y}' Within the hump-shaped regime, the p*
decreases with ¢,, as stronger output stabilization weakens the PI channel.'® When ¢,
becomes sufficiently large, i.e. 1 < ¢, < min{l + 71,2 — ‘7517:51 Ky}, the hump-shaped
regime disappears and output declines monotonically with p. In this case, the RIR chan-
nel dominates strictly the PI channel.

Part (b) of Proposition 5 shows that our main results are still obtained when mon-
etary authorities stabilize current inflation and current output. Note that, not too sur-
prisingly, the monetary policy thresholds ¢_ and ¢.,. only differ from those obtained in a
rule involving expected output and inflation by the scaling factor 3~! pertaining to the
discount factor. In addition, the presence of output stabilization concerns does not alter
the monetary policy thresholds (Qﬂ,aﬂ) or p*, as their expression and properties are to-
tally independent from ¢,. This obtains from the fact that ¢, affects symmetrically the
PI and the RIR channels in the DIS equation. However, a more aggressive output stabi-
lization policy—a larger ¢,—reduces nevertheless the size of the impact multipliers of
output and inflation.

Up to this point, and in order to keep the analytical characterization fully tractable,
we abstracted from interest rate smoothing. We now consider a Central Bank that aims

15We provide a full statement of the proposition including the case ¢, > 0 in Section A of the Online
Appendix.

16Technically, the expected output feedback effectively introduces discounting in the DIS equation (see
Section 4.2).
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at targeting expected inflation while smoothing the nominal interest rate, implying a
policy rule of the form

it = Giig—1 + (1 — ¢3) (T + dnBe[mi41])

where ¢; € [0,1) denotes the degree of interest rate smoothing. The following proposi-
tion generalizes our previous findings.

PROPOSITION 6. Provided that the equilibrium is locally determinate, let j1; = j1(¢r, ¢i, B, ky) €
(0, ¢;) denote the stable root of the equilibrium dynamics. Then the model yields the same
regime structure as in Proposition 3, where the cut-off values ¢ _ and ¢,. uniquely solve

1 (1-B(0,)) 1 1
‘bﬂ‘ww(H sy ) an ¢”‘\v<¢w>(”fey>'

In addition, the turning point is characterized by

p*=5(on) (1 — \Jry (W(6m)6 - 1)) :

where B(¢r) = Bui/d; and ¥(¢r) = (1_%1_)1&6%)_%% (1—55)#2-‘

This proposition therefore establishes that our main results, obtained with the base-
line Taylor rule, are robust to the inclusion of interest rate smoothing. Importantly, the
stable root y; depends on the structural parameters of the model but remains indepen-
dent of the persistence of the shock. Mathematically, the characteristic polynomial is of
third order and lacks trivial roots. While a closed-form solution for p; exists, its com-
plexity precludes a full analytical investigation. However, the next corollary examines
how interest rate smoothing reshapes the boundaries of monetary policy regimes and
the location of the turning point p* in the neighborhood of ¢; = 0.7

COROLLARY 1. In the neighborhood of ¢; = 0, the following comparative statics obtain:

d?ﬂ' dgﬂ' dp*

d¢i>0, d¢i>0, and s

Corollary 1 has clear policy implications. As the Central Bank smooths interest rate

movements more, the thresholds ¢ and ¢, shift upward, and so does the turning point

p*. Interest rate smoothing dampens the response of nominal and real interest rates,

weakening the RIR channel and increasing the relative importance of the PI channel.

As a result, offsetting persistent demand shocks requires a more aggressive inflation re-

sponse. The maximal output effect of the shock is therefore attained at higher levels of
shock persistence.

>0.

Recently, two alternative classes of monetary rules have received particular atten-
tion: real interest rate rules and robust real rate rules. Discussing these rules further

17Furthermore, we will provide numerical illustrations in Section 4.
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highlights that our conclusions regarding the hump-shaped behavior of persistent DIS
shocks depend fundamentally on how the monetary stance balances the PI and RIR
channels.

On the one hand, real interest rate rules of the form i; = 7 + Eq [m141] + ¢yy:, with
¢y > 0, specify the nominal interest rate as a function of expected inflation and con-
temporaneous output (see, among others, Woodford, 2011, Debortoli and Gali, 2024,
Fornaro and Wolf, 2023, Angeletos et al., 2024b,a). Under this specification, the sign of
the output feedback parameter (¢,) captures the cyclicality of the real interest rate. Such
rules effectively eliminate the RIR channel as the real interest rate is independent of the
NKPC. As such, only the monotonous regime survives. Otherwise stated, our trade-off is
only active when the Central Bank is aggressive enough towards (expected) inflation.

On the other hand, robust real rate rules (see Holden, 2024) of the form iy = r; + ¢ ¢,
with ¢, > 1, specify the nominal interest rate as a function of the real interest rate and
contemporaneous inflation feedback. These rules are particularly compelling because
they remain robust to key features of modern monetary theory, such as household het-
erogeneity or a departure from strict rationality, while ensuring equilibrium stability.
This robustness arises because inflation dynamics obtain from the monetary policy rule
and the Fisher equation as opposed to the interplay between the dynamic IS equation
and the NKPC.'® In other words, this class of rules effectively eliminates both the PI and
RIR channels. As a result, they represent an extreme case compared to the dynamics
discussed in Proposition 5, bypassing the tension between these two channels.'?

3.2 Cumulative Multipliers

It can be more informative to examine cumulative multipliers rather than impact or
period-by-period multipliers, as cumulative measures provide a fuller account of how
policy interventions propagate through the economy over time. The following proposi-
tion shows that, for a maximal planning horizon h < h(¢,), the cumulative multiplier
inherits the same properties as the impact multiplier in the intermediate range of mon-
etary policy aggressiveness.”’

PROPOSITION 7. Let the cumulative output multiplier at horizon h € N be defined as

h

Cy(p,h) = My(p) > o'
1=0

183pecifically, 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, expansionary
monetary policy shocks result in expansions of both output and inflation. In this case, the output response
is non-monotonic in persistence, depending on whether ¢ is greater or less than the inverse of the sensi-
tivity of current to expected inflation within the NKPC.

19In a related vein, Rupert and Sustek (2019) question whether monetary policy shocks propagate via the
RIR channel in a broad class of NK 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.

200nline Appendix A provides a complete statement of the proposition for any horizon h € R and any
degree of aggressiveness toward inflation 1 < ¢ < X,
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Moreover, let p* be the level of persistence maximizing M, (p) and p(h) the level of per-
sistence maximizing Cy(p, h). Consider the intermediate regime ¢ < ¢ < ¢, and define
the horizon threshold

W(6x) = [he(6x)] 1 € N, with Ec(gbﬂ.)zﬁ <w> |

where [h.(¢r)] denotes the integer part of he(éx). If 1 < h < h(¢,) applies, there exists at
least one global maximizer p(h) € (p*,1), satisfying %ﬁ’f’h) \p:ﬁ( = 0-

Proposition 7 characterizes how the persistence parameter p(4) that maximizes the
cumulative output effect, Cy(p, h), depends on monetary policy coefficient ¢, and on
horizon h.

To understand the proposition, we first describe the case in which monetary policy is
only weakly aggressive towards inflation, i.e., ¢ < ¢_. In this case, the PI channel strictly
dominates and both the impact multiplier M, (p) and the geometric-sum Z?:o p' fa-
vor greater persistence, so Cy(p, h) is strictly increasing in p and the global maximizer is
p(h) — 1, that is maximal persistence.

In the intermediate regime ¢ _ < ¢ < ¢,., the optimal p depends on the horizon:
for short horizons, h < h(¢r), the cumulative multiplier Cy(p, h) is locally decreasing
as p — 1, so p — 1 cannot be optimal and the maximizer is interior, satisfying the first-
order condition and lying strictly above the persistence p* that maximizes the impact
multiplier M,,. The main reason is that over a short horizon, the trade-off between the
RIR and the PI channel is sufficiently potent. Intuitively, the maximal horizon over which
a tradeoff between the PI and RIR channels emerges increases with the firms’ degree of
forward-lookingness—that is, with 3. In addition, lower nominal rigidities, reflected in a
larger slope of the NKPC (k,), or a more aggressive monetary policy (a higher ¢ relative
to ¢_) expand this horizon, as they improve the potency of the RIR channel.*!

Finally, when monetary policy is very aggressive, ¢, > ¢,, the impact multiplier it-
selfis decreasing in p, so persistence reduces the impact response; nonetheless, for short
horizons and not-too-large ¢, an interior maximizer can still exist, while for long hori-
zons p — 1 again becomes a boundary local maximizer and may or may not be globally
optimal depending on whether interior peaks dominate.

How "short" is the maximal planning horizon h(¢,) that induces a trade-off in the
intermediate regime? To put things into perspective, consider the quarterly parametriza-
tion we used to generate Figure 1. The maximal horizon is roughly 200 quarters. This is
far beyond the time horizon typically relevant for business cycle stabilization. In other

21For long horizons instead, h > h(¢=) + 1, the geometric sum places a sufficiently high weight on per-
sistence so that p — 1 is a boundary local maximizer; however, global optimality need not be guaranteed
because the interaction between M, (p), which still features an active trade-off between the PI and the
RIR channels, and the geometric-sum term can generate interior peaks. Accordingly, either C(p, h) is
non-decreasing and p — 1 is the global maximizer, or Cy(p, k) has interior local maxima and the global
maximizer is determined by a level comparison between lim,_,1 Cy(p, k) and the values attained at those
interior peaks.
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words, the interplay between the PI and RIR channels, and the resulting tradeoff, re-
mains quantitatively meaningful even when attention shifts from impact to cumulative
multipliers.

3.3 Relation To Alternative Decompositions

The literature has proposed several ways of decomposing the transmission of demand
disturbances into direct and indirect components. In the HANK tradition, Kaplan et al.
(2018) and Bilbiie (2020) define direct effects as the response of consumption to a change
in the real interest rate, holding fixed the general-equilibrium adjustments that oper-
ate through household income and prices—the indirect effects. By contrast, Maliar and
Naubert (2025) defines direct effects with respect to the innovation to the monetary
shock itself. Under this alternative convention, the portion of the real-rate response that
isinduced by the central bank’s systematic feedback rule is allocated to the indirect com-
ponent.?

In what follows, we relate our PI/RIR decomposition to this direct-indirect ap-
proach. Because our regime characterization hinges on the endogenous interest-rate
response, we adopt the definition in Maliar and Naubert (2025): the direct effect is the
partial derivative of the consumption response to the persistent innovation of the DIS
shock, holding household income and the real interest rate fixed. The indirect effect is
then the residual, i.e., the gap between the impact output multiplier and the direct effect.
Under this convention, our PI channel can be expressed as:*?

g 1-8
1=06p  (1=p)1=6p)

This expression makes transparent that the PI channel splits into a direct com-
ponent, /\/lyD, and an indirect component evaluated at a constant real interest rate,
M;D|¢ﬂ_>1. The direct term is the New Keynesian analogue of the permanent-income
mechanism in Hall’s (1978) canonical consumption-savings model under a constant
real rate: the shock changes intertemporal resources and therefore desired consump-
tion on impact. The indirect term instead captures the familiar New Keynesian cross
amplification: stronger aggregate demand raises production and labor income, which
feeds back into aggregate demand. In this sense, the PI channel inherits exactly the same
direct-indirect decomposition as Bilbiie’s (2020) impact output multiplier for an AR(1)
disturbance to the real interest rate.

In a similar spirit, the RIR channel admits the decomposition

L= MY+ M, 1 =

Ky
1—8p 1-p5

(1-Bp) 1—p+p(¢w—1)1fiyﬁp A=p)1=5p)

22Kaplan et al. (2018) note (footnote 22, p. 714) that, for standard persistence and Taylor-rule feedback
coefficients, the quantitative difference between the two conventions is small in their baseline model.
Z3For a detailed derivation, we refer the reader to Online Appendix B.

(1-8)—Bp(¢r —1)
RIR = —M;> + M|, 1 = —

18



Thus, the RIR channel is the sum of two indirect terms. The first term, —M.", aggre-
gates all general-equilibrium propagation forces that are orthogonal to the DIS shock
itself—most notably, the interaction between the endogenous real-rate response and
New Keynesian cross feedback. The second term, MLD|¢7TH1, is the same constant-real-
rate indirect effect as above. The strength of the first component is increasing in ¢, and
the overall RIR channel vanishes as ¢, — 1, consistent with the disappearance of en-
dogenous real-rate movements in that limit. Moreover, for sufficiently aggressive infla-
tion feedback, the total indirect effect becomes (weakly) negative: ¢, > qﬁrD, where qﬁrD
denotes the sign-switch threshold (for an analytical characterization under a contem-
poraneous monetary feedback rule, see Maliar and Naubert (2025)). Our contribution is
distinct from this observation: in our setup ¢ > ¢_, so that negative indirect effects are
necessary and sufficient for our regime characterization.

3.4 Other 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.

3.4.1 Monetary Policy Shocks: All preceding results naturally apply 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 inflation
multipliers associated with monetary policy shocks are identical to those obtained with
the DIS-demand shock. They however differ for the interest rates.?* It is a well-known
feature of NK models that the nominal interest rate increases on impact if the persis-
tence of the expansionary monetary policy shock is sufficiently high. However, our find-
ings on monetary regimes and p* 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* generically differs from the threshold at which
the nominal interest rate response changes sign and so-called "neo-Fisherian" effects
can occur in response to monetary policy shocks.??

3.4.2 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, such that the NKPC rewrites

7y = BB [mep1] + Kyye + 11,

where v, is the cost push shock, which follows an exogenous AR(1) process with persis-
tence p, € [0,1). In that case, the following proposition obtains.

24The response of the interest rate to a DIS shock is scaled up compared to the response to an expan-
sionary monetary policy shock of the same size.

25The persistence threshold beyond which neo-Fisherian effects occur is implicitly characterized by
pll+ Ky /(1 —Bp)] > 1, see e.g Gali (2015), Garin et al. (2018) or Bilbiie (2022).
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PROPOSITION 8. Under local determinacy, the impact multipliers of inflation, M (p,),
and output, My(p,) to a cost-push shock are given by

1 ¢7r -1 v
Mz (py) = Ry and  My(py) = _(103;7

1—-Bpy +Pu(¢7r - 1)

Mﬂ(Pu) .

1—pv

The following statements apply:
(@) The output impact multiplier decreases monotonically with p,,.
(b) The inflation impact multiplier satisfies:

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

“y(@r —1)

dpr=1— 5

such that M’ (p,) Z 0 for p, < p}; .

(b.2) Ifp** > >1+ %, M (p,) decreases monotonically in p,, .

The first statement of Proposition 8 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 equilibrium yields

1 + kyMy(pv) .
1—Bpy 1—Bpy

As with a DIS-demand shock, monetary policy balances two opposing channels. The
first term corresponds to the present value of future expected effects of the cost-push
shock, keeping marginal costs constant. Hence, the more persistent the shock, the
greater its effect on inflation. The second term corresponds to the present value of ex-
pected marginal cost variations induced by the cost-push shock. A positive cost-push
shock puts upward pressure on prices, which depresses aggregate demand, production,
and hence labor demand —as witnessed by the presence of the output multiplier in the
second term. This puts downward pressure on wages and so on the marginal cost. Ac-
cordingly, this latter effect goes in the opposite direction to the former effect, creating
the hump-shaped relationship between persistence and the response of inflation. When
monetary policy becomes extremely aggressive, the Central Bank is hiking the interest
rate to such an extent that the recession it triggers makes the second effect fully domi-
nate the determination of the inflation multiplier.

Note that the properties displayed in Proposition 8 will be shared by the impact re-
sponse of output to a shock affecting both the left hand side and the right hand side of
the DIS equation, hence having both a contemporaneous and a future effect like tech-
nology, preference, or government spending shocks.

Mz (pv) =
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4. Quantitative Insights

We now turn to a medium-scale DSGE model that brings together several mechanisms
that have been advanced to address distinct empirical puzzles pertaining to the trans-
mission of demand shocks. This will allow for a quantitative analysis of the properties
we laid out in the previous section.

Specifically, the model extends the standard NK model with physical capital accu-
mulation by: (i) household heterogeneity via limited access to asset markets (savers ver-
sus hand-to-mouth) in the presence of income risk, (ii) behavioral expectations in the
form of cognitive discounting, (iii) a working-capital cost channel, through which firms
finance the wage bill at the policy rate, (iv) nominal wage rigidities and (v) price and
wage indexation. These ingredients address, respectively, the lack-of-amplification puz-
zle, the forward-guidance puzzle, the missing-inflation puzzle, and the hump-shaped
inflation/price puzzle. Our framework is best understood as a hybrid version of the
seminal models developed in Christiano et al. (2005), Gabaix (2020), and Bilbiie et al.
(2022).26

4.1 Environment

The economy is populated by a unit mass of infinitely-lived households, a continuum of
firms in the final and intermediate good sectors, a financial intermediary, a government
that levies taxes and a Central Bank.

Households. Households are indexed by i € [0, 1]. Their preferences are defined by

C{él_a Lil-i-ga
— v
l1—0 1+e¢

UCE LY = ,
where 0! > 0 is the intertemporal elasticity of substitution, ¢ ~! > 0is the Frisch elastic-
ity, and v > 0 scales disutility from work. Households discount the future atrate g € (0,1)
and supply differentiated labor, with wages set by unions.

As in Bilbiie et al. (2022), households differ in their access to financial markets. At
each date, they are either savers (S) or hand-to-mouth (H). Savers participate in as-
set markets: they hold one-period liquid nominal bonds, illiquid physical capital, and
illiquid equity claims on intermediate firms. Hand-to-mouth households only have ac-
cess to the liquid bond and face a binding non-negativity constraint so they cannot bor-
row. Households switch types according to a Markov process: a saver becomes hand-to-
mouth with probability 1 — s, while a hand-to-mouth household becomes a saver with
probability 1 — h. In the stationary distribution, a fraction A = (1 — s)/(2 — h — s) are
hand-to-mouth.

