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Abstract

Under exogenous price stickiness, the divine coincidence suggests that the Central Bank
can focus on inflation stabilization to maximize welfare. We show that endogenous price
stickiness upsets this result. The pursuit of price stability may, in fact, increase price stickiness,
flatten the Phillips curve, increase the distortions due to sticky prices, and lead to a welfare loss.
Welfare can be improved if the Central Bank stabilizes the output gap directly (dual mandate).
Our argument does not rely on markup shocks or nominal wage rigidities. Instead, the key to
these insights is the consideration of a strategic microfoundation for price stickiness.
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1 Introduction

The design of the central bank is a fundamental topic in monetary policy, but there remains signifi-
cant disagreement over what that mandate should be. In the European Union, the European Central
Bank (ECB) operates under a single mandate focused solely on price stability.! In contrast, the
Federal Reserve of the United States follows a dual mandate to stabilize both prices and output.”
At first glance, the distinction between these mandates may seem to be of little consequence, par-
ticularly if the stabilization of prices and output naturally go hand in hand, a phenomenon often
referred to as the “divine coincidence” (Blanchard and Gali, 2007).

However, we argue that the logic behind this divine coincidence is misleading under realis-
tic characterizations of the dynamics of inflation. In fact, price stability can exacerbate output
volatility by increasing price stickiness. Specifically, our analysis shows how central bank policies
aimed at stabilizing prices can increase the stickiness of prices, flatten the Phillips curve, and create
welfare losses. These findings suggest that a dual mandate, which seeks to stabilize both prices
and output, may be more effective in promoting economic stability than a singular focus on price
stability.

We use a microfounded model of firms’ pricing decisions to show that the stickiness of prices
can be affected by monetary policy. Our model captures a realistic interaction between firms and
consumers: firms are concerned about consumer reactions to price changes, particularly because
consumers have less information than firms. Consumers, wary of being misled or exploited, re-
spond strategically to price adjustments. We use standard game theory tools to analyze this inter-
action. In this setting, firms find it optimal to keep prices sticky when information asymmetry is
severe. A key distinction of our approach is that we do not impose exogenous pricing frictions, as
in the Calvo, Rotemberg, or menu cost models. Instead, we derive price stickiness as an endoge-
nous outcome of strategic firm behavior. Our model microfounds the reasons for the stickiness.
This approach allows us to examine the long-term effects of monetary policy on price rigidity and

inflation dynamics.

YTreaty on the Functioning of the European Union, Article 127(1), Extracted from the Official Journal of the
European Union, 26.10.2012.
2Federal Reserve Reform Act of 1977, §2A.



In this context, the divine coincidence fails badly and in a unique way not currently considered
in the literature. Reducing price volatility may increase the volatility of output, and so, surprisingly,
the pursuit of price stabilization can actually decrease welfare, contrary to standard analyses in
which price stickiness is exogenous (Woodford, 2003; Gali, 2015). Our results indicate that a dual
central bank mandate with both price and output stabilization is desirable.

Our analysis identifies two key reasons why the divine coincidence fails under endogenous
price stickiness.

First, with endogenous price stickiness, a more aggressive monetary policy pursuing price
stability leads to stickier prices. As prices become stickier and the Phillips curve flatter, the central
bank needs to increase the intensity to which it reacts to the price level even more in order to
achieve the same amount of stabilization. This feedback loop converges to a point where the price
level may not react at all to movements in the output gap. In other words, the Phillips curve can
become very, or completely, flat.> At this point, the central bank loses an essential signal from the
price system. Hence, the inflation-targeting central bank is unable to close the output gaps.

Second, the the traditional failure of the divine coincidence occurs when closing an inflation
gap does not necessarily close an output gap. However, we show an even stronger failure is pos-
sible: targeting price stability can actually widen the output gap. If the central bank intensifies its
focus on stabilizing prices, firms may respond by making prices even stickier. In this case, output
gaps may become more volatile or persistent, as price setters no longer adjust prices in response
to fluctuations in demand. Not only will the central bank fail to close output gaps, but output gaps
can become even more pronounced due to the increased stickiness. The price level might become
stable, not because the output gap has been closed, but because price stickiness with respect to
aggregate demand shocks has increased to a point where price setters no longer react to output gap
fluctuations.