Within each group, households pool resources and are identical at the beginning of
the period. Savers enter period ¢ with capital K}’ paying after-tax return (1 — 75)RK,
equity w;’ priced at ¢; and paying after-tax dividends (1 — 7”)D; and bonds B} paying

26For expositional purposes, we keep the description of the model concise and refer the interested reader
to Section C.1 of the Online Appendix for details and derivations.
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the nominal gross return R;_; scaled by the DIS shock e~¢-1, where &; follows a sta-
tionary AR(1) process. In addition, m; = P;/P,_; denotes price inflation. Together with
labor income f01 Wi (1)L$ (1)dl and after-tax transfers from the financial intermediary
(1- F )Fts , these resources finance consumption, investment, next-period portfolios,
and lump-sum taxes. The saver budget constraint is

S 1 —&t—1 S
w R;,_1 B
CZ b7 + gt +I§:/ W (D) LS (1)dl + & =1 21— YREKP
1—\ 0 T 1—\
wS
+ (Qt +(1- TD)Dt) - - (- ES —Tf (6)

where b7, | > 0 is saver bond demand and BY = (1 — A)sb{ + A(1 — h)bf! denotes aggre-
gate bond holdings of households entering period ¢ as savers.
Capital is owned by savers and accumulates as

s
Ky =(1-0)K; +® (%) Kp, (7)
Ky
where 6 € (0,1) is the constant depreciation rate; ®(-) captures capital adjustment costs
with ®'(-) > 0, "(6) = -1/ <0, ®(§) =4, ®'(§) = 1 implying that costs are absent in
steady state. Aggregate capital and investment are K; = (1 — \)K;’ and I; = (1 — \)I7.
Savers choose consumption and savings into the liquid bond as well as illiquid physical
capital to maximize expected discounted utility subject to (6), (7), the law of motion of
aggregate bond holdings and savers’ borrowing constraint.

Hand-to-mouth households face an analogous but simpler problem: they only in-
vest into the liquid bond but cannot borrow (b ; > 0). Their budget constraint is

1 —&t—1 H
e R,—1 B
CH 4 b, :/O W) LE (1)l + THTt _rH )

where Bff = AhbH 4 (1 - \)(1 — s)b; are bond holdings of all households entering period
t as hand-to-mouth. Hand-to-mouth households choose consumption and saving to
maximize expected discounted utility subject to (8), the law of motion of aggregate bond
holdings and their borrowing constraint.

Finally, we assume that hours worked are uniformly distributed across household
types in the steady state, i.e., L° = L¥ = L. In the spirit of Werning (2015) or Patterson
(2023), they are allowed to fluctuate disproportionally off the steady state, i.e., L7 =
xL, where 0 < y < Y and a hat denotes the relative deviation from steady state. This,
de facto, sets earnings incidence across households and affects the cyclicality of income
inequalities.

Behavioral Expectation Formation. As in Gabaix (2020), we introduce cognitive dis-
counting on the effects of aggregate shocks. For any variable X, let X; denote a per-
ceived reference level for this variable in period ¢ (e.g,, its steady state). Behavioral ex-
pectations are then defined by

Et [Xe41] =Xt + pEy [Xep1 — Xo] 9)
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where E.[] is the full-information rational expectation (FIRE) operator. When p =1, ex-
pectations coincide with FIRE; when p = 0, expectations are fully anchored to the refer-
ence level. We allow for decision-specific attention parameters (., (p, and ., for bond
choices, price setting, and wage setting.

Firms: Technology, Cost Channel, and Nominal Price Rigidities. A continuum of
competitive final good firms combines intermediate inputs X;(j) into the final good
Y; using the Dixit and Stiglitz (1977) aggregator with elasticity ¢, > 1. Intermediate good
firms are monopolistic competitors. Firm j rents capital K;(j) and hires a CES aggregate
of differentiated labor, with labor demand elasticity ¢,, > 1, to produce

Xi(j) = AK (5)* Ly ()™, with A>0and a€(0,1).

Firms face a working-capital constraint: they must finance the nominal wage bill at the
policy rate through a financial intermediary before production takes place. This gener-
ates a cost channel linking monetary policy to marginal costs and inflation. The inter-
mediary has access to Central Bank funds at no costs and rebates profits as transfers to
savers (Fts). Finally, prices are sticky as in Calvo (1983): each period, a fraction 1 — 6,
reoptimizes prices, while the remaining ¢,, index prices to past inflation with indexa-
tion parameter y, € [0, 1]. Reoptimizing firms choose a common reset price trading off
current markups against the expected continuation value of the price, using behavioral
expectations with attention s,,.

Nominal Wage Rigidities and Indexation. Following Colciago (2011), each labor type
l € [0,1] is represented by a union that sets the nominal wage W;(!) for its members
(households are uniformly distributed across unions). Wages are sticky a la Calvo: in
each period, a fraction 1 — 6,, of unions resets wages, while the remaining 6,, index
wages to past inflation at rate y,, € [0, 1]. A re-optimizing union internalizes that its cho-
sen wage may remain in place for multiple periods and sets it to maximize the expected
utilitarian welfare of its members, subject to the induced labor demand schedule and
both household budget constraints. Expectations in wage setting are governed by atten-
tion z,,. In symmetric equilibrium, all adjusting unions choose the same wage’’ and the
aggregate wage index follows the standard Calvo recursion.

Fiscal and Monetary Authorities. The fiscal authority collects taxes on capital and div-
idend income as well as financial intermediary profits and rebates revenues via lump-
sum transfers to both household groups, balancing its budget each period:

ANTH + (1= NTF + 7P Dy + X REK, + 7 F = 0.
Monetary policy follows a contemporaneous Taylor rule:
. 1—¢;
Ry =R{% (R(m/m) (i/Y)*) 7 with ¢ >1, 6,>0, and ¢i€0,1),

where R and 7 are steady-state values and ¢; is the degree of interest rate smoothing.

27Unions do not internalize the effects of earnings incidence when setting the wage.
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Benchmark Parametrization. We calibrate the model to match key features of the
U.S. economy at a quarterly frequency; Table C.1 in the Online Appendix reports all
baseline parameters. Preference parameters follow standard values: g = 0.99 (4% an-
nual real rate), log utility (¢ = 1.00) as in Christiano et al. (2005), and inverse Frisch elas-
ticity ¢ = 1.00 (Chetty et al., 2013). We set the labor disutility parameter to v = 5.00 to
match a steady-state work share of one-third. Household heterogeneity follows Bilbiie
et al. (2022): savers become hand-to-mouth with probability 1 — s = 0.02 per quarter
(s =0.98). The hand-to-mouth share is A = 0.30, consistent with Kaplan et al. (2014) (SCF
1989-2010), implying h» = 0.95. Consistent with evidence in Guvenen et al. (2017), Broer
et al. (2022) and Patterson (2023), hours worked at the bottom of the income distribu-
tion are assumed to react about 50% more than aggregate hours over the business cycle,
leading to x = 1.5. Savers accumulate capital with depreciation § = 0.025 per quarter
(Christiano and Eichenbaum, 1992). The steady state second derivative of adjustment
costs, "/ (-), is set to 0.5 (close to Gali et al. 2007). Following Gabaix (2020) and Pfauti and
Seyrich (2023), we set cognitive discounting to p, = jtp = 1y = 0.85 for consumption-
saving and price/wage setting. On the production side, we normalize A = 1 and set
a = 0.33. Markups are 20% in prices and wages (e, = €,, = 6), consistent with Chris-
tiano et al. (2005) and Gali (2015). Nominal rigidities follow Gali (2015): 6, = 0.65 and
6., = 0.75, with partial indexation x,, = x., = 0.30 (close to Smets and Wouters 2007). Fis-
cal parameters are set to the statutory U.S. tax rates: 75 = 7 = 7" = 0.20. We choose a
constant transfer 7;° = T so that steady-state consumption is equalized across house-
hold types (C° = CH). As a benchmark, monetary policy follows a basic Taylor rule with
¢; =0, ¢ = 1.50 and ¢, = 0.125. Under this calibration, the equilibrium is locally de-
terminate’® and income and consumption inequalities are countercyclical (see, among
others, Coibion et al. (2017) or Ampudia et al. (2018)).

When assessing the role of household heterogeneity, it will prove useful to vary the
degree of cyclical income inequality in the subsequent sections. In particular, we will
study versions of the model with acyclical and procyclical income inequality. Acyclical
income inequality is achieved by setting the tax rates to the share of hand-to-mouth
households (7% = 7P = 7 = )\) and the earning incidence to unity (x = 1). Instead,
procyclical income inequality can be obtained by setting the capital income tax and the
tax on intermediaries profits to zero, while assuming a uniform earnings incidence.

4.2 Quantitative Drivers of Monetary Policy-Persistence Regimes

This section attempts to shed light on the various forces determining the relative impor-
tance of the PI and RIR channels, and thereby the monetary regime thresholds and the
p*. To structure our discussion, it will prove useful to consider a stripped down version of
our quantitative model that eliminates the working capital channel, abstracts from cap-
ital accumulation (o = 0), sticky wages (6., = 1), price indexation (x, = 0) and simplifies
the monetary policy rule (¢; = ¢, = 0). In this case, the model reduces to an extended

28Gection C.3 in the Online Appendix reports the local determinacy regions and the Impulse Responses
Functions to a positive DIS shock of the main variables of the model.
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version of the RANK model laid out in the previous section:

Yt = CrEe [ye41] — G (e — B [miq1] = 7) + (s (10)
mt = ByEe [mey1] + Kyyt (11)
It =T+ ppme (12)

This formulation generalizes the benchmark RANK model in two key dimensions. First,
the dynamic IS equation (10) introduces two new elasticities, ¢y and ¢,.. The parame-
ter (¢ > 0 captures the sensitivity of current demand to expected future income. When
¢¢ > 1, the economy exhibits a compounded DIS equation, while (; < 1 implies a dis-
counted DIS equation. The parameter ¢, > 0 governs the responsiveness of demand to
the real interest rate. The elasticity of current inflation to future inflation, 3 € [0, 1), isal-
lowed to differ from the household discount factor 5 inside the NKPC (11). All in all, we
consider the parameters (¢, (., 87, y) as sufficient statistics, i.e., their exact structural
composition is irrelevant for the derivation of the following analytical results. Under lo-
cal determinacy, the following proposition holds.?’

PROPOSITION 9. Let us denote .y = ((/Cy) - ky, then Proposition 3 holds in the general
model provided the monetary thresholds and p* are adjusted as

1 (1—B¢)? - 1 1 L1 =
%w(”@>’ ey (145;) @ r =g (1= R

Proposition 9 generalizes Proposition 3 with respect to the monetary policy regime
thresholds ¢ and ¢,., as well as the output-maximizing persistence p*. Notably, the
proposition establishes that their formal expressions share an identical analytical struc-
ture when 3 is replaced by 3¢ and x,, is scaled by ¢, /(y. If (;- increases relative to (¢, 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 Propo-
sition 3 are not the outcome of particular assumptions 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 5 generalizes in the
same manner as r,, is replaced by .

Interestingly, the parameter x, determines the two monetary regime thresholds in
an asymmetric way, mechanically leaving ¢ _ almost unaffected by its variations as its
effect is scaled by (1 — 3¢)?. This will, to a large extent, explain the asymmetry we will
obtain when varying structural parameters of the quantitative model in Table 1.

To unpack the mechanisms driving the emergence of distinct monetary policy
regimes and the role of persistence in shaping output multipliers in our full-fledged
quantitative model, we conduct a sequence of sensitivity experiments switching off and
on key specific features of the model susceptible to affect the regime thresholds, p*,

29See Section E3 of the Online Appendix for a detailed analysis.
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and the associated output impact multiplier. The results, summarized in Table 1, high-
light the robustness of the three-regime structure and provide insight into the structural
forces behind it. Because the monetary regime thresholds are primarily functions of the
reduced-form objects ((f, (-, 87, ky), Table 1 can be read as mapping structural features
of the quantitative model—i.e expectation formation, intertemporal substitution, nom-
inal rigidities and household heterogeneity— into shifts of the medium-scale counter-
parts ¢ , ¢.., and the implied peak-persistence level p*.° Other mechanisms, such as
working capital or capital adjustment costs, which are important to shape the overall
dynamics of the model but play a milder role in monetary regimes will be considered in
Section 4.4.

Given our benchmark calibration, the intermediate regime occurs for policy param-
eters ranging from 1.34 to 3.22, which includes standard values of estimated degrees of
aggressiveness towards inflation for the US. The p* is 0.85, which lies within the range of
values estimated for the degree of persistence of DIS shocks in the recent literature (see,
among others, Feve et al., 2022, Bilbiie et al., 2023, Bayer et al., 2024).

TABLE 1. Monetary Policy Regimes, Impact Multipliers and p*

MODEL VARIANT PARAMETERS REGIME IMPACT IRF
b, a Pt M
Benchmark Model 134 3.22 0.85 0.44

Expectations Formation
Rational Expectations b, p = 1.00 - 3.15 0.71 0.44

Intertemporal Substitution

Higher EIS 0 =0.33 133 2.59 0.76  0.55
Nominal Rigidities

No Price/Wage Indexation  xp,«. = 0.00 126  3.41 0.83  0.43
No Wage Indexation Xw = 0.00 1.34  3.37 0.88  0.47
No Price Indexation Xxp = 0.00 1.25 3.23 0.80 0.41
Flexible Wages (only) 0., = 0.00 1.20  1.69 0.23  0.15
Flexible Prices (only) 0, =0.00 0.74 0.90 0.00 -0.29

Households Heterogeneity

Less HtM Households A=0.01 1.47 3.36 094  0.60
Acyclical Inc. inequality TK=rD=7F =) y=1 1.32  3.35 0.86  0.40
Procyclical Inc. inequality 7% =7 =0,x=1 1.23  3.39 0.86 0.37

30In Section E3 of the Online Appendix, we shed further light on this mapping and provide an analytical
characterization of the relationship between some structural mechanisms considered below and our main

objects of interest ¢_, ¢, and p*.
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Behavioral Frictions and Cognitive Biases: Behavioral expectations significantly re-
duce the inflation expectation channel in the NKPC —a drop in 3 in the analytical ver-
sion laid out above— and reduce the PI channel in the DIS equation —a drop in (.
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 upper threshold de-
creases (from 3.22 to 3.15). The relatively stronger RIR channel then yields a drop in p*
from 0.86 in the benchmark model to 0.71.

Other departures from the FIRE benchmark, such as Angeletos and Lian (2018), the-
oretically complement the previous findings by exploring the role of incomplete infor-
mation and higher-order beliefs. In such a framework, the dynamics are akin to those
generated by discounted Euler equations, strengthening the link between cognitive fric-
tions and monetary non-neutrality.

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
elasticity of the real interest rate in the DIS equation and the slope of the NKPC. In
our benchmark calibration, we opted for a unit intertemporal elasticity of substitution.
However, recent studies, such as Jakobsen et al. (2020) and Holm et al. (2024), suggest a
higher EIS in the range of 2 — 3, i.e., o € [0.33,0.50], while Heathcote et al. (2010) specifies
o = 1.50 (EIS of 0.67). To assess the importance of EIS, we follow Jakobsen et al. (2020)
and Holm et al. (2024) and increase the IES to 3. This variation in the EIS strengthens
the RIR channel in the DIS equation —an increase in ¢, in the analytical version—and
reduces the sensitivity of the NKPC to output—=~,, in the analytical model, thus strength-
ening the role of inflation expectations. Both effects play in opposite direction, but the
effect of ¢, dominates quantitatively. Consequently, ceteris paribus, the monetary pol-
icy regime thresholds ¢ and ¢,. decrease. However, this decline is partially offset by the
monetary policy cost channel in the NKPC, which increases the sensitivity of the NKPC
to output in equilibrium and plays in the opposite direction. Under our parameteriza-
tion, this results in a slight decrease in the lower threshold Qﬂ (from 1.34 to 1.33), while
the upper threshold, ¢,., decreases substantially (from 3.22 to 2.59). This narrows the
range of values over which the output multiplier exhibits a hump-shaped relationship
with respect to persistence. The dominance of the RIR channel leads to a lower p*, 0.76,
together with a larger impact multiplier, 0.55.

Nominal Rigidities: We now assess the role of price and wage indexation, which act
as an endogenous source of persistence in inflation and wage dynamics. The results re-
ported in the lower panel of Table 1 suggest that, while it affects the exact location of the
monetary regime, p* and the multiplier, indexation—be it in wages and/or prices—does
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not play an important quantitative role for any of these indicators. The main reason for
this result lies in the fact that, while indexation may create some propagation of nom-
inal 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 3.22 to 1.69, while the lower threshold falls
from 1.34 to 1.2. This reduction is accompanied by a lower p* (0.23).

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 threshold de-
creases from 1.34 to 0.75, while the upper threshold drops from 3.22 to 0.90. This sharp
reduction is accompanied by a collapse of p* to 0.00, as the RIR channel overwhelmingly
dominates the PI channel in the DIS equation. Furthermore, since wages are rigid and
prices adjust freely, the demand shock leads to a drop in the real wage and hence the
income of hand to mouth agents which puts downward pressure on aggregate demand.
For our calibration, this leads to a pronounced recessionary effect on output.

Household Heterogeneity: Empirical evidence (see, e.g., Campbell and Mankiw, 1989,
1991) indicates that consumption-saving behavior departs from the predictions of the
standard Euler equation. Models with household heterogeneity help rationalize these
deviations by highlighting cyclical movements in income inequality and income risk. To
clarify how heterogeneity shapes monetary regimes and the output-maximizing degree
of policy persistence, we begin with economic intuition from analytical heterogeneous-
agent models before turning to our quantitative results.

Consider first the two-agent New Keynesian (TANK) framework of Bilbiie (2008,
2020). In these economies, cyclical income inequality between savers and hand-to-
mouth households substantially reshapes the transmission of demand shocks. Coun-
tercyclical income inequality, by raising the real-interest-rate elasticity ¢,, amplifies the
effects of monetary policy, whereas procyclical inequality dampens them. Notably, as
cyclical inequality approaches critical thresholds, p* tends toward zero, underscoring
the destabilizing potential of income inequalities.

Beyond cyclical inequality, cyclical income risk (which we abstract from in our
model) also affects consumption—saving decisions and, in turn, aggregate dynamics. In
the pseudo-representative-agent New Keynesian (PRANK) model of Acharya and Dogra
(2020), for instance, procyclical income risk implies discounted DIS behavior ({y < 1),
whereas countercyclical income risk generates compounding (¢ > 1).! In frameworks

3Importantly, contemporaneous income risk has limited bite because it scales the PI and RIR channels
in broadly similar ways. By contrast, expectations about future income risk materially shift their relative
strength and therefore shape dynamic responses. In particular, anticipated countercyclical (procyclical)
income risk raises (lowers) ¢ _, ¢, and p*.
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that combine cyclical inequality and income risk, such as the tractable heterogeneous-
agent New Keynesian (THANK) model (see, e.g., Bilbiie, 2025) or our quantitative model,
cyclical income inequality operates jointly through the PI and RIR channels. In an an-
alytical variant of the model, one can show that countercyclical inequality strengthens
the RIR channel relative to the PI channel when the share of hand-to-mouth households
A and the persistence of saver status s satisfy A+ s > 1. Specifically, countercyclical (resp.
procyclical) inequality then lowers (resp. raises) ¢ _, ¢,., and p*.

Introducing hand-to-mouth households in our quantitative model attenuates both
the PI and RIR channels, since a larger share of households responds little to intertem-
poral incentives. In general equilibrium, however, this conclusion can be overturned.
In particular, Werning (2015) and Bilbiie (2025) show that when income risk and in-
equality are countercyclical, the induced redistribution and income-composition ef-
fects can move the economy away from the “as if” representative-agent benchmark and
strengthen both channels. Accordingly, eliminating hand-to-mouth households weak-
ens both channels. In our framework, and for our calibration, permanent-income ef-
fects regain prominence and monetary policy must react more aggressively to achieve
the same degree of stabilization. Quantitatively, this shifts both regime thresholds up-
ward, to ¢ _ = 1.47 and ¢,. = 3.36. Consistent with the stronger PI channel, p* increases
and the peak multiplier rises by nearly 50 percent (0.6 versus 0.4 in the benchmark).

Under our parameterization of earnings incidence (), income inequality is counter-
cyclical, implying a strong RIR channel (¢, > (¢). Moving inequality from countercyclical
to acyclical and then to procyclical should therefore tilt transmission away from the RIR
channel and toward the PI channel—calling for a more aggressive policy rule (higher ¢ _
and ¢,.) and delivering a larger p*. In the benchmark calibration, however, the cyclicality
of inequality has a quantitatively negligible effect on these objects.

This near-neutrality should not be interpreted as a general irrelevance of hetero-
geneity. Rather, it is specific to the combination of our calibration and the form of nomi-
nal rigidities. In particular, shutting down nominal wage rigidities revives the forces em-
phasized above. In the flexible-wage version of the model, making inequality acyclical
(resp. procyclical) raises p* by about one-third (resp. two-thirds) and reduces the peak
multiplier by about 13 percent (resp. 20 percent). With flexible wages and countercycli-
cal inequality, a positive demand shock raises the real wage and marginal cost; through
the NKPC this increases inflation and induces a stronger policy response, reinforcing the
RIR channel. As inequality becomes less countercyclical—and eventually procyclical—
this RIR amplification fades and transmission shifts toward the PI channel. By contrast,
when nominal wages are sticky, real-wage and marginal-cost responses to a demand
shock are muted. Monetary policy then needs to respond less aggressively, weakening
the RIR channel to begin with and leaving less scope for the cyclicality of inequality to
matter.

Finally, a number of hybrid models that combine household heterogeneity with de-
viations from FIRE (see, e.g., Pfauti and Seyrich, 2023, Meichtry, 2023, Gallegos, 2024)
reveal how market incompleteness and cognitive frictions, sticky or dispersed informa-
tion jointly influence monetary policy transmission. Specifically, these elements amplify
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the RIR channel while dampening the PI channel. Consequently, theylead to a reduction
ing_, ¢,., and p* relative to a representative agent model.

Other Mechanisms: Other mechanisms not included in our quantitative model are
equally likely to affect the determination of monetary regimes and the p*. For example,
recent studies (see, e.g., Del Negro et al., 2023) incorporate perpetual youth structures
(e.g., Blanchard, 1985, Yaari, 1965) into medium-scale DSGE models, primarily to ad-
dress the forward guidance puzzle. In these frameworks, stochastic death probabilities
act on three key margins. First, they lead to discounted DIS equations (¢; < 1), reflect-
ing households’ shorter effective planning horizons. Second, they reduce the sensitivity
of current inflation to inflation expectations (5 < /3). Third, they steepen the slope of
the NKPC. These findings align with insights from Eggertsson et al. (2019), which high-
light how life-cycle effects reduce the persistence of expectations, thereby weakening
the efficacy of forward guidance policies. Demographic considerations in these models
generally increase ¢_, while their effects on ¢,. and p* depend heavily on the degree of
price stickiness. Likewise, borrowing constraints and default risk offer another mecha-
nism through which household heterogeneity affects the relative potency of the PI and
RIR channels.

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 ¢ _, ¢,., and p*.

Models such as Beaudry and Portier (2018) introduce information asymmetries be-
tween borrowers and lenders, resulting in borrowing costs that depend on debt levels.
More specifically, borrowing constraints cause (s < 1 and bound ¢, from above —strictly
below the EIS. While these dynamics alter household consumption behavior, they leave
monetary policy thresholds and the p* essentially unchanged compared to standard
CRRA models, as the ratio ¢/, is independent of the sensitivity of borrowing rates to
debt.

Overall, the analysis shows that systematic monetary-policy persistence is governed
by the relative strength of the PI and RIR propagation channelsstrengths that are en-
dogenous to the models core frictions: household preferences and heterogeneity (via
cyclical income inequality and income risk), behavioral and life-cycle forces, borrowing
constraints, nominal rigidities, and expectation formation. Through this lens, mecha-
nisms introduced to mitigate the forward-guidance puzzle typically do so by effectively
discounting the DIS equation and thereby weakening the PI channel, while mecha-
nisms designed to restore amplification in RANK-style environments work primarily by
strengthening the RIR channel. Either way, regime boundaries shift inward—lowering
[ ¢,., and p*—and approaches that tackle the “Catch-22" by operating on both chan-
nels compress the regime space further, pushing down thresholds and the p*.
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4.3 Monetary and Fiscal Policy Interactions

So far the analysis has shown that the interaction between monetary policy and the per-
sistence of dynamic IS shocks crucially determines the short-run output response. We
now explore how this relationship is affected by an active fiscal policy, and in particu-
lar, by the size of government (see, e.g. Gali, 1994), the degree of countercyclicality of its
policy (see, e.g. Leeper et al., 2010, Feve et al., 2013) and the financing of government
expenditures.

We first consider a version of our quantitative model in which we shut down house-
hold heterogeneity (A = 0, s = 1), consider a log-utility function, ignore capital accu-
mulation (« = 0), dispense from the working capital assumption, nominal wage rigidity
(6, = 0), and price indexation (x, = 0), simplify the monetary policy rule (¢; = ¢, = 0)
and shut down behavioral expectations, effectively going back to our baseline RANK
model. We consider a government that adopts a government spending policy of the type:

Gi=s4Y (Y)Y, (13)

where ~, € R controls the cyclicality of the policy and s, = G/Y denotes the share of
government spending in the deterministic steady state. The flow of public expenditures
is financed through lump-sum taxation. The DIS equation then becomes:

Yt = Ei[ye1] — Tg(is — E¢[mpqq] = 7) + Tgés

whereI'y = (1 —s4)/(1 —454) € [0,1) scales the sensitivity of private demand to the real
interest rate in the DIS equation and therefore governs the strength of the RIR chan-
nel identified above (note that I'; plays a role analogous to ¢, in Proposition 9). Let us
first consider the case of acyclical public spending, i.e. v, = 0. In that case, I'; reduces
to 1 — s4. The mere presence of government spending (s, > 0) reduces the share of ag-
gregate demand that is subject to intertemporal substitution. As a result, a given move-
ment in the real interest rate translates mechanically into a smaller response of output.
Put differently, holding everything else equal, a higher fiscal share makes the economy
less interest-rate sensitive. This dampening is reinforced on the pricing side because the
NKPC slope increases when s, is larger, so that prices absorb alarger fraction of demand
disturbances and quantity adjustments are correspondingly muted.*?

Let us not consider the case of state-contingent government spending, i.e. v, # 0. In
that case, I'y = (1 — s4)/(1 — v454) captures how cyclicality further reshapes intertem-
poral transmission. When spending is countercyclical (y, < 0), government purchases
rise in downturns and fall in booms, stabilizing aggregate demand directly; equivalently,
the effective wedge I'; declines relative to the acyclical case, so that the DIS equation
becomes less responsive to movements in the real interest rate. By contrast, procyclical
policy (v4 > 0) amplifies demand fluctuations and raises I';, relative to 1 — s,. In either
case, cyclicality changes how much stabilization must be delivered by monetary pol-
icy; and, by operating through I'g, it directly weakens (or strengthens) the RIR channel

321n that case, we have kg = w (F;l +(1-—a+ Lp)/a), implying that 9(T'gkg)/ds4 = 0 for
p
vg 2 1and 9(Tyrg)/0vg > 0.
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depending on whether fiscal policy is countercyclical (or procyclical). This simple mod-
ification leads to the following result.

PROPOSITION 10. The results of Proposition 3 remain valid once the thresholds and turn-
ing point are adjusted for the fiscal share, s, and the degree of countercyclicality, v, as:

_1 -6 - _1 1 w1
=5 () B p () et =5 (1 Vim0,

Consider first the case where the government simply finances a constant flow of go-
vernment spending —i.e.,, v, =0, s, >0 and I'y = 1 — s,. In this case, as in Gali (1994),
government size acts as an automatic stabilizer. A larger government share s, attenu-
ates the RIR channel, thereby amplifying the relative strength of the permanent income
channel. As a result, monetary policy must be more aggressive—that is, characterized
by a higher ¢r—to achieve the same degree of stabilization. Both policy thresholds, ¢ _
and ¢, therefore rise with s,. However, the upper bound increases faster than the lower
bound, hence broadening the range of monetary policy configurations for which the in-
termediate, hump-shaped regime arises—that is, the range where 0 < p* < 1. In such
economies, moderate monetary activism interacts with fiscal cushioning to generate a
rich, non-monotonic relationship between persistence and output effects.

When fiscal policy is countercyclical-i.e, v, < 0, s, > 0-the same logic carries
through once one considers I'y = (1 — s4)/(1 — 74s4). Countercyclical spending ampli-
fies the insulating role of government policy, further weakening the RIR channel and
requiring an even stronger monetary response to discipline demand. In this sense, fis-
cal activism not only shifts the level of the thresholds, but also reshapes the terrain on
which monetary policy operates.

Table 2 further explores the interaction between fiscal and monetary policies in our
quantitative model. In order to better highlight the role of redistribution in shaping the
monetary regimes, we consider a version of our baseline model in which we shutdown
the cyclicality of income inequalities. This corresponds to our benchmark economy in
the Table. In this case, the monetary policy thresholds are respectively given by ¢ =
1.32 and ¢, = 3.35—the acyclical income inequality case reported in Table 1. We then
assume that the government spends resources following rule (13). These expenditures
are financed either by lump sum taxation —G; = 7:— or by issuing public debt. In the
latter case, debt evolves as R;lBtH =B+ Gy — 74

Following Gali et al. (2007), the lump-sum tax, 7, relates to public debt and gov-
ernment spending as 7 = ¢pb; + ¢¢9t, where 74 = (1, — 7)/Y, §: = (G¢ — G)/Y and
bi = (B¢/P;_1 — B/P)/Y >3 In both cases, following Bilbiie et al. (2022) and Ferriere and
Navarro (2024), we retain a progressive element in the tax system. Specifically, we allow
hand-to-mouth households to contribute less than their population share by assuming
AP = X7 + 55, (1 — 7). When ~,, = ), the tax system is non-progressive; when ~;, < ),

33We borrow directly ¢;, = 0.30 and ¢4 = 0.12 from Gali et al. (2007). Furthermore, in what follows we
will consider an economy in which, in the steady state, there is no public debt (B = 0) and the tax burden,
7 is equally shared by households (+# =75 = 7).

32



(resp. v, > A\) hand-to-mouth agents contribute a smaller (resp. larger) share of marginal
tax adjustments making the tax system progressive (resp. regressive). In the sequel, we
will consider the two extreme cases where 7, = 0 where only savers contribute to financ-
ing the tax—a fully progressive system— and v, = 1 —a fully regressive system.

TABLE 2. Monetary Policy Regimes and Fiscal Policy

MODEL VARIANT PARAMETERS TAX FINANCED DEBT FINANCED
Y o, O 8. O

Benchmark Model - - 1.32 3.35 1.32 3.35
Acyclical G 0.0 A 1.28 3.49 1.28 3.49
Procyclical G 1.0 A 1.34 3.32 1.34 3.32

— Progressive 1.0 0.0 1.35 3.23 1.35 3.23

— Regressive 1.0 1.0 1.28 3.51 1.28 3.32
Countercyclical G~ -0.6 A 1.25 3.59 1.25 3.62

- Progressive -0.6 0.0 1.24 3.63 1.24 3.63

— Regressive -0.6 1.0 1.28 3.48 1.29 3.59

We start by exploring the effect of introducing an acyclical government spending
in the model, G; = G = s,Y where we set the government share to its empirical coun-
terpart (sy = 0.2). By mechanically absorbing part of the increase in demand, the mere
presence of government purchases dampens the response of output, which mutes the
induced inflationary pressure and weakens the endogenous propagation of the DIS
shock. This stabilizing effect re-maps the monetary-policy regime boundaries. The up-
per threshold ¢, rises from 3.35 to 3.49 as by stabilizing inflation and expected infla-
tion, fiscal absorption compresses movements in expected real rates; entering the RIR-
dominant region therefore requires a more aggressive Taylor coefficient, pushing up ¢..
(see also Proposition 10 and footnote 32). Symmetrically, in presence of nominal wage
rigidities, by cushioning the increase in output (and therefore weakening the PI compo-
nent of the DIS shock), government spending makes it harder for the PI channel to dom-
inate unless monetary policy is sufficiently accommodative-hence the lower threshold
¢_ falls from 1.32.3% These forces strengthen when fiscal policy leans against the cycle,
in which case we set v, = —0.6 (see Féve et al. (2013)). Under countercyclical spending,
the thresholds shift further—¢  drops to 1.25 and ¢, increases to 3.6—because fiscal
contractions in booms (and expansions in slumps) directly offset the demand compo-
nent of the shock, further weakening the PI channel and requiring a higher ¢, for RIR
effects to dominate. Procyclical spending (G = s4Y%, see Gali (1994)) works in the oppo-
site direction: by reinforcing the output response, it restores inflationary pressure and
compresses the RIR-dominant region, raising ¢  and lowering ¢, (to 1.34 and 3.32).

34Note that absent nominal wage rigidities, we are essentially back to Proposition 10, and the asymmetry
between the variation in the upper and lower threshold disappears, both increase with the government
share.
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In presence of heterogeneous households, financing of government spending and
tax incidence become first-order because they determine who absorbs the fiscal ad-
justment on impact. Two patterns stand out in Table 2. First, debt versus tax financing
matters precisely when fiscal policy moves systematically with the cycle (most clearly
under countercyclical spending) and when the marginal tax burden falls on hand-to-
mouth households. Debt financing smooths taxes over time, muting contemporane-
ous disposable-income movements for hand-to-mouth households; consequently, the
regime boundaries are close across financing modes in many rows, but begin to diverge
when countercyclicality and regressive incidence interact (e.g., the larger rise in ¢, un-
der debt-financed, regressive countercyclical policy).

Second, tax progressivity mainly matters under tax financing because it governs the
contemporaneous redistribution of the fiscal adjustment. Under countercyclical spend-
ing, a positive DIS shock raises output while G; and (under tax finance) 7, fall. If the tax
system is regressive (y, = 1), hand-to-mouth households receive a larger tax cut on im-
pact, which translates one-for-one into higher consumption. This strengthens aggregate
demand and inflation: the economy requires a more aggressive monetary response to
prevent inflation from becoming dominant, raising ¢_ (from 1.25 to 1.28) and reducing
the degree of aggressiveness needed for RIR effects to take over (lowering ¢.. from 3.59
to 3.48 under tax finance). Under a fully progressive system (y;, = 0), the marginal tax
adjustment bypasses hand-to-mouth households; the contemporaneous consumption
boost is smaller, inflationary pressure is weaker, and the RIR-dominant region expands
(lower ¢ and higher ¢,.). Under procyclical spending the logic reverses because the fis-
cal response reinforces the boom; shifting marginal taxes toward hand-to-mouth agents
then tempers, rather than amplifies, the demand impulse.

Overall, Table 2 shows that fiscal stabilization operates primarily by tilting the bal-
ance between the PI and RIR channels, while tax incidence matters through the marginal
propensity to consume of the agents who bear the fiscal adjustment. Debt finance at-
tenuates these redistribution-driven channels by spreading the adjustment intertem-
porally, leaving progressivity most consequential under contemporaneous tax finance.

4.4 Monetary Policy Regimes in a Population of Models: A Monte Carlo Assessment

Asinformative as it is about the key forces driving the results, the preceding analysis does
not inform about the empirical relevance of the three monetary policy regimes, which
is ultimately a quantitative question. To evaluate this, we conduct a Monte Carlo simu-
lation with 10,000 draws from uniform distributions over key structural parameters—i.e.
preferences, heterogeneity, taxation, adjustment costs, nominal rigidities (in both prices
and wages), monetary policy and expectation formation mechanisms—hence assessing
a population of models . The full set of parameter ranges is reported in Online Appendix
C.5. For each draw, we compute the two thresholds defining the low, intermediate, and
high monetary policy regimes, ¢ and ¢,., as well as the persistence p* that maximizes
the output multiplier.