Our findings challenge the conventional wisdom that price stability should be the central bank’s

primary objective. To understand how our results fit in the literature analyzing optimal monetary

3In our model the slope of the Phillips curve is a nonlinear function of the size of demand shocks, for given
parameters of the interest rate rule. Hence, a related prediction is that for a given amount of stabilization (quantified
by parameters of the interest rate rule), larger demand shocks lead to a steeper Phillips curve.



policy, it is useful to contrast them with an old and influential idea by Knut Wicksell. Following
Wicksell (1898), business cycle stabilization can be aided by a central bank that uses the price
level (or inflation) as a guide for setting interest rate policy. When the economy is running too hot,
prices rise. This signals to the central bank that the interest rate should be increased. When the
economy is running too cold, prices fall. This signals to the central bank that the nominal interest
rate should be decreased. When the economy reaches equilibrium, the price level is stable, and the
Central Bank should keep the interest rate unchanged, since it must be at its “natural” rate (also
called the Wicksellian rate of interest).

While this analysis is elegant and intuitive, our model suggests that it is quite misleading when
price stickiness is endogenous to monetary policy. If the central bank prioritizes price stability too
aggressively, the price level may become stable not because the economy has reached a Wicksellian
equilibrium, but because firms are choosing not to adjust prices at all. Indeed, in the model, prices
can be sufficiently sticky with respect to demand shocks that the Phillips curve can flatten entirely,
making the price level entirely unresponsive to the output gap. However, prices can still vary with
respect to other shocks, such as cost-push shocks or idiosyncratic shocks, as explained in detail
below. In this case, price stability no longer provides a reliable signal for setting interest rates. As
a result, the Wicksellian rate may not be achievable through Wicksell’s proposed mechanism, and
long-lasting output gaps can persist even when inflation appears stable.

This insight has significant policy implications. If price stability reduces the informativeness of
the price system, a strict inflation-targeting regime may undermine its own effectiveness. Instead,
we argue that central banks should adopt a dual mandate that explicitly considers both inflation
and output stabilization.

It is worthwhile to highlight the following methodological aspect of our approach to the prob-
lem of optimal monetary policy. It strikes us as crucial to work with a microfounded model of
nominal rigidities themselves to properly evaluate the implications of different long-term mone-
tary policy postures. Indeed, such postures are adopted for long periods of times (more than one
decade, at least), and hence one can reasonably expect that they can impact the way nominal rigidi-

ties arise in the economy. With these issues in mind, nominal rigidities can no longer be thought



as an ‘institutional’ feature of the economy when considering the posture of monetary policy. The
Calvo model of price rigidities, for example, would lead to misleading answers about the effects
of alternative monetary policy postures, despite firms being forward looking and the size of price
adjustments being endogenous. Indeed, the frequency at which prices are adjusted is exogenously
fixed and does not respond to policy. Similarly, a menu cost model would lead to misleading
answers, as well. There, the timing and size of price changes is endogenous, but the cost that de-
termines these choices is itself fixed. In our environment, the size, timing, and cost of adjustments
are all endogenous and respond to policy. In our model, the strategic friction is modeled as part
of the environment, not as restrictions on the decision program of firms. As this paper shows, this

modeling strategy brings new insights in terms of the long-term posture of the central bank.

Motivating Empirical Literature

This paper echoes a growing body of evidence that, throughout the developed world, the Phillips
curve has become flatter (see Simon et al. (2013), Del Negro et al. (2020), among others). Paral-
lel influential work asks why inflation did not fall by more during the Great Recession (Coibion
and Gorodnichenko, 2015; Ball and Mazumder, 2011). Several factors have been considered to
explain (or reinterpret) these phenomena, as inflation expectations (Jorgensen and Lansing, 2019),
online retail (Cavallo, 2018), or globalization (Forbes, 2019). See L’Huillier and Schoenle (2024)
for related evidence of the link between the frequency of price adjustment and the inflation tar-
get. Our argument suggests that monetary policy itself may have contributed to the flattening of
the Phillips curve, and suggests that the central bank should follow a dual mandate, rather than
focusing entirely on price stabilization.

Del Negro et al. (2020) consider a broad range of potential causes for the observed decline in
the cyclical correlation between inflation and activity, and find overwhelming evidence in favor of a
flatter Phillips curve since the 1990s. More recently, the important paper by Hazell, Herrefio, Naka-
mura, and Steinsson (2022) uses cross-sectional data to provide evidence of a fairly flat Phillips
Curve, though only a modest flattening in recent decades. McLeay and Tenreyro (2020) show

that, away from the zero lower bound, the combination of cost-push and demand shocks lead to



difficulties with identification of the slope of the Phillips curve. While empirical studies document
Phillips curve flattening, the degree and causes remain debated. Our model offers a mechanism
that aligns with both cross-sectional and macro-level evidence.

The previous work above has been motivated by the NK paradigm. Instead, we concentrate on
a model where the amount of stickiness is microfounded, and therefore long-run policy expecta-
tions affect the slope of the Phillips curve and long-run inflation expectations jointly. (In the NK
model, there is no interaction between the slope and long-run inflation expectations.) NK models
posit a Calvo parameter governing price stickiness that is exogenously given and constant. How-
ever, in contradiction of this assumption, evidence suggests that this parameter may vary over time
(Fernandez-Villaverde and Rubio-Ramirez (2007); Smets and Wouters (2007)) and may be statisti-
cally related to characteristics of the inflation process (Nakamura and Steinsson (2008); Nakamura
et al. (2018)). This variation in the Calvo parameter would affect the slope of the Phillips curve in
the NK model.

There is ample empirical evidence that the slope of the Phillips Curve responds to the economic
environment. A burgeoning literature explores nonlinearities. We distinguish ourselves by the
welfare analysis of central bank postures. Gitti (2024) and Gitti and Cerrato (2022) analyze U.S.
metropolitan areas and find that the PC’s slope more than tripled post-pandemic. Complementing
this, Benigno and Eggertsson (2023) introduced a nonlinear New Keynesian PC model. In parallel
important work, Blanco et al. (2024a,b) and Karadi et al. (2024) also explore nonlinear inflation
dynamics in the presence of large shocks. See also Cavallo et al. (2024). Our story that the
aggressiveness of monetary policy affects the slope of the Phillips curve is consistent with this

evidence.

Related Theoretical Literature

There is a robust literature highlighting the presence, and failures, of the divine coincidence. The
literature has highlighted several ways to break the divine coincidence. Our mechanism is distinct
from those in the existing literature.

The most common strategy to break the divine coincidence is to introduce a cost-push (markup)



shock, which creates a negative output gap and positive inflation. Alves (2014) shows that the di-
vine coincidence only holds around zero inflation: if there is trend inflation, the divine coincidence
fails because trend inflation endogenously acts like a cost-push shock. Another strand of the lit-
erature introduces additional wage or financial frictions or rigidities, as in Blanchard and Gali
(2007) and Curdia and Woodford (2016). Another strand shows that with heterogeneous agents,
decreasing inflation may not help all agents, e.g., Gornemann et al. (2016), Kaplan et al. (2018),
and Auclert (2019). Limited attention and information constraints disrupt the divine coincidence
by causing firms to adjust prices selectively and asymmetrically, making it harder for monetary
policy to achieve both inflation and output stability simultaneously, see e.g., Woodford (2009),
Mackowiak and Wiederholt (2009), and Mackowiak et al. (2021).

Our model highlights a novel and unique channel with distinct policy implications. In our
setting, the problem is that price stickiness itself changes, and that should lead a central bank to put
a larger weight on output gaps directly. In our paper, the divine coincidence fails because closing
one gap changes the relationship between the gaps, and there is a critical asymmetry: prices are the
things that firms are inclined to hold sticky, so the inflation gap is more likely to stop moving even
as output keeps moving. Our novel result is not that targeting one gap affects the behavior of the
other, but rather that responding to shocks asymmetrically weakens the price signal. We believe
our novel mechanism is empirically relevant because the PC has been historically so flat.