Panel (a) of Figure 3 reports the distribution of the two thresholds across the Monte
Carlo samples (gray histograms) in our baseline version (without interest rate smooth-
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ing), alongside the empirical distribution of ¢, coefficients drawn from the literature.*
The average values of the simulated thresholds, ¢ = 1.12 and ¢, = 3.31, bracket the
literatures average estimated monetary policy reaction coefficient, ¢, = 1.76. This sug-
gests that, in most estimated models, monetary policy operates within an intermediate
regime, where both the PI and RIR channels are simultaneously active.

FIGURE 3. Monetary Regimes: Distributions across Population of Models

(a) Baseline Model (b) w/ Interest Rate Smoothing
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Note: The vertical dashed lines in Panel (a) correspond to the average values of [ .., and the empirical
average of ¢, reported in the literature.

The economic implication is twofold. First, the intermediate regime is not a knife-
edge case: the distributions of ¢ and ¢, are clearly separated, with no overlap, under-
scoring that this regime occupies a wide and empirically relevant region of parameter
space. Second, the figure indicates that most of the empirical estimates of ¢, fall within
this intermediate region. As such, the trade-off between stimulating current demand
(via the RIR channel) and anchoring expectations (via the PI channel) is not only con-
ceptually relevant but quantitatively central in monetary transmission as captured by
standard models. Interestingly, while some estimates lie near or below the lower thresh-
old ¢_, corresponding to models dominated by the PI channel, only very few lie above
the upper threshold ¢... This suggests that regimes in which only the RIR channel drives
the multiplier are almost not represented in the empirical literature, reinforcing the ro-
bustness of the intermediate case.>°

Panel (b) of the Figure replicates the same exercise for an economy in which the
central bank smooths the nominal interest rate. We obtain very similar results. Two ob-
servations are worth reporting. First, as suggested by Proposition 6 and Corollary 1, the
distributions of ¢ and ¢, shift towards the right, with now an average of 1.48 and 5.36
respectively (versus 1.12 and 3.31 in our baseline version). Second, there is more overlap

35The complete list of articles is available in Section E of the online appendix. It shall be clear to the
reader that all these models however hinge on possibly different mechanisms and are not necessarily esti-
mated on the same datasets or sample.

36The same results are obtained when we allow for deviations from the working capital assumption, see
Section D in the Online Appendix.
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between the distributions of the lower threshold and distribution of the estimated mon-
etary policy reaction coefficient, indicating that, in presence of interest rate smoothing,
the PI regime is more prevalent. It shall however be noted that the literatures average es-
timated monetary policy reaction coefficient, ¢, = 1.76, is well below the average of the
lower threshold, indicating that the intermediate regime survives as a robust outcome.

Interestingly, these findings shed further light on results obtained by Bianchi
(2013)%7 who estimated monetary rules allowing for regime switches between hawk-
ish and dovish policies. At the mode, the reaction to inflation in the dovish regime is
estimated to be 1.1, which, in our case, places it in the PI regime while its value in the
hawkish regime, 2.6, places it in the intermediate regime.

FIGURE 4. Distribution or p* across Population of Models: Interest Rate Smoothing
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Figure 4 reports the empirical cumulative distribution function of p* across the pop-
ulation of models with interest rate smoothing, alongside point estimates of DIS shock
persistence obtained from the empirical literature. The graph indicates that estimated
models all estimate persistence parameters of DIS shocks significantly below the p* (an
average of 0.64 vs 0.83), and, hence confirming previous results, mostly lie in the inter-
mediate monetary regime. This indicates that estimated models lie on the upward slop-
ing part of the locus mapping persistence to output multiplier, which implies that, fol-
lowing a marginal increase in persistence, the central bank still has the ability to increase
its aggressiveness towards inflation and achieve the same level of output stabilization.

Finally, Figure 5 explores how the short-run multipliers vary with the persistence of
DIS demand shocks across our representative population of 10,000 of models. The figure
plots the median impact response of key macroeconomic variables to a standardized 25
basis point DIS shock as a function of its persistence, p € [0, 1]. In addition, we display
the interquartile range (dark gray) and the 10-90% percentiles (light gray), highlighting
the dispersion in the population of models.

The results reveal a robust hump-shaped relationship between the persistence of the
shock and the impact multiplier across all major aggregates —output, consumption, in-
vestment, hours worked, and asset prices (Tobin’s ). The multiplier initially increases

37See also Bianchi and Ilut (2017) in the case of an interaction between fiscal and monetary policies.

36



FIGURE 5. Impact Multipliers across Population of Models
1) Output (y;) (b) Consumption (¢;) (¢) Investment (i;) (d) Hours Worked (n;)
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Note: Impact IRFs are expressed as percentage deviations from steady state. The nominal interest rate, infla-
tion, and real interest rate responses are reported in annualized terms. IRS denotes interest rate smoothing,
IQR is the interquartile range.

with p, as the PI channel dominates, and reaches a peak at intermediate persistence lev-
els, and subsequently declines as the RIR channel gains traction. This non-monotonic
response persists even in the presence of backward-looking mechanisms such as capi-
tal accumulation, adjustment costs, nominal indexation (prices and wages), and cogni-
tive discounting, demonstrating the resilience of the theoretical mechanism derived in
Section 2. Likewise, the figure also reveals that this hump-shaped pattern also extends
to economies where the monetary authorities smooth the evolution of the interest rate
(dashed line). In this latter case though, the peak of the hump is reached for more per-
sistent DIS shocks-i.e. the p* is shifted towards 1, indicating, not surprisingly, that in-
terest rate smoothing weakens the RIR channel by spreading the response of monetary
authorities over time.

Importantly, the hump-shaped pattern is not merely a feature of the median or av-
erage response. It holds across the distribution of parameterizations. At every decile, the
output multiplier displays a peak at intermediate levels of persistence. This indicates
that the non-monotonicity is a generic property of this class of models, rather than an
artifact of a particular calibration. The multiplier regain a monotone shape only in the
top percentiles—when monetary policy is dovish enough to place the economy in the
dominant PI regime.

The policy implication of this analysis is sharp: multipliers are not pinned down
solely by how aggressively the Central Bank targets inflation, but by where policy lies
in the regime space given the economys underlying frictions. Consequently, empiri-
cally plausible adjustments in the stance of policy can induce first-order changes in
amplification, and the relationship between persistence and policy potency is gener-
ally non-linear—intermediate persistence can generate disproportionate effects. At the
same time, overly aggressive inflation stabilization may blunt transmission by neutral-
izing the intertemporal trade-off, whereas economies with a strong RIR channel or suf-
ficiently flexible prices leave less room for demand-side stabilization and make a mis-
calibrated stimulus more likely to be self-defeating.
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5. Conclusion

A common wisdom in macroeconomics holds that more persistent demand shocks gen-
erate larger output responses: forward-looking households, anticipating a sustained rise
in lifetime resources, front-load spending and amplify the initial expansion. This paper
shows that this breaks down in standard New Keynesian settings with an active mone-
tary policy rule because persistence is not simply a scaling device for multipliers-it gov-
erns the balance between two opposing forces.

On the one hand, a permanent income channel implies that more persistent shocks
raise the present value of resources and stimulate current demand. On the other hand,
a real interest rate channel works in the opposite direction: greater persistence makes
inflationary pressures longer lasting, increases expected inflation, and—under an ac-
tive Taylor rule-leads agents to anticipate a tighter real interest rate path that re-
strains demand. The interaction between these forces depends critically on the central
banks systematic response to inflation. When policy is sufficiently accommodative, the
permanent-income channel dominates and multipliers increase with persistence. When
policy is sufficiently aggressive, the real interest rate channel dominates and multipliers
decline. Between these extremes lies an empirically relevant intermediate region, where
the output multiplier is hump-shaped in persistence. Then, a transitory demand shock
can generate a larger contemporaneous expansion than a near-permanent one—not be-
cause it is stronger, but because it triggers a fundamentally different expected policy
response once inflation is expected to remain elevated. This three-regime characteri-
zation, derived analytically in a textbook RANK model, proves robust across alternative
policy rules, horizons, and a broad class of medium-scale DSGE models—highlighting
that persistence reshapes, rather than simply scales, the transmission of demand shocks.

Taken together, these results underscore that understanding whether demand pres-
sures are transitory or persistent is not merely a forecasting question — it is central to the
design and calibration of the policy response itself.
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APPENDIX A: Proofs of Propositions
Proof Proposition 1. Substituting the Taylor rule into the DIS equation (1) results in
Yt =Et [yi+1] — (ox — DE¢ [me4a] + & -

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—p) My = — (dn — 1) pMg +1,
(1—=pp) My =ryM, .
Substituting the latter into the former equation and rearranging yields

1-5p
(1=p) (1= Bp) + priy (¢r — 1)

Impact multipliers for inflation, the nominal interest rate, and the real interest rate are

My: >0.

K

My = Y >0,

(1=p)(1—=Bp)+ pry(¢x — 1)

p(bﬂ"‘iy

M; = >0,

(1=p)(1—Bp) + pry (¢ — 1)

(¢7r - 1)p/€1j

M’I" = - Z 0 b

(1=p)(L=Bp) + priy (pr — 1)

where the sign of M, follows from the Taylor principle ¢, > 1. O

Proof Proposition 2. Taking the derivative of M, with respect to p yields
OMy _ ry(dx— D1 Bp?)
O [(1=p) (1= Bp) + pry (¢ — 1)
Defining D = (1 — p) (1 — Bp) + pky (o= — 1), the previous expression simplifies to

oM,
D? QZ = kg (br — 1)(1 = Bp?).

which, given g € (0,1) and |p| < 1, is positive as long as the Taylor principle is satisfied
(¢ >1). O



Proof Proposition 3. Taking the derivative of M, with respect to p yields
OMy _ =B[(A=p)(A=Bp)t+pry(¢x—1)]+(1—Bp)[(1=Bp)+B(1—p)—ky(¢x—1)]

I [(1=p)(1=Bp)+pry(¢r—1))° '
Defining D = (1 — p) (1 — Bp) + pky (¢x — 1), the previous expression simplifies to
oM
20My _ 1 p N2 _

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

sgn (8323’) =sgn (ap® +bp+c) ,
where the auxiliary parameters are given by
a=p?, =-28, c=1—-rky(opr—1).
The corresponding roots are

L —bEVA
A
a

where the discriminant A = b? — 4ac is given by
A =482 — 4821 — ky(pnx — 1)] = 4B%ky(dr — 1) .

Under Local determinacy, we necessarily have A > 0, such that the polynomial admits
two real-valued roots that are given by

_ 28 £1/46%ky (¢ — 1) 3
T = 27 =p7! <li my(¢7r—1)> :
Since 5 € (0,1) and ¢, > 1, the only feasible candidate on p € (0,1) is

p

pr=p =p"" <1 — /iy (Pr — 1)) :
Note that p* € (0,1) if ¢ _ < ¢ < ¢, where we have

o _=1+(1-8)%k,", and ¢, =1+r,".

As f(p) = ap® + bp + c is a strictly convex function in p, statement (b) of Proposition 3
follows.
. . OMy o .
To show statement (a) of Proposition 3, notice that = o0 s strictly decreasing in ¢.
Hence, substituting in the lower bound ¢_, we obtain

& (=5,

= 870" = 28p+1-ry(¢, —1)=(1—Bp)* — (1-B)*>0,
¢7":?7r




where the last inequality applies as p € [0, 1). As aresult, we have ag;ly >0forallg. < ¢ .
Finally, to show statement (c) we analogously substitute in for the upper bound ¢,

to obtain
g op

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

¢7r:¢7-r

COROLLARY 2. We have

< 1 < 1- 6
My(0)>ph_>ml/\/ly(p) = frs 1+ P
Proof Corollary 2. Direct calculation yields M, (0) =1 and lim,_1 My(p) = my(lqs;,rﬂ—n
such that
< Ky (¢r —1) <
My(0)>g;nﬁMy(P) — 1-3 =1,
and the result then follows. O
Proof Proposition 4. Direct calculation of ag’p"* yields
oM
apﬂl_DQ[l_'_ﬁ_K‘y((ﬁ _1)_26p]7

where D = (1 — fp)(1 — p) + kyp(¢x — 1). Hence, we obtain:

oMy - < v w14+ B—ky(Pr—1)
a =0 < p=p*, with p*= 55 .

Then, p* € (0,1) as long as qb < ¢r < ¢, with qé =1+ 18 and o =1+ HB . Note that

oMz
a2 =120,

implying that 8{9‘4—; > 0 for ¢ < ¢” and p* — 1. Similarly, we have

oM

u g7=—"28p<0,
o5 |6:=3 Bp

implying that %"'—p“ <0 for ¢ > ¢ and p* = 0. Finally, note that the inflation impact
multiplier under a contemporaneous rule is given by:

Ky
(1=p)(L=Bp) + (¢rx —p) Ky

which is strictly increasing in p. O

My = >0,



We offer a full statement of the Proposition 5. Specifically, under a forward-looking
Taylor rule, three sub-cases arise depending on the aggressiveness of inflation and out-
put feedback, i.e., the following proposition complements statement (a) in the main text
by two sub-cases, (a.2) ¢ =1and (a.3) 0 < ¢ < 1.

Proposition 5 (Full statement) The following results apply.

(a) Assume the monetary authorities react to the one-step ahead expected inflation and
output gap, i.e. iy =7 + ¢z E¢ [mi 1] + ¢yEi [yey1]. The subsequent case distinction
applies.

(a.1) Consider the case ¢ > 1:

* If0 < ¢, <min{l,2 — “;”T_ﬁlmy}, there exist two regime thresholds given by
¢ _=1+(1-0,)(1-B)°k, " and ¢, =1+ (1—¢y)x; " such that the relation-
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 - ‘fﬁ;; Hy).

s If1< ¢y < min{.l + g2 - qsll—/; Ky}, or.zly the upper regime survives and
the output multiplier decreases monotonically with p.

(a.2) Consider the case ¢ =1:
* If0 < ¢y < 1, the output multiplier increases monotically in p.
* If ¢, =1, the output multiplier is constant as p is varied.
* If1 < ¢, <2, the output multiplier decreases monotically in p.
(a.3) Consider the case0 < ¢, < 1:

. [f%ﬁcy < ¢y <min{l,1+471,2— 4’12:51 Ky} applies, the output multiplier
increases monotically in p.

e [fmax{1, %ny} <y <min{l+p71,2— d’l’:ﬁl Ky}, there exist two regime

thresholds givenby ¢ =1+ (1 —¢,)r, " and . =1+ (1 - ¢,)(1 - 5)*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 ¢ > D
and (iii) displays a u-shaped pattern if ¢ < ¢r < ¢... In this latter case,

the degree of persistence that minimizes the output multiplier is given by
* _ p—1 _ or—1
pr=p (1 1_¢yl<6y).
(b) Assume the Central Bank reacts to both the current inflation rate and the current

output gap, i.e. iy =7 + ¢-m¢ + ¢yy;. Then, the results of Proposition 3 remain valid
once the thresholds and turning point are adjusted as:

2
6,257 (1492200 5, =57 (142
K K

Y Y

) andp* =71 <1— (%5—1)@) :

4



Additional Discussion. To begin with, consider the case (a.2), in which the RIR channel is
eliminated as ¢, = 1. There are three sub-cases. First, if 0 < ¢, < 1, the output multiplier
monotically increases in persistence. This is the case as the income expectation channel
is positive. Second, if ¢, = 1 applies, the 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 monotically decreases in persis-
tence. This is the case as the income expectation channel is negative. Notice that fixing
the output feedback ¢, = 1 is pedagogical as it allows us to isolate and link the out-
put response to the magnitude of inflation feedback ¢, in a more transparent manner.
Specifically, if ¢, < 1 holds, output increases monotically in p as the real interest rate
falls in p. Moreover, if additionally ¢, = 1 holds, the overall income expectation and the
real interest channel are both eliminated such that output is constant. Finally, if ¢, > 1
applies, output falls in p as the real interest rate increases in p.

Second, consider the case («.3), in which inflation feedback is moderate, i.e., 0 <
¢r < 1. If additionally output feedback is moderate, i.e., %I{y < ¢y < min{l,1 +

1—
expectation channel and the real interest rate channel move in the same direction. In

contrast, if output feedback is sufficiently strong, i.e., max{1, %my} < ¢y < min{l +

Bl 2— ¢z _/31 Ky}, output increases monotically in p. This is the case, as the income

71,2 — ¢1’r_ _61 ky}, the income expectation channel flips sign and we obtain three
regimes: output increases monotically in p for ¢, < ¢ is u-shaped in p for ¢ <or< G
and decreases monotically in p for ¢, > ¢. The u-shaped regime arises from two oppos-
ing channels: the income expectation channel now decreases output for higher persis-
tence values, while the real interest rate channel increases output for higher persistence
values. As such, the real interest rate channel dominates the income expectation chan-
nel for ¢, < Qﬂ, whereas the income expectation channel dominates the real interest

channel for ¢ > 6.

Proof Proposition 5 (Full Statement). We prove each part sequentially.
Part (a): We proceed in three steps. First, we provide determinacy conditions. Second,
we derive the output impact multiplier. Third, we study all cases individually.

Local Determinacy. The following lemma from Bullard and Mitra (2002) states condi-
tions of local determinacy.

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, (A.1)
Ky(dr — 1)+ 1+ B)py <2(1+5), (A.2)
Ky(dr — 1)+ (1= B)py > 0. (A.3)
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Impact Multiplier. Substituting the forward-looking Taylor rule into the DIS equation
results in

Yt = (1= ¢y)Et [ye41] — (pr — 1) Et [me41] + &2 -

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*(1*¢y)P]My:*(¢w*1)PMw+17
(1—=Bp) Mz =kyM,.

Substituting the latter into the former equation gives us

Ky p

1= (= 0yl My = = (6r — 1) 75

My +1,

which finally yields

1-5p
(1= (1—=¢y)pl (1= Bp) + ry(dr —1)p

The impact output multiplier is strictly positive as the denominator, M, can be rewrit-
ten as follows

M= (1=p)1=Bp)+ pldy(L— Bp) + kiy(dr — 1)]
(1=p)(1 =B8p) +ploy(1 = B) + ky(¢px — 1) + ¢y B(1 = p)] >0,

where the strict inequality is due to the determinacy condition ¢, (1 — 3) + sy (¢x —1) > 0.

Comparative Statics. Defining z = [1 — (1 — ¢)p] (1 — Bp) + £y (¢x — 1)p and taking the
derivative of M, with respect to p yields
2 oM, _

gy = (1= ) (1= Fp)" —ry(dr —1).

As a result, the sign of the previous expression is determined by the sign of the second
order polynomial in p, i.e.,

OMy\ o
Sgn<8p>—a,0 +bp—|—c,

witha= (1 - g{)y)ﬂQ yb=—-2(1-¢y)p,andc=1— ¢, — ky(dr —1).
The corresponding roots are
L. —bEVA
P = T oa
a

where the discriminant is A = b2 — dac = 4%k (dr — 1)(1 — ¢y).
Then 3 cases must be considered:



1. First, consider the case ¢, > 1.In this case (A.1)-(A.3) 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— gy) 5 1=y

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

pe(0,1)is
1
pr=p =p""1 (1— f_(by/iy) .

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

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

As f(p) = ap? + bp + c is a strictly convex function in p, the first part of statement
(a.1) follows. As before, note that sgn (83\29) is strictly decreasing in ¢,. Hence,

substituting in the lower bound Qw, we obtain

sgn (5/8\;19> |¢n=p_= 58N (1= ¢,) [(1-Bp)2 - (1-B)?]) >0,

where the last inequality applies as p € [0,1). As a resulE we have 8({9\2” > 0 for all
¢ < ¢_. Similarly, we substitute in for the upper bound ¢, to obtain

sen (2202 )1, 5, =sgn (1~ )3 (3p - 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 (a.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 (A.1)-(A.3) 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 () < ¢ < 1. In this case (A.1)-(A.3) 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= ¢’T V< ¢y <min{l,1 + 5712+

7



%my} applies, we have %‘2” > 0. Second, if additionally max{1, 11__‘1/56’: 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
ot =g <1i (f_%ny) :

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

* - — 7r_]-
pr=p =0 1(1— (f_qbymy).

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

given by

¢ =1+(1-¢y)k, "', and 5ﬂ51+(1—¢y)(1—ﬂ)%;1.

T

As f(p) is a strictly concave function in p, the second part of statement (a.3) follows.

As before, note that sgn ( 8(/9\;@ ) is strictly decreasing in ¢ . Substituting in the lower

bound ¢_, we thus get

0
sen ( gzy) lox=s_ =8N (1= )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 8§2y > 0 forall ¢, < Qﬂ. Similarly, we substitute

in for the upper bound ¢_. and finally obtain

sgn <88/\2y) gz =380 ((1—0y) (L= Bp)° = (1-p)*)) <0,

where the last inequality applies as p € [0,1). As a result, we have aé\;ty < 0 for all

6r2 0 .
Part (b): Substituting the Taylor rule into the DIS equation results in
(14 ¢y ys =Ei [ye41] + B [me41] — dnme + &1

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=—(¢px —p) Mz +1,
(1= Bp) Mz =kyM, .

8



Substituting the latter into the former equation gives us

Ky
1-p5p

(14 ¢y —p) My =—(ér — p) My +1,
which finally yields

1-5p
(1+ ¢y —p) (1= Bp) + (br — p) Ky

Taking the derivative of M, with respect to p yields

OMy _—B[A+dy—p) (L =Bp) + (¢n —p) ky| + (1= Bp) [(L = Bp) + B(L+ ¢y — p) + 5y]

My: >O.

O (14 6y = p) (1= Bp) + (67 — p) iy ]
Defining z = (14 ¢y — p) (1 — Bp) + (¢x — p) Ky, the previous expression simplifies to
oM,

a? 3 =(1—=Bp)* + (1 - Bon)ry -

As a result, the sign of the previous expression is determined by that of a second order
polynomial in p, i.e.,

oMy 5
Sgn<ap>—ap +bp+c,

with a = 2, =-20,and c=1+ (1 — Bor)ky .
The corresponding roots are

+_ —bEVA
P E
a

where the discriminant is A = b% — dac = 48%(B¢r — 1)ky.

Consequently, the following case distinction applies. First, ¢, < 3~! implies A <
0 and the second order polynomial has two distinct complex roots. Second, ¢, = 37!
implies A = 0 and the second order polynomial has a unique real root that is given by
—% = 71 > 1. Third, ¢, > 8! implies that the second order polynomial has two real-

valued roots that are given by
e 28 £1/4B%(Bdr — 1)ky
= T

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

p =5 (1 /(B - 1>/~ey) :

pr=p- :B_l (1_ (ﬁ¢7r_1)"iy) .
Notice that p* € (0,1) if ¢_ < ¢ < ¢, where we have
o =B""(1+(1-8)>%k,"), and ¢, =p""(1+x,").
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As f(p) = ap® + bp + c is a strictly convex function in p, statement (b) of Proposition 5
follows.

Notice that aé\zy is strictly decreasing in ¢,. Hence, substituting in the lower bound
¢, we obtain

0
sgn ( 2;13/) lpn=e_ =sgn((1— B)2— (1— 8)2) >0,

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

Finally, substituting in for the upper bound ¢,. we obtain

oM
o (8py> l6.=5, =s80(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 Qﬁy <Oforallgr >¢ . O

Proof Proposition 6. The system now features an additional state variable, i;_;, such
that we make the following guess (ignoring constant terms)

it = pitt—1 + M,
Yt = Pyte—1 + My&s , (A4)
T = Prit—1 + Mz .

Given the linearity of equilibrium dynamics, the deterministic and the stochastic parts
of the model can be solved separately. Under local determinacy, u; € [0,1), corresponds
to the stable root of the 3" order characteristic polynomial of the dynamic system.
Then, making use of the guess in the equilibrium, x,, and p, satisfy

My = Pifly — i + fifbr
P = Kyfly + Biifir

which admits the solution

i = ¢i + (1 — ¢i) b i i

= — pi(1 — Bpa)
Y (= ) (U= B) — Ry
fim = — Ky i .
T (U= ) (1= i) — Ry

The multipliers associated with the DIS shock, M;, M,, and M, satisfy
My = py M + pMy — M + pr M + pMz + 1,
Mz =My + B(prM; + pMz) (A.5)
M; = (1= i) (paMi + pMz) .

10



After simple, although tedious, algebra, the output multiplier obtains as
1—¢; Kyp -
M ={1— +(— — W—l)y} .
Y P M=, ¢ 1 — Bpui/bi

Then using the definition of 1, and denoting

U=—pu 1=di _ i (1 — Bri) 1—¢;

as well as B = fBui/¢; and 577 = U¢,, this rewrites

1

L (o) L

which has exactly the same form as the multiplier obtained in Proposition 3. Therefore,
the same results apply and we have

My:

6 =1+0-p)%," and ,=1+r;", (A.6)

—Tr

such that using the definition of O yields

6, =07 (1+(1-B)%;") and G =07 (1+r,").

Finally, using the same argument, we have

pr=p"" (1—%) :

At this stage, there however remains an open question: That of the existence and
uniqueness of the solutions to system (A.6). To address this question it first proves useful
to go back to the characteristic polynomial of the system. Plugging the solution for p,
computed above in the equation for x; and rearranging, the characteristic polynomial
obtains as

P(z) = (z— ;) [(1 - 2)(1 - Ba) — kyz] + (1 = ¢s)pnriy” .
LEMMA 2. Under local determinacy, the stable root of P(-) satisfies 0 < p; < ¢;.

Proof Lemma 2. Note that P(0) = —¢; and P(¢;) = (1 — ¢;)drry¢7 > 0, hence the poly-
nomial has —under the assumption of local stability— a single root between 0 and ¢;. [

Now, define
D(z) = (1—-2)(1—pz) — Kyx.
such that P(z) = (z — ¢;)D(z) + (1 — ¢;) prryx.
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In the sequel, we will make explicit the fact that ¥ and 3 are functions of ¢,. The
proof of existence and uniqueness will proceed by eliminating ¢, and ¥(¢,) in favor of
the root y;. Then each fixed-point condition from system (A.6) becomes a one-variable
polynomial equation in y; for which proving existence of (0, ¢;) is simpler.

Step 1: Eliminate ¢, and ¥ in favor of 11;. Let p; be the stable root of the characteristic
polynomial so that P(y;) = 0. We then have

(i — i) D (i) + (1 — &) rriyui =0.
Since u; < ¢;, we can rearrange to

~(pi — i) D)
s Ty o B A7)

Moreover, by definition

W(br) = 1— Bpi A =di)pi _ 1=Bpi (1= i)pi
(U= Bua) (L= ) — Kypa i D(ps) b
SO
1 D(pi) Pi
= : . (A.8)
U(dr) 1—=Bui (1—i)pi
At any fixed point we must have ¢, > 0, which forces p; > 0 and D(u;) > 0 by (A.7).
Step 2: Find ¢,.. Consider the fixed point equation
1 1
T (1+ ?y) . (A.9)

Substituting (A.7)-(A.8) and canceling the common factor D(u;)/pi(1 — ¢;) > 0 yields

i — i _ 1 bi N -
W‘<1+@)1—/3m = (9= ) (L= Bpi) = (5y + i

i.e. u; solves the quadratic equation
Qz)=pa? — [1+¢(B+ry +1)|z+¢; =0. (A.10)
Note that Q' (z) = 28 > 0, so Q(z) is strictly convex. Furthermore,
QO)=¢;>0, and Q(¢:1) =7 (8~ (B+ry+1)) =67 (ry +1) <0.

Hence, by continuity there exists a root in (0, ¢;), and by strict convexity there is exactly
one such root; call it ; € (0, ¢;). Define

(¢i —11;) D(15;)
(1 - (bi)“yﬁzz

)

br
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which is well-defined and positive. Any ¢, satisfying the fixed point (A.9) condition must
have 1; solving (A.10), hence u(¢.) = 1i;, and then equation (A.7) forces ¢, = ¢... Thus,
equation (A.9) admits a unique fixed point.

Step 3: Find ¢_. Consider the fixed point equation

), where B((bﬂ):ﬁ“i%). (A.11)

_ 1 (1 _5((1571’))2
T (” "y

Using (A.7)-(A.8), canceling D(u;)/pi(1 — ¢;) > 0 and rearranging gives

(¢i = pi) (L = Bps) = dipti (Hy + (1 - 5/%)2) :

b
Let us denote r = u;/¢; € (0,1) (from Lemma 2) and rewrite the previous equation as
Q(r)=1—[14¢;(B+ry + 1)]r+3B¢ir? — e =0. (A.12)
We have

Q0)=1>0 and Q(1)=—¢;[(1—B)*+ry| <0.

Thus, by continuity, there exists at least one root r* € (0,1).
For uniqueness, we compute

Q" (r)=6B¢;(1 - pr).

Since r € (0,1) and 8 € (0,1), we have 1 — 8r > 0, so Q" (r) > 0 on (0,1) and hence Q is
strictly convex on (0,1). Since Q(0) > 0 and Q(1) < 0, and given that a strictly convex
function can cross the horizontal axis at most once on an interval, the root r* € (0,1) is
unique. Let B = @ir* € (0, ¢;) and define

6 = (¢i — p,)D(p,)

- (1- fbi)“yﬁf
As before, any fixed point ¢, for equation (A.11) forces r = p;(¢r)/@; to satisfy (A.12),
hence r = r* and y;(¢r) = p,, which in turn forces ¢ = ¢_ by (A.7). Therefore, the un-
derlying equation admits a unique fixed point. O

Proof Corollary 1. The system of restrictions (A.4) (see above) implies

bi
1- (1 - ¢i)¢7rlj'7r -

Hi=
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The solution coefficients pertaining to the stochastic part, M;, M, and M, satisfy sys-
tem (A.5). From the last restriction of the system we have

( ¢z)¢7rp 1—¢;
Mi— My =AppM, with A— )
— (0= 60)bmtin onp — (L= 60)bnrin
For future references, it is useful to note that
Oy
(:)A _ (17(231) ¢ﬂ-8¢1 -

90 [1—(1- @)%uﬂf
Plugging the preceding result in the NKPC (second restriction), we get

Mz = kyMy + Bp(prAor + )Mz = My = T ﬁpGMU , with ©=1+A¢rpr.
Making use of this result in the DIS equation (first restriction) yields
1 .
My = Ry with ¥ =A(1—py — pr).
1-— =1
ptp(¥or —1)— 56,

Defining E =04 and 5,, = V¢, as established in Proposition 6, M, has the same form
as in Proposition 3

1
My: pe I3 )

1—P+P(¢7r—1)1_7gp

which implies that
d =1+(1-B)2;", and ¢,=1+r,",
such that using the definition of ¢, yields
6, =0 (1+(1-B%;") . and G, =07 (14+x7)

Finally, using the same argument, we have
pr=p"" (1 — Ry (T — 1)) -

We now investigate the comparative statics of ¢ _, ¢,. and p* in a neighborhood of
¢; = 0. Note that as soon as ¢; = 0, we have p; = iy = pir =0, implying that A\ =0 =¥ =
1. Taking a first order Taylor expansion of the system of restrictions pertaining to the
deterministic part of the model around ¢; = 0 yields

dpi = do;
dpy = —dp; = —do;
A = Kydpy = —Kyde; .

14



Note that, around ¢; =0, 9A/J¢; reduces to

on
odi

—(14 ¢rky) .
Then, © can be approximated as

dO = ¢rpind\ + Aprdpir = —¢7r’€yd¢’i .
Likewise, ¥ approximates as

oA Duy Dt
=—do; — A—do; — A——dp; = — r—1)do; .
A 3¢id¢ Aa@ do Aa@‘ do Ky(o )do
Then, note that since ¢, is a decreasing function of ¥, under the Taylor principle,
¢, increases with ¢; in a neighborhood of ¢; = 0. Likewise, p* is decreasing both in ©
and ¥, implying that p* increases with ¢; in a neighborhood of ¢; = 0. Finally, in the
neighborhood of ¢; =0, ¢ approximates as

dp_=[(¢x — ) (ry + (1= 5)?) +2(1 = B)Box]dei ,

such that, under the Taylor principle, ¢ _increases with ¢; in the neighborhood of ¢; = 0.
Hence, we have:
d¢ . dp*

T >0 0 0.
d¢i> ' d¢>i> ' d¢i>

O

Like for Proposition 5, we offer a more general version of proposition 7 in this sec-
tion.

Proposition 7 (Extended Version) Let the cumulative output multiplier at horizon h €
N be defined as

Cylp.h) = My(p) 3_p"

Let p* € argmax (9 1) My(p) denote the level of persistence maximizing the impact out-
put multiplier, and p(h) the level of persistence maximizing Cy(p, h). Define the horizon
threshold

n) = [Fe(dn)] —1 €N, where ho(dr)=— (¢”‘¢

ma(amr).  ew

Then, the global maximizer(s) of Cy(p, h) can be characterized as follows.

(i) Ifl1 <¢x <¢_, then Cy(p,h) is strictly increasing and argmax Cy(p, h) — {1}.
o p€l0,1)
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(i) If$_ < éx < ¢y, then the following holds:

(ii.a) If1 < h < h(¢,) then there exists at least one global maximizer p(h) € (p*,1)
satisfying 8Oy(p’h) |p s ="0-

(ii.b) Ifh > h(éx) + 1 then p — 1 is a boundary local maximizer in the sense that

aC,

lim 14 w > 0. Moreover, exactly one of the following two sub-cases holds:

80@/(/0,

1. Cy(p,h) is non-decreasing, h) >0Vpe|0,1), in which case

argmax Cy(p,h) = {1} .
p€[0,1)

2. There exists pg € (0,1) such that p=po < 0- Then there exist at least
two distinct interior solutions, and at least one interior local maximizer. Let
Ly, C (0,1) denote the (nonempty) set of interior local maximizers of Cy(p, h).!

Then every global maximizer belongs to {1} U L}, and

8Cy(p h) |

argmax Cy(p,h) = {1} <= lim Cy(p,h) > max Cy(p,h).
pel01) ol PELH

In addition, every interior maximizer satisfies p(h) > p*.
(iii) If b, < drx < ¢2%, then the following holds:

(iii.a) Ifpr <1+ l and 1 < h < h(¢), then there exists at least one global maxi-

ot Cu(ﬂvh) _
mizer p(h) € (0, 1) satisfying |p =0
(iii.b) If h > h(¢x) + 1, then lim,4q M >0, so p — 1 is a boundary local
maximizer. If, in addition, ¢, < 1 + /Ty then p = 0 is not a maximizer (since

lim, o GTC; > 0). As in (ii.b), the global maximizer is either p — 1 or an interior
local maximizer, and 1 is a global maximizer if and only if its level dominates
all interior local maximizers.