We are not the first paper to consider how monetary policy affects the Phillips Curve or
should operate in light of informational frictions. There is a long literature studying the opti-
mality of inflation-targeting, Taylor, and Wicksellian monetary policy rules, including Svensson
(1999, 2003); Giannoni and Woodford (2004); Boivin and Giannoni (2006); Reis (2013); Gian-
noni (2014). Benigno and Ricci (2011) shows that downward nominal wage rigidities produce
nonlinear Phillips Curves that flatten at low inflation.

A recent number of papers argues that fairness concerns and other behavioral features con-
stitute bases for price rigidity (Rotemberg, 2005, 2011; Eyster et al., 2021). Our line of work
provides a theoretical foundation for this type of rigidity in a model with standard assumptions on

agents’ rationality and preferences. In our model, firms behave strategically when setting prices,



considering how consumers may perceive a posted price. The key insight is that the degree of
information among consumer may limit price adjustment, when firms are strategic and may be
tempted to stimulate demand.

In related strategic models, L'Huillier (2020) shows that this model delivers hump-shaped dy-
namic responses of both output and inflation, even in the absence of bells and whistles. Thus,
these models also deliver realistic predictions for the propagation of shocks. L’Huillier and Zame
(2022) show that the price stickiness result is robust to the consideration of optimal mechanisms
and contract setting. L.'Huillier and Phelan (2024) show that these models deliver shock-dependent
price stickiness, such that the Phillips Curve can be very flat while supply shocks create meaning-
ful inflation, matching empirical data. A technical contribution of our paper is to show how to add
a central bank to this setup.

There is a robust literature studying inattentive economies. Ball, Mankiw, and Reis (2005) con-
sider a behavioral model in which price setters are slow to incorporate macroeconomic information
into the prices they set, and they show that the optimal monetary policy is price level targeting.
Acharya (2017) considers a sticky information model in which the endogenous decision of when
to acquire new information about different shocks leads prices to change frequently and by large
amounts in response to idiosyncratic shocks but sluggishly to monetary shocks. In a closely related
exercise, Afrouzi and Yang (2021) study an economy with dynamic rational inattention. They find
that more hawkish monetary policy flattens the Phillips curve, and a more dovish monetary policy
flattens it in the short run but leads to a steeper Phillips curve in the long run. In contrast, our
results are about how hawkish or dovish policy affects firms’ strategic decision to set sticky prices

given that they are informed rather than firms’ incentive to acquire information.

Organization. The remainder of the paper is organized as follows. Section 2 presents the model,
in which price stickiness is driven by informational asymmetries, which illustrates how the degree
of price stickiness can be influenced by policy. Section 3 explores the failure of the divine coinci-
dence and its welfare implications. Section 4 considers policy implementation with single and dual
mandate regimes, and also makes an effort to quantify all these mechanisms. Section 5 concludes.

The Appendix provides proofs and additional materials, including a general-equilibrium extension



of our model that formalizes some of the assumed features of the baseline model.

2 Strategically Sticky Prices

We present a model in which price stickiness arises from the strategic behavior of firms reacting
to an informational asymmetry between firms and consumers. We show how monetary policy
influences price stickiness, and hence, the slope of the Phillips curve. For ease of exposition, we
offer a two-period, partial-equilibrium model. The same points could be made in a much more

complicated infinite-horizon, general-equilibrium model (see Appendix B).

2.1 Environment

There are two dates, the present and the future, which we interpret as the short run and the long run.
In the short run, there is production and trading in goods markets will be subject to frictions; in the
long run, agents have exogenous endowments and trading will be frictionless. All that follows is

common knowledge.

Setup: Geography, Agents and Markets. The economy is populated by firms, consumers, and
a central bank (CB). At each date, firms and consumers trade in a market for a single good. Short-
run markets are decentralized