Proof Proposition 7 (Extended version). Fix the horizon h € N and define

O=ry(dx—1),  D(p)=(1—-p)(1-P5p)+pO, Sh(P)EZPi~

Then Cy(p,h) = My(p)Sp(p) with M, (p) = (1 — Bp)/D(p). Since, under local determi-
nacy, © > 0, we have D(p) > 0 for all p € [0,1] and hence M,(p) and Cy(p,h) are well-
defined and continuous on [0,1). Moreover, lim, 1 My(p) = (1 — 3)/0© and Sy(p) —

00 (p:h) _ 20, (p:h)

IThat s, p € Ly, iff =0and changes sign from + to — at p.
2Strictly speaking, there emerges another sub-case for ¢ > 1 + .= . In this case, we have C’(0,h) <0

and, depending on the value h, C} (17,h) z 0. This requires, as in case (ii.b) or (iii.b), the comparison of
boundary values with the ones of a potential interior maximizer.
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h+1as pt11,so Cy(p,h) has a continuous extension to [0,1) by lim, 1 Cy(p,h) =

im,_, ' . 1), ’
(h+1)lim,_1 My(p). Note also that Cy (p, ) is differentiable on [0, 1). Furthermore, from
aMy(p) 2 0ifp =

Proposition 3, we have

The first order condition characterizing a maximal cumulative multiplier at horizon
honp € [0,1) is given by:

h

9Cy(p,h) _ IMy(p) 9Sn(p) Sh(p) N~ i1
Atp=0, S,(0)=1, 8Sh(p)|p 0=1My(0)=1,and L/gjj@)|p:O:1—@,wehave
C/(O,h)zacgg’m|p:0:2—®. (A.14)

Asp—1, Sy(p) — h+ 1 and 22520 — p(h +1)/2, while lim, 1 My (p) = (1 - §)/© and
lim,,_1 (%@;}P)) =((1-B)? — ©)/62, we have
o(1 - B)h
sgn(Cy (17, 7)) :sgn((l—ﬁ)2 -0+ (2/3)> , (A.15)

aC,

where we have defined C’(17, h) =lim 4, M . Therefore, it follows that

>0 < h>h(¢r)+1,

where h(¢r) = [he(dx)] — 1, with
2 [(mybr 1) -(1=B)*)_ 2 (¢n—¢,
hcw”)l—ﬁ( oy (x = 1) )1—/3(%—1)'

Because Cy(p, h) is continuous and differentiable on [0, 1), we have the following two
results:

(R1) If C'(0,h) > 0 and Cj(17;h) < 0, then neither endpoint can be a global max-

imizer. As a result, at least one global maximizer lies in (0,1) and must satisfy
9Cy(p(h):h) _
op e

(R2) If C'(0,h) > 0 and Cy(17;h) > 0, then either 2 a >0 on [0,1) (so Cy is non-

decreasing and p — 1 is the unlque global maximizer), or else there exists pg € (0,1)
with %’;O’h) < 0, in which case continuity of %{f’h)

9Cy(p,h)
dp

implies there are at least

two distinct roots of in (0,1) and at least one interior local maximizer.

17



Proof of (i): If¢,r<qb then © < (1 — 8)%, hence VO <1 — g and p* = (1 —VO)/3 > 1.

By Proposition 3, y(p) > (0 forall p € [0,1). Since also Sy, (p) > 0 and 8(9—% >0on|[0,1),

we have M

atp— 1.

>0o0n|0,1), so Cy(p,h) is strictly increasing and uniquely maximized

Proof of (ii.a): Under Qﬂ < ¢x < Eﬂ we have © < 1 < 2, so Equation (A.14) implies
C;(0,h) > 0. If 1 < h < h(¢r), then Equation (A.16) implies C},(17,h) < 0. Thus (R1)
ylelds existence of at least one interior global maximizer satlsfylng the first-order condi-
tion. It remains to prove p(h) > p*. If p* > 0, then by Proposition 3 one has My >0 on
[0, p*], hence for p € [0, p*],

9Cy(p,h) _ OMy(p)
ap ap

9Sn(p)

ap >0.

Sn(p) + My(p)

Therefore Cy(p, h) is strictly increasing on [0, p*], so no maximizer can lie in [0, p*]. If
p*=0(i.e.©=1),then C}(0,h) =2 -0 = 1> 0 excludes 5 = 0, so any interior maximizer
satisfies p(h) > 0= p*. Finally C} (17, h) < 0 excludes p — 1, so p(h) < 1.

Proof of (ii.b). If » > h(¢) + 1, then by Equation(A.16) one has C},(17; h) > 0, hence p —
1is aboundarylocal maximizer. Since © < 1 < 2, Equation (A.14) implies CQ(O, h)>0,so
p =0 cannot be a global maximizer. Applying (R2) yields the dichotomy (1)-(2). In sub-
case (2), the characterization of global maximizers follows because any global maximizer
must be either the boundary point p — 1 or an interior local maximizer. Moreover, the
criterion

argmax Cy(p,h) = {1} <<= lim Cy(p,h) > max Cy(p, h)
p€l0,1) p—=1 pEL
is immediate from the definition of £;, and continuity of C,. Finally, the same argument

as in (ii.a) shows that M >0 on [0, p*) when p* > 0, and C; (0, h) > 0 when p* = 0;
hence no maximizer can he in [0, p*] and every interior maximizer satisfies p(h) > p*.

Proof of (iii). If ¢, > ¢,, then © > 1 and p* =0.If© < 2 and 1 < h < h(¢,), then Equa-
tion (A.14) gives Cy (0,h) > 0 and Equation (A.16) gives Cy(17,h) <0, so (R1) yields an
interior global maximizer satisfying the first-order condition, proving (iii.a). If instead
h > h(¢r) + 1, then Equation (A.16) gives Cy(17,h) > 0, hence p — 1 is a boundary lo-
cal maximizer. If additionally © < 2, then (A.14) implies C; (0,) > 0 so p = 0 is excluded
as a global maximizer, and the same reasoning as in (ii.b) applies: the global maximizer
is either p — 1 or an interior local maximizer, and 1 is globally optimal if and only if it
dominates all interior local maximizers. O

Proof Proposition 8. First of all, we guess and verify that the solution takes the form y; =
My and 7y = My, such that the DIS and NKPC can be rewritten as

(1 —pu) My = —(¢x = 1) ppMa ,
(1 =Bpp) Mz =ryMy+1.
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Substituting the second equation into the first and rearranging yields

—pu(pr — 1)
(1 - pu) (1 - ,Bp,/) + prky (¢7r - 1)

The impact multiplier for inflation then follows

(1 - Pz/)
(1—=pu)(1—Bpy)+ Pr iy (6r — 1)

Differentiating M, with respect to p,, yields

oM, _ (r — 1) [(1 = Bpu)(X = pu) 4+ pu(1 = Bpu) + pu (1 — pu)] <0

8pl/ [(1 _pu) (1 _ﬁpu)"‘pvﬁy (¢7r - 1)]2

as long as the Taylor principle holds. This establishes part (a) of the proposition.
Differentiating M, with respect to p, yields

<0.

My, =

My = >0.

OM . ﬂ(l—Pu)z_Hy(d)Tr_l)

v [(1—pu) (1= Bpw) + puriy (br — 1)]?

which sign depends on the sign of the numerator. The latter is a second order polyno-
mial in p,, P(p, ), given by

Y

P(pu) :ﬂpg —2Bp, + 5 — Ky(¢7r - 1) s

which, as long as the Taylor principle holds, possesses the two real roots

Ky(pr — 1)

-
py T =14+
Y B

Since the Taylor principle holds, p;" > 1, so the only admissible root is

v _q_ [fy(¢r—1)
p, =1 3 .

Since p, € [0,1), this solution lies in the (0,1) interval aslong as 1 < ¢, <1+ Hﬁ Since
3 > 0, the polynomial is convex and positive (resp. negative) below (resp. above) p?. Ac-
cordingly, aslongas 1 < ¢ <1+ K%, M is increasing (resp. decreasing) for all p, < pj,
(resp. pv > p;). For any ¢, above 1 + ﬂ%, the multiplier is decreasing in p, . This estab-

lishes part (b) of the proposition. O

PROPOSITION 9. We proceed in three steps.

Determinacy. For a derivation of the determinacy condition, see, for instance, Propo-
sition 3 in Gabaix (2020), respectively Proposition 1 in Bilbiie (2025). Directly applying
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their technics yields

¢7T >$Emax<1+ (l—ﬂf)(Cf—l) Cfﬁf—1> |

Cr Ry ’ gr Ry

Multipliers. Substituting the Taylor rule i; = 7 + ¢, 7, into the DIS equation results in

Yt = CrBe [ye+1] — G Bt [@ame — mep1] + (&t -

We guess and verify that the solution takes the form y; = My¢; and 7, = M7&;, such
that the previous equation together with the NKPC yield the following restrictions on
the solution

(1 - pCf) My =—(r (¢7T - P)MW + Gy
(1= Byp) Mz =ry M.
Substituting the latter into the former equation and rearranging yields

Gr(1— ﬁfp)
(1_pr) (1—pCf) + (¢n —p)CTKy -

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

vt =Ap Eelyea] +Bré&:,
m Bt [me41]

1 (cf cr(l—%ﬁf))’

= 1 +¢7r<r/fy Cf"‘gy Bf +<r"€y

My =

where

Ar

Using the fact that E; [y:11] = py: and E¢ [m¢41] = pm: hold on the equilibrium path, we
can write

(yt> = (I, — pAr) ' Br&

"
= ! 1—pAz  pAiz
B 2 Bré&:
(1—pA11)(1 — pAga) — p“A12As \ pA21 1—pAn
= 1 (1 - pAQQ)Bll + pA12B21 .
(1—pA11)(1 — pAgz) — p® A1 A1 \ pA21B11 + (1 — pA11) B '
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Notice that we have

+(rk ,
(1 - pAQQ)Bll —|—pA12821 — (1 —p ﬂf CT y ) C

1+¢7r<7’/<5y 1+¢7r<_r/€y
Gr(1— ¢ﬂ'6f) Cr"‘fy
14+ onlriy 1+ nriy
:Cr(l - pﬁf)
1+ qbﬂ'Cr’iy

where the strict inequality follows under the assumption 1 > p3; and ¢, > 0. As aresult,
this implies that sgn(M,) = sgn(det(Iz — pAr)). One can show that

>0,

A11A22 — A12A91 = % >0,
wGrRy
§f+5f+<r’€y
A1+ App=2—"2 > 7 >50.
11 22 T+ ontrry

Moreover, we can rewrite

det(Io — pAr)=(1—pA11)(1 — pAa2) — p2A12A21
=1—p(A11 + A22) + p? (A11 422 — A12A21) .
As Aj1 + Az > 0 applies, we can write

det(Iy — pAr) =1—p(A11 + A22) + p? (A11 422 — A12A21)
>1—p(1+ A11Age — AjoAor) + p? (A11 422 — A12As)
=(1—-p)[1—p(A11A22 — A12421)]
>0,
where the first strict inequality is due to the determinacy condition A;; + A2 < 1 4+

Aj1A22 — A2 A1 and the second strictly inequality is due to the determinacy condition
Aj1A92 — A12 421 < 1. As aresult, this implies

gr(l _pﬂf)

M, —
Y (1= Bsp) (L= pCs) + (6m — p) Crkiy

>0.

Taking the derivative of M, with respect to p yields

2 oM
% 3py :Cf(l _ﬁfp)Q"_C’l’"{y(l _Bf¢ﬁ)a

where z = (1— B¢p) (1 — (sp) + (¢ — p) (rky. As atesult, the sign of the previous expres-
sion is determined by a second order polynomial in p, with discriminant

A=4CFB7 = 4¢BF [Cr + (1= Bron) Crky] = 4CCrBFH(Brdm — 1)y -
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Consequently, the following case distinction applies. If ¢, < ﬁ;l then A < 0 and the
second order polynomial has two distinct complex roots. If, ¢, = 5;1, then A =0 and
the second order polynomial has a unique real root that is given by 6]71 > 1. Finally, if
Or > 6]71 then the second order polynomial has two real-valued roots that are given by

er,* _ 6;1 <]_ + \/(ﬁfQSw — ]_)g;l%y) .

Evidently, p™ > 1 as 8y € (0,1) and ¢ > 6]71 such that the only feasible candidate on

pel0,1)is
* _ — _ n—1 CT’

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

%E@ﬂo+ﬂﬂMﬁ%;) md@g@ﬂ@+?@0.

Since sgn (aé\;ty ) is strictly decreasing in ¢, substituting in the lower bound ¢ , we

obtain
p

o (s [(1=Brp)® = (1= By)*] >0,
bn=0,

[¢)

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

Similarly substitute in for the upper bound ¢, to obtain

oM
T’fq%:g < CBrp [Brp—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 Q;ly <Oforall ¢, > ¢... O

PROPOSITION 10. We guess and verify that the solution takes the form y; = M & and
m = Mx&. Plugging the guess in the DIS and NKPC equation and defining k = x4y, we
obtain:

r

1—p+
1—-pBp

(6r—p)

Given that I'y is multiplicative of [1 —p+ 17—%(% - p)} , all the results pertaining to

[ ¢ and p* are the same as in statement (b) of Proposition 5 in which we replace
by k. O
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APPENDIX B: Relation To Alternative Decompositions

Following Bilbiie (2020) and dropping constant terms, the consumption function of the
RANK model is given by:

ct = BE¢[ctr1] + (1= Byt — Bre (B.1)

which simplifies under market clearing (c¢; = y;) to the standard DIS equation:

Ct — Et [Ct+1] —T¢.

Decomposition into Direct and Indirect Effects

Currently, there are two approaches in the literature to decompose the propagation of
monetary shocks into direct and indirect effects.

Decomposition via Real Interest Rate Response Kaplan et al. (2018) and Bilbiie (2020)
define direct effects with respect to the change in the real interest rate of of the liquid
bond, r;, keeping household income y; fixed. Assuming that the real interest rate follows
an AR(1) process with persistence p yields the following decomposition:

.1 1
Multlpher. My = E 5
. ) p_ B
Direct Effect: M,/ = =5,
. 1-8
Indirect Effectt MP=__— - °
Y (L=p)(1-Bp)

Decomposition via Shock Innovation Maliar and Naubert (2025) instead define the di-
rect effect as the partial derivative of the consumption response with respect to the per-
sistent contemporaneous innovation of the DIS shock, holding household income and
the real interest rate fixed. Substituting in the monetary rule into (B.1) yields the follow-
ing Keynesian consumption function:

¢t = BE¢ [eep1] + (1= Bys — B((dr — DE¢ [me41] +€t) -

In this case, we obtain:

Multiplier: M, = 1 —
L=ptplon —D)3— 5
Direct Effect: MyD =1 _B 5
, - LB Belor — D
Indirect Effect: My = .
(1= 8p) [1—=p+pldx — 1)1_yﬁp
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There are two points worth mentioning: (i) if ¢, is sufficiently large, then indirect ef-
fects may become negative, precisely due to the endogenous real interest rate response
- note that this only applies for p > 0; (ii) if we shut down the endogenous real interest
rate response (¢, — 1), we recover the previous decomposition via the real interest rate
response, highlighting that the total indirect effect is driven by indirect income effects
and indirect real interest rate effects.

We now compare the previous decomposition to the one proposed in our paper. The
PI channel can be written as:

1

IL-p

PI= LMD MP) Ly

Finally, the RIR channel can be written as:

v g
— Bp(éx 1)1—6,0( B) r 1)zﬁ |
_ _ _ Ky 1—p)(L—=Bp
(1=5p) |1 =p+p(¢r 1)1_5p

1D 1D
:—My —|—My ‘d’w—ﬂ'
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APPENDIX C: Quantitative Modeling Details

This section provides the reader with a more detailed exposition of the model, some-
times repeating statements already made in the main text for expositional and clarity
purposes.

C.1 The Quantitative Model

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.

C.1.1 Households The economy features a unit mass of infinitely-lived households,
indexed by i € [0, 1], with preferences over consumption C} and labor L} represented by
the following utility function:

il—o i1+
) ) o) Lt
UCE. LY = t - t
( ts t) 1—o v 1+¢ )

where ¢! 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 S € (0,1). Finally, households supply a variety of differentiated labor in-
put Li(1). Importantly, wage-setting decisions are made by labor type specific unions
indexed 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 portfolio consisting of three
types of assets: (i) liquid bonds, (ii) shares of illiquid real stocks of intermediary good
firms, and (7ii) illiquid physical capital. Hand-to-mouth households cannot participate
in asset markets and insure against income risk by holding liquid bonds. Transitions be-
tween states are modeled as a Markov process with probabilities P(Hyy1 | S:) =1 —s
and P(S¢+1 | H¢) =1 — h, where s, h € (0,1) govern persistence. The stationary equilib-
rium ensures the unconditional mass of hand-to-mouth households is A = 2i;i5 3

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 BfH (resp. B{}'H) 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

3In this setup, transition probabilities also represent the proportion of households switching states.
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in ¢ + 1, to which add all the individual liquid assets holdings, bffrl of the A x (1 —h)
period ¢t hand-to-mouth households that become savers in ¢ + 1. Accordingly, we have

By = (1= N\)sby i + A1 —h)b, . (C.1)

Similarly, Bf_IH 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 — \) x (1 — s) period ¢ savers that
become hand-to-mouth households in ¢ + 1,

B = Anbf 4+ (1= N (1 —s)b7 (C.2)

Finally, the following assumptions on asset holdings are placed on households’ behavior
as an equilibrium selection device on financial markets.

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. (A1l.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).

Physical capital is illiquid, cannot be transferred across states and accumulates as

s
K =(1-0)K +® (%) K7, (C.3)

¢
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 ®(6) = § and ®'(5) = 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 — \)I7.

Savers: Saver households enter period ¢ with the bond holdings, B7 /(1 — \), carried
from period ¢ — 1 and which yield a real return exp(—§;—1)R¢—1/7m, where R;_; is the
gross nominal interest rate, 7; is the inflation rate between ¢ — 1 and ¢, and &;_; is our
DIS demand shock.* The shock is assumed to follow an exogenous AR(1) process with

4Formally, ¢&; is the risk premium shock in Smets and Wouters (2007), but we will stick to the DIS shock
labeling so as to insure consistency with the main part of the paper.
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persistence p € [0,1). On top of these liquid assets, savers also carry physical capital K}’
that yield an after tax return (1 — 7%)RX, where 7% € [0, 1) denotes the constant capital
income tax and R is the real return on capital. Finally, their capital income also com-
prises w;’ /(1 — \) stocks each yielding an after tax dividend (1 — 77) Dy, with 7P € [0, 1),
and that resell at price ¢;. The savers also receive a (after-tax) transfer (1 — ') F° from
a financial intermediary and pay a lump sum tax 7;° to the government. Finally, they
supply a variety of differentiated labor inputs L7 (1) at a nominal wage W (l), which gen-
erates a labor income Y;° = fol Wi (1)L7 (1)dl/ P;. These revenues finance consumption
and investment expenditures, Cts and Its , and savers’ financial investment in the form
of liquid bonds, b7, ; and stocks, wy, ;, so as to maximize their intertemporal utility. Ac-
cordingly, the optimal plan of a saver solves the Bellman equation

SRS S Sy _ , S 7S = li/8pS S S H(pH
V2B, wy, Ky )_{05715%%1&?;1}“(@ Ly) + BE: {V (Bipwipn, Kir) + 1_)\‘/ (Biy1)
subject to

S —&t—1 S S
w e R,-1 B w
cS 1 pS t+1 1S _yS t ( 1— DD) t
t O e+ ©+ p T g+ (1 —77)Dy -
+(1-REKY + (1 - FP - 17, (C.4)

b1 >0 and (C.1)—(C3),

where the value function accounts for the possibility that, in period ¢ + 1, the saver can
become a hand-to-mouth household.” E; denotes the expectation operator that may
deviate from the full information rational expectation operator as discussed below. The
optimal behavior is then characterized by the set of first order conditions (FOCs):

(CP) 77 =AF,

Xp = Be™SRIEY [sAiy + (1 - oM
s ok | s k I N LI
@Ay = BEY (Mg | (L —=7) Ry g1 (1 -0+ 5 - 5 5 )
Ky Kit1) K

IS
1=qd | L
N (Kf>’

where R} is given by R} = R;/E¢[m:+1], and where we make explicit use of Assumption
Al.c which insures that the borrowing constraint never binds for savers.

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

5The next period hand-to-mouth value function is scaled by A\/(1 — \) as the state variable is written
in terms of total island bond holdings. As such, the relative transition probability A/(1 — X\) maps into the
corresponding individual transition probabilities (s,1 — s).
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government (T} < 0). Just like savers, hand-to-mouth households decide consumption
expenditures, CH, their liquid bond holdings, bg_l, so as to maximize their intertempo-
ral utility. Accordingly, the optimal plan of a saver solves the Bellman equation

1—A

VAB) = max UCH L)+ BE VH(BﬁO+TVS(B7§+1’0J§+1aKtS+1)
(G b}
subject to
—&-1p, . BH
Cﬁ+bg1:mH+€7“7t_ tH, (C.5)

Tt A

b, >0 and (C.1)-(C.2),

where Y,/ = fol Wy(1)LH (1)dl/ P; denotes real labor income of hand-to-mouth agents.
The optimal behavior of the household is then given by

(ng)—a = )‘I}Sl )
Wi
cpr= @L? -1,

where AY is a distribution term originating from the Calvo wage setting (see below).
Finally, we assume that hours worked are uniformly distributed across household
types in the steady state, i.e.,, L° = L = L. In the spirit of Werning (2015) or Patterson
(2023), they are allowed to fluctuate disproportionally off the steady state, i.e., L7 =
xL,5 where 0 < y < x. This, de facto, sets earnings incidence across households and
affects the cyclicality of income inequalities.
Aggregate consumption and labor are given by:

Cy=AC! + (1= \)C5
Ly =ML+ (1 - ML .

C.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 ¢.8 Let X, 1 =
X¢1+1 — X be the deviation of the future realization X;,, from the default value as of
period ¢. The behavioral expectation operator, E;[-], is then defined as

E¢ [Xtq1] =By {Yt + Xt-i—l] =X + pEy P?t-u} , (C.6)

6A hat denotes relative deviations from the steady state.

“Notice 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 (C.6) is defined with
respect to the state comprising only the aggregate shock, not individual wealth. In mathematical terms, we

assume E; [XfH (St+1, Ktsﬂ)] =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.

8For 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 ;.

C.1.3 Firms Theeconomy comprisesacontinuum 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

1 p=t \ T
Y, = /Yt(j) @ dj . with ¢, >1.
0

Profit maximization leads to the constant elasticity demand for intermediate good j

Yi(j) = (P;(j)) Ty

1
where P, = ( Jo P(G)—crdj ) "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

Yi(j) = AK:(j)*Le(j)1™*, with A>0and a€(0,1).

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

by Le() = (Jy Lot ) " 1) ™.

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
WiLi(j) = fol Wi(1)L¢(j,1)dl from a financial intermediary and repays the loan at the end
of period at an interest rate Rf’. When ¢ = 1 we have the working capital assumption,
when ¢ = 0 the firm is not affected by working capital. Intermediate values shall be in-
terpreted as a weak form of working capital. For simplicity, we assume that the financial

9Heterogeneity in cognitive discount factors is meant to capture a combination of heterogeneous atten-

tion 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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intermediary has access to an inexhaustible credit line with the central bank at no inter-
est payments, and that it redistributes its aggregate profits at the end of period to savers
—ie, FP = (Rff’ — 1)W¢N¢. The optimal firm behavior implies

(RF)™(weRY)!

MC,y(j) = MC, = :
t9) T et (1)

RFKL(j) =

where M C;(j) denotes the real marginal cost of firm j, identical across all firms.

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) =
Pt+7_1|t(j)5ﬁ771, where =; = my_15¢_1 Vt > 1 with =y = 1, and yx,, € [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

oo Pt*EXp L
Z G;Wt,tJrTY;f+T|T(.j) (t—H—_ - MCt+T>

max EP
T7=0 Pt+T

Py

Pt*EiCP L —€p
subjectto Vi, |, (j) = <P+T_> Yijr,
t+7

where U, ¢, = 87 (CZ../CF) "7 is the savers’ stochastic discount factor and EP[] de-
notes the behavioral expectation operator of intermediate firms with cognitive dis-
counting parameter . Finally, aggregating across firms and using the Poisson process
associated with the Calvo fairy, the aggregate price index satisfies

1—e
Pt

1—ep

P=0p (Pt—lﬂi(—pl) + (1= 0p)(PF) .

The optimal price setting behavior is summarized by the following set of FOCs:

X —€p
Trtﬁ Qn
Teql m,t+1| >
X 1—e *
(F5) ()t
)
Tt 41 my1)

O, =\ MC,Y; + B0, EP

QL , =\ Y; + BO,ET

Epgg,t =(ep— 1)Qi,t )

Tt

7.‘.Xﬂ —€p
Af =0x ( t_1> A+ (1= 0x)(mp) "7,

where m; = P;/P;_; denotes the inflation rate and =} is the optimal price change of a
firms who revise its price setting decision. A7 denotes the distribution of prices across
contracts.

30



C.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 labor,
I € 10,1], supplied by households is represented by a labor union. Each skill-specific
union aggregates labor across households and sets nominal wages subject to Calvo
(1983)-type nominal rigidities. 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 inflation, such that W, |, (I) = Wt+r—1\t<l)5i<$7-—1’ where y,, € [0,1] re-
flects the degree of wage indexation to inflation, and =; was defined earlier. When al-
lowed 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 de-
mand for labor of type 1.!° The union’s optimization problem is: !

max [E’

wee > (B0w)T (Au(ct’iT, LE )+ 10Uy, Lfﬁ))]

7=0

Wi (D)= 4r—1

subjectto L;4,(I) = ( W
t+71

) th_H-, (C4) & (C.5).

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

counting factor y,,, and W4 is the aggregate wage given by W; = ( fol Wy (1)t —ew dl) e
In a symmetric equilibrium where all unions set the same wage, W; (/) = W/, and ap-
plying the Calvo fairy, nominal wage dynamics simplify to:

W = Gy (Wimam ) 4+ (1= 0,) (W) 75

The optimal wage setting behavior is then characterized by

w(l+ 1+ w —ew(14
o (T LT g [ (i T,
w,t wy AY A e wiy WA

X * l—ey
< Tt v Wy ) Qd 1
w,t+ ’
T4l Wigq

_ L ~
Q= \wp T A—{;} + BOLEY

EwQZ,t = (Ew — 1)9(31,15 )

10The aggregate demand for labor of type [ is given by L¢ (1) = f01 L.(j,1)dj. Using the fact that L+ (5,1) =
(We(l)/Wy)~cw Li(j), we have Ly (1) = (Wi (1) /We) ~€w fol L¢(5)dj = (Wi(l) /W)~ Cw Ly.

1A stated in the main text, unions do not internalize the potentially heterogeneous earnings incidence
when setting wages. Gaillard and Wangner (2022) and Gerke et al. (2023) show that a cyclical earnings in-
cidence may steepen the NKPC as unions provide insurance against cyclical inequality by limiting fluctua-
tions in aggregate hours worked.
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where 7}’ denotes wage inflation, w; = W;/P; is the real wage, w; is the optimal real
wage and A} is the wage distribution term.

C.1.5 Policy Authorities The fiscal authority redistributes tax revenues across house-
holds, while maintaining a balanced budget without resorting to debt issuance:

MNH + (1= NTP +7PDy + B REK, +7F F =0,
In addition, the monetary authority follows a simple Taylor rule of the form:

d)y 1_¢i

)

Ry =Ry, [R(m/m)" (Vi/Y)

where ¢, > 1, ¢, > 0and ¢; € [0,1).

Equilibrium Conditions: For completeness, we subsequently list all equilibrium con-
ditions denoted in real terms.

Households. The household conditions are as follows:
(CP)"7 =7,
Xp = Be S RIE] [sAiy + (1— 9N

Ry = RyEt[me41]

IS
Kin = (-0 +o (G5 ) it

Mo (Q—m)RF v g1 (1-6+@ lig1 ) g (Lin ) fin
i RO Ky Ki1) Kipg 7

IS
1=0® [ 2L

q\§ = BEF

(C?)_U:Az}tl7
h_ Wt rh h
Ct:@Lt—Tta

LY =L+x(Li—L).
Firms. The firm conditions are as follows:
ATY; = K (Le/AY ),

_ RF"(wR))

MCi=———""7—1,
Aa®(1—«)
« Wt )
RFKy = —— - RYL
(L TN

Dy =Yy(1—MCy).
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Government. The government conditions are as follows:
TP =T",

OZATth + (1 =NT7 +7PD, +TKRfKt+TFFt.

Price Setting. The price setting conditions are as follows:

X —€p
T i Qn
T+1 mitL]

”i(w e 7 li,k d
(1 t+1> (7 ;fk+1> ' ’
e, = (e, — 1)
pilr ot P o

1—¢
_ ﬂ-i(:rl : *x1l—e
1*971- +(1707T)7Tt Z)’

QF = A MCLY; + B0EP

Qd | =NV + BOLEP

s

X —€p
?‘“( H) T+ (= Op)m .

Uy

Wage Setting. The wage setting conditions are as follows:

w w —cw 1
O we cw(l+¢) ﬂ T4 L 80 Fw 7ri< wy ew(1+w)
Wt wy AY v Tl Witq

Y wy e g
Q
Jt+1
(thwZ‘H) Wi
Q" = (e — 1)
Ew w,t Ew w,t

1—¢
ﬂ.Xw w w* l—eqw
1=0 o +(1—0y)
w < 777{” > ( w) (wt ,

w 7-(;/(:“1 o w w;tk e
AP =0 | — A+ (1=0y) | — 7

Wy
m = ¢ -
Wi—1

n
Qw,t—&—l] ’

L ~
A(wi) Ew st 25 4 36, EY

Qf AP

w,t —

Aggregation and Policy. The aggregation and policy conditions are as follows:
Yi=Ci + I,
Cy=\CP + (1= N)C5
Ly =AMLY+ (1-NL3,
Li=(1-NI},
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Ki=(1-\NEK;,
At = (1= M)A7,

) 1-¢;
Ry =R | R (m/m)%" (Y;/Y)%] .

Log-linear Version: We now log-linearize the preceding set of equations around its
deterministic steady state, which, after tedious (but simple) algebra and manipulation
of equations, yields the following system:

—oC — N5 =0,
—a@h—X’Jzo,
Cr—ACP — (1= N)CF =0,
E?—thzo,

Li— AL} —(1—=NL§ =0,
Kiy1 — 6L, —(1-8)K; =0,
ﬁ—al?t—(l—a)ft:0,

Vi —5.Cr — (1= s.)[; =0,
RF4+ Ky — @y — Ly — R, =0,
MCy—aRF — (1— )@, — (1 — )Ry =0,
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C.2 Benchmark Parametrization

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

TABLE C.1. Parameters in the Benchmark US Economy

PARAMETER SYMBOL VALUE SOURCE/TARGET
Household Preferences
Discount factor B8 0.99 annual nominal interest rate of 4%
Inverse intertemporal elasticity o 1.00  logarithmic utility
Labor disutility 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  Kaplanetal. (2014)
Earnings incidence X 1.50  Match cov(MPC,Earning)
Expectation Formation
Cognitive discounting HH'’s bond DIS b 0.85 Gabaix (2020)
Cognitive discounting HH’s capital DIS [k 1.00  benchmark value
Cognitive discounting firm’s price setting p 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 @ 0.33  US capital income share
Working Capital
Loan interest rate elasticity P 1.00 benchmark value, Beaudry et al. (2024)
Investment
Depreciation ) 0.025  Christiano and Eichenbaum (1992)
Adjustment Costs n 2.000  benchmark value
Price and Wage Setting
Demand elasticity for intermediates €p 6.00  price markup of 20%
Demand elasticity for labor €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
Intermediary dividend tax rF 0.20  US federal corporate income tax
Systematic Monetary Policy
Interest rate smoothing i 0.00  benchmark value
Taylor rule inflation coefficient foze 1.50  benchmark value
Taylor rule output coefficient by 0.125  benchmark value
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C.3 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 C.1.

FIGURE C.1. Regions of Local Determinacy and Indeterminacy
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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 C.1 otherwise unchanged.

To begin with, let us consider the determinacy properties of the benchmark econ-
omy in Panel (a). Due to behavioral expectation formation in form of cognitive dis-
counting, 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)).

Moreover, in Panel (b) we show that the departure from rational expectations cru-
cially alters the (in)determinacy regions. Under rational expectations (i.e., pp = pp =
1y = 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, 2025), i.e., ¢ needs to be strictly positive.

In Panel (c) we plot the determinacy region under a larger elasticity of intertemporal
substitution (o = 0.33). Two observations stand out: on the one hand, the indetermi-
nacy region due to the cost channel of monetary policy disappears (or occurs at a much
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higher value for ¢, ); on the other hand, the behavioral expectation formation is not suf-
ficient anymore to ensure determinacy under an interest rate peg.

We also study the impact of two modeling choices related to the price and wage set-
ting mechanisms. First, we simultaneously eliminate the partial price and wage indexa-
tion (xp = xw = 0). As such, the determinacy region becomes much smaller. This is the
case since contemporaneous and forward-looking drivers of inflation gain 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
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,
the indeterminacy of the cost channel disappears as well (or occurs at a much higher
value for ¢).

Finally, we eliminate household heterogeneity by setting the hand-to-mouth share
to zero in Panel (f). In this case the determinacy region shrinks substantially.
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C.4 Impulse Response Functions

Under the benchmark calibration, the equilibrium is locally determinate. Figure C.2 re-
ports the impulse response functions (IRF’s) of the main variables of the model to a pos-

itive DIS shock.

FIGURE C.2. Impulse Response Functions to a 25-basis point DIS shock
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Note: Income and Consumption inequalities are measured respectively by y2 /y and ¢ /cH.

In addition, Figure C.3 shows the output-maximizing persistence as well as the com-
parative statics of the impact output multiplier under the three monetary regimes.

FIGURE C.3. Output Impact Multipliers and the p*
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Note: Impact multipliers are expressed in terms of % deviation from steady state fol-

lowing a 25-basis points DIS shock.
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C.5 Monte-Carlo Experiment

TABLE C.2. Support of Uniform Distributions

Parameter Lower Bound Upper Bound
Preferences

o Inverse intertemporal elasticity 0.30 3.00
©p Inverse Frisch elasticity 0.50 2.00
Heterogeneity

A fraction of hand-to-mouth households 0.01 0.40
s Idiosyncratic risk 0.95 1.00
X Earnings incidence 1.00 2.00
Taxation

T Capital income tax 0.00 0.35
7p  Dividend tax 0.00 0.35
7r  Intermediary dividend tax 0.00 0.35
Technology

n Investment/Capital elasticity 0.10 5.00
Price Setting

¢p  Demand elasticity for intermediates 4.00 8.00
€w  Demand elasticity for labor 4.00 8.00
Xp  Priceindexation 0.00 0.50
Xxw  Wage indexation 0.00 0.50
Op Calvo parameter price setting 0.60 0.70
0.,  Calvo parameter wage setting 0.70 0.80
Monetary Policy

b; Interest rate smoothing™* (when active) 0.00 0.85
¢r  Taylor rule inflation coefficient 1.00 3.00
¢y  Taylor rule output coefficient 0.00 0.25
Cognitive Discounting

us  Consumption-saving decision 0.80 1.00
wr  Price setting 0.80 1.00
tw  Wage setting 0.80 1.00

Note: * Not implemented in our benchmark experiment.
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APPENDIX D: Milder Working Capital Assumption

Following Christiano et al. (2005), Ravenna and Walsh (2006), Beaudry et al. (2024), our
benchmark model makes the working capital assumption which introduces a direct link
between interest rates and firms marginal costs, thereby steepening the NKPC. As shown
in Figures D.1 and D.2, weakening this assumption by considering that firms need to
repay Rﬁ’ Wi N and drawing uniformly from ¢ € [0, 1] does not fundamentally affect the
results.

FIGURE D.1. Monetary Regimes across Simulations (Drawing Working Capital)
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Note: The vertical dashed lines correspond to the average values of ¢ _, ¢,., and the empirical average of ¢
reported in the literature.

FIGURE D.2. Impact Multipliers across Population of Models (Drawing Working Capital)
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Note: Impact IRFs are expressed as percentage deviations from steady state. The nominal interest rate, infla-
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IQR is the interquartile range.
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APPENDIX E: List of Papers Estimating Persistence of DIS Shocks

This section lists the papers we used to obtain estimates of the persistence of the DIS
shock and the monetary policy parameter reported in Figure 4 of the paper. Some of
these papers consider variants of their model and report several estimates of these pa-
rameters. Our Figure therefore provides a population of estimated parameters corre-
sponding to a population of models.

1.
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APPENDIX F: Additional Results
F.1 Prevalence of the Intermediate Regime

The prevalence of the intermediate regime can be simply measured by the size of the
intermediate regime, A, = ¢, — ¢_=B(2—p)/ky, which depends fundamentally on the
discount factor, $, and the slope of the NKPC, «,, that is inversely related to the degree
of price stickiness.

COROLLARY 3. The size of the hump-shaped region, A, satisfies the following compara-
tive statics:

aAﬂ’ 776(2_5)
1. or, = Hz <0,
Oy
) 8A7r_2(1_ﬁ)@_6(2_6)% o
95 /‘632, .

The first part of Corollary 3 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 /8 and 0k, /08 = 0. Accordingly, the size of the intermediate region
increases with the discount factor. The Calvo (1983) case is slightly more intricate as the
slope of the NKPC depends, negatively, on the discount factor, reinforcing the expansion
of the intermediate regime.

Proof Corollary 3. To begin with, it follows from the regime thresholds of Proposition 3
that

_= -1 2 —1y_ B2-5)
Aﬂ-: W_Qﬂ—:(l—i_h:y )—(14—(1—5) K/y):T.
As aresult, we obtain
Oky
OA: B2 B) on, 20=Bmy—B2=P)58
=— >— <0, and = 5 .

8/@ /q,y aﬂ /<;y
In the case of Rotemberg pricing, we have %—%’ = 0. Contrary, in the case of Calvo pricing,
we obtain %iﬁy = —my%@ < 0 and the sign of %AB’T follows. O

F.2 Technology Shocks

Finally, we consider a version of the RANK model in which we replace the DIS-demand
shock with a technology shock

Ut = Bt [Yer1] — (it — By [me1] — 1), (E1)
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iy = BE¢ [me 1] + Kyt (E2)
it =7+ ¢rBEe[meta], (E3)
at = paat—1 +Eayt , (F4)
where y: = 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;41] 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 11. Under the Taylor principle, the impact multipliers of output, My(pa),
and inflation, M (p,) to a technology shock are given by:

_ Ky(¢r—1)pa o —ky(1—pa)
My(pa) = T=gp0=purry (5 —Dpa » 41 Ma(Pa) = Ty T=par T my (B —Tio °

(@) The output impact multiplier increases monotonically with p, .
(b) The inflation impact multiplier satisfies:

(b.]) Ifl<or <1+ ,%, M (pa) is U-shaped in p,, i.e.

Ky(dr — 1)

Jpr=1-— 5

such that M (pa) =0 for pa < p};.

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

The first statement of Proposition 11 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 (8 > 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.I 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.

Proof of Proposition 11. Subsequently, we provide derivations with a contemporaneous
Taylor rule that reacts to expected inflation, i.e., iy = 7 + ¢ E¢[m¢+1]. Using as a solution

44



guess yy = M\yat and m; = Mra, and using the fact that y; = y¢ — yi* = y+ — a¢, implying
My =1+ M,, the impact multiplier for output and inflation are given by

M, =1— (1—pa)(L = Bpa) _ Ky(dr —1)pa
Y (1_pa)(1_ﬁpa)+ﬁy(¢ﬂ_1)Pa (l_pa)(l_ﬁpa)“"“y((bﬂ_l)pa ’
M7r - _ (1 B pa>/fy

(1= pa)(1 = Bpa) + fiy(dpx —1)pa

To begin with, we show Statement (a). Defining the auxiliary variable x = (1 — pg)(1 —
Bpa) + ky(dx — 1)p, and taking the comparative statics with respect to the persistence
pe yields

Opa

x? :Hy(@r =1 [(1 = pa)(1 = Bpa) + ”y(@r —1)pa]

+ “y(¢w - 1)Pa [/8(1 - pa) =+ (1 - Bpa) - Hy(¢7r - 1)] .
Collecting terms and simplifying the previous expression we get

15)
2OM,

opn = Fu(on = 1) (1= 5p7) -

Recall that the equilibrium is locally determinate if ¢ > 1 such that we have

oM
2 y
>0 Vp,€10,1),
z apa pa [ )
which shows that the impact output multiplier monotically increases in p,.
To prove Statement (b), the derivative of M, with respect to p, yields

2 OMa

Bpa Ky (“y(@r -1) =B~ Pa)Q) :

As a result, the sign of the previous expression is determined by a second order polyno-
mial in p,, which admits as roots

’%y(ﬁbw - 1)
B

P =14

Evidently, o/~ > 1 holds by the determinacy condition, i.e., the only feasible candidate
onp, €1[0,1)1s

- Ky (¢r — 1)
f=p =1-— Y .
Pa = Pa 3

Note that p}; € (0,1) if 0 < ry (¢, — 1) < 3, which is equivalent to 1 < ¢ < ¢,., where

aﬂzl—l—ﬁ.
Ky
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Since ky (¢ — 1) — B(1— p,)? is a strictly concave function in p,, statement (b.1) of Propo-
sition 11 follows.
To show statement (b.2), recall that

sen (G ) =sgn (s, (0 — 1) 81— )

a

Evaluating the previous expression at ¢ = ¢, yields

OM.: )
sen (59 )15, =51~ (1= pu)?) 20,

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 values k(¢ — 1) > 3, identically ¢ > ¢,.. [

F.3 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 12 and refer
to the quantitative section of the paper for a discussion of the driving forces at play in
generating these result.

PROPOSITION 12. The following statements apply.

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

(b) Household Heterogeneity: counter-cyclical (respectively, pro-cyclical) income risk
increases (respectively, decreases) ¢_, ¢,., and p*. Moreover, in a THANK economy,
counter-cyclical (respectively, pro-cyclical) income inequality decreases (respectively,
increases) gw, 5,7, and p* if \ + s > 1, where \ is the share of hand-to-mouth house-
holds 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 ¢ _, ¢,., and p*.

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

while it increases ¢.. and p* if1 > 12@{% i—f;, i.e., prices are sufficiently flexible.

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

(f) Long-Run Interest Rate: a higher steady state real interest rate decreases (respec-
tively, increases) ¢_, s and p* if (5 + (rky — Br > (By — ke )¢y (respectively, Cy +
Crby — 5f < (ﬂf - "{T)Cr)-
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Proof Proposition 12

PROOF. Subsequently, we prove all statements in the corresponding order. To do so, we
make use of an auxiliary Lemma, which pertains to a New Keynesian model with a cost
channel of monetary policy and the following equilibrium dynamics:

yt = CrEe [yer1] — G (00 — By [mep1] = 7) + G
mt = BB [me1] + wyye + ke (it — By [me1] = T) — k&
it =T+ Qnmy + Gyt ,

§t=p&—1+egy-

This representation introduces a cost channel of monetary policy into the NKPC that
links inflation to the real interest rate, with corresponding elasticity «, > 0. 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 subsequent results.

LEMMA 3. Consider a forward-looking and upward-sloping NKPC, i.e., 3¢ > 0 and k., >
0. Moreover, suppose min{By¢, (,ky} > k,.'? There exist two cut-off values, ¢_and ¢, of
the Central Bank’s degree of reaction to the inflation gap

g — n—1 _ 2 (Bf—rr)Cy -9 _ 51 (Bf—rr)Cy
02 =67 (1+0-8y) ﬁfcrnw(cf—ﬁf)m) and G =p;" (1+ ﬁfcrnw(cf—ﬁf)m) ’
with ¢,. > ¢_ > 1 such that the impact multiplier of output satisfies:
@ Ifor < Qw, My, increases monotically in p.

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

k — 5 CT‘ 1 + C _ﬂ T / . *
3 _5f1<1\/<¢wﬁf1> ! f};f_(;;)gf)” ) such that Mi,(p) Z0ifp < p".

©) Ifgr > ¢_, My decreases monotically in p.

The proofis omitted, but follows the same logic as in our benchmark economy.

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

Cf:]-v C’I’:Uila 5f257 “y:’f(U"‘Z)a and r,=0.

12The previous assumption is known as Patmann condition; for a discussion, see Beaudry et al. (2024).
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In this case, we can define = = g— such that we have

$r

BH(1+(1-p)2E), ¢,=B"1(1+E), and p*=p""! (1_ (¢ﬂg_1)5—1)'

The first part of Statement (a) follows immediately from g; i Q;y)g £ f+g‘ > 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
p+a

B B B L , B
B+ (0" =1, Br=p, %y—&<1+1_a>7 and k=0,

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

Cr=

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

@ﬂ:ﬁ—l(u(l—ﬁ)?E), ¢.=p"1(14+E), and p*=p"" (1— (¢7r,3—1)5—1>.

The second part of Statement (a) follows from ,(0) y" <O0.

1 B
ry (B+u/(0)y™)?
Statement (b). Following Section 2 in Bilbiie (2025) the tractable HANK economy based
on a spender-saver dichotomy with cyclical income inequality is characterized by

Cf:1+(X 1)1 >\X’ C’f“zéll—_/\Axa Br=28, Hy:K(U+SD+a>; and r,=0,

where the measure of cyclical inequality, y, is given by x = 1+ ¢(1 — %). In this case, we

can define = = Cf—f;y such that we have

¢, =B (1+(1-H8), ¢=p""(1+5), and p'=p"" (1— (%/3—1)51)-

The following comparative statics apply

0= ocl—s—\

OX Ry 1-X
0= o 1l—x

a_ﬁyl—)\’
x
oA

)

92 o I=x)s+(1-=MN(1-A-s)

ﬁszy (1-))2

As aresult, Qw, Eﬂ, and p* decrease in y if s + A > 1, and decrease in s if y > 1. Moreover,
they decrease in A if (1 — x)s+ (1 —A\)(1— X — s)% < 0, which is satisfied if cyclical
inequality if sufficiently countercyclical, i.e., x large enough. Regarding cyclical income
risk, we follow Bilbiie (2025) 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
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state of the economy, i.e., s(Y;). In this case, one arrives at the following representation

_ 1 1-5 Fo_ 1 1 1=\ = _ _ 11—\
G=rs 1+ o-DEE] . G=rhidR dm e 1= 0-TT)I-i AR

s . L ) .
where I' = &7 is a measure of steady state consumption inequality. Notice that 8¢, sy,
and x, take the same values as before. It is stralghtforward to see that pro- or counter-

cyclical risk, i.e., n # 0 leaves gf unchanged, i.e., gf = Cf . As a result, the comparative
statics of ¢_, ¢,., 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

5 . . 3 : Y
Cf:1+(X—1)11_)\S +1, CTZ%II—)\A)(’ S:m’ :iy—s(l_r )(1_8)%11;\)('

Finally, defining = = Ccf we arrive at the following comparative statics
rky

= 1 1 1—x
— = s, Y (7 +o -7
s Ky (s+(1_3)ra)2 y¥( ) 11—\
= 1 Y
= 1-T79)(1—
Osy nylfs( ) 9)
y ox
o= U(l—x)s+(1—>\)(1—)\— )8)\

a:ny (1—-N)?

from where the results in the proposition follow. Notice that the PRANK economy of

Acharya and Dogra (2020) leads to ; = 1 — $(£z1)2 97 (y*) such that the comparative
statics are qualitatively similar to the ones w1th respect to sy when s depends on the
future aggregate state, i.e., procyclical risk reduces ¢ rand E.

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

1—p60
(s=m  and Bf:m<9+1—660m(1_9)> .

Notice that we have

98,
om0 and Sog 1— 30m 0(1 — Bom) + (

o8;m . Bom (1 80)(1—0)
=1 L —p ="

; == _5f h 0= _ _1
In this case, we can define = = iy with 5= = e

¢ =87 (1+(1=8p)%E), 6,=6;"(1+5), and p*=5;"(1-/(¢«B; —D=T) .
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From there, we obtain

09 _ oB _ E
= = B2 (1+ (1 - B7)%E) — 287 (1 Bp)E] L + 87 (1 - 8=
_[_g=2_og-1(1 _ g,=] 2P a2 Ef 98 m
—[-7% - 25 8p)2) Gk 4 5710 5y [1- G ﬁf]

<0.

Moreover, we have

99x _ _ 9B¢ E_ 529 paEf 0B
am Bf (1+ ) +/8f — ﬁf +Bf { o By <0
Finally, we show that
ap* 0 B! 1 0
= {ﬁf <1—[<¢ﬂﬁf—1)5*1]2)—%[(asﬂﬁf—l)zﬂ Zmzl}(fmf
6‘ 1 21
[((:ZS‘IT/Bf - 1)5 ] ? (¢7r5f - 1)
_ ——11%) 98 5 —11"% o OBy oxBy—1
:7ﬁf2 <17 [((ﬁwﬁf*l): 1] )ainffL [((bﬂ/))f*l): } = ! |:¢7r67mf ;L
<0,

where the last inequality follows by the observation that

aﬁf qj)frﬁf_l +¢7r/8f [8ﬁfm :|>0.

1
™ om m  om m |omB;
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
Cf:(lﬁLlp%pl ,f_(i_1¢p)%) , CGr=1, ﬂf:ﬂCf, Ny:Eﬁf<l+%), and «,.=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 = = ,% such that we have

o =B (1+(1=8)°E), ¢=8;'(1+5), and p"=p5;" (1— (%ﬁf—l)E—l).

Notice that the following auxiliary results apply:

aﬁ_c 1—5(1—2?)2 %_5%
Op fcl+c,0 1-p? op T op’
om0 oy e 1 g
op VT80 p T Op  ry(L- BOCs) Op
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Using the previous auxiliary results, we obtain

a¢ 20 -1 - Cf 2 1 8<f
8p [ ﬁf (1+(1—ﬂf) u)—Qﬁf (l—ﬁf)a}ﬁ +Bf (1-p5y) m%
0 0 10
- [872 —257 0= )] 8L + 87 - P G
_ a—2,0C [1-=0f 0By T 1-=pPf0C
=—F B(?p+|: B, 1-05; 2} ry 0D
>0,

where the terminal strict inequality holds as 6(1 4 3;) <2 duetof# <1and 3; < g < 1.
In a similar vein, we obtain for the upper regime threshold

95ﬂA,4, 9 Cf Agggéhgg—fégi
R AL i e v

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

s 5171{ 1 _59‘]‘%‘
Op  ky [1-B0C; By ] Op

8571‘ _ 2
=7t

d¢s 5? 08; ¢y

2 —_
ﬂf ﬁ@p ky 1—p0Cs Op
Finally, the former expression can be simplified to
Obn _ o106 [B 1 05s ] 1 oG [1 S 95y ]
op Fop By kyl—pBOCs By Op Ky 1— 08¢

As a result, we obtain that a¢>7, =0if1 z if T egg To conclude the proof of statement

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

- 1-3% Cf = 5 Ky
ap* 1,00 Bf Ky | 2 Ky OCy op p
s kol (TR I P VTSRS :
gt BT T kG ky 0G
N e (e T IRt R TR e T e

Ky
dp 2 Cr - 08¢ (s ) ¢ Op

ac; Br' T 172 1) ky 0

—1) 08¢ }“yacf
¢F op

= —B; Bt ?y ¢xBy — (¢xBr — 1)
—1 . __%
or BL (6nBy — 1)

op 2 C? op

=878

O 1-3 0
—ﬁf_lp*ﬂﬁ_L (d)ﬂﬂf—l)ﬁ {¢wﬁ_(¢wﬁf_ 1) . }Ky Cf

op 2 r



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 >

0Bs S
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

G = 2t
ot+e’ T otep

) ﬂfzﬁa /fy:/€<1+>, and ke >0,

¢ = 1—

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

of debt. Notice that «, does not depend on ¢,. In this case, we can define Z =
(ﬁf_ﬁr)gf

B Gy T(Cr B such that we have

o =B (1+(1—=B)E), ¢,=8;'(1+5), and p"=p5;" (1— (qzbﬂﬂf—l)E—l).

Notice that we have

% _

Oep o+ep

oG 1

aep_ o+ep

¢t and

G

As such, we obtain

9¢ ac, ¢
9= _ s _KT)C’TGZ-; [BrGrry + (G = Bp)we] = (Br = )5 |Brry : +3T~£
Ocp [BpComy + (G — By )in]”
0 ¢,
agf [Cr"fy KT] C Cfl'iy

= (By —rr)B
d d [ﬂfCr“y (Cf_ﬁf)ﬁr]z

Substituting in the expression for g—gﬁ and g—g, we finally obtain

aj _ (By — kr)By Crhr >0
8€p o+é€p [ﬁf@-l@y + ((f — ﬁf)l%r]Q N

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

)

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

1 1y g1

— g — — — = P — = s

Cf_o'+€p7 Cr—o’—‘—ep’ ﬁf_ﬁv Ry =K LE?EI‘H 3 and Ky =R lm+g1+1 5
a P b a P b 1+m

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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price inflation. Notice that & = w > 0 does not depend on the nominal interest
(Bf _"ir)Cf

ry+(Cr—Bf)rr such that we have

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

%zﬁ;l (14 (1-py)%3F) , fi?w:ﬁfl(lJrE), and p*:ﬂ;l (1 (‘f)wﬂfl)E_l).

Subsequently, we define r

:1

g W BW
Ory _ —E—%F and 2 :E—%?
or W B or 1w g
{+b} LP+6}

As aresult, we obtain

5]
o= _ _Cf 8 = [BfCrky + (Cp = By)rr] — (Bf — kr)Cy {51047”;;/ +(¢r — 5f)
or [/BfCT’fy + (Cf - Bf)’fr]z

o0
—Cfa [BfCrry + (Cf—5f)f<6r+(5f—f<ér)(Cf—ﬁf)]—(ﬂf—f<&r)é]fﬂfCrai
[BCriy + (Cf — ﬁf)ﬂr]2

Ok, }

0
_Cfa [5Gy + 81 (Cr = B)] = (Bg = m)s By gt
[Briy + (Gp = Bp)ra]”

[Cry + (Cr = Bf)] + (B — er)Cr—ry

[B7Crky + (¢ — By)hir)”
I%ﬁW
CrBy ab P
=— Criiy +Cp = By — (B — K0 )Gr -
[ﬁfww(cf—ﬁfmf[W]yfr]?{ )
a

0K,
— (B Or

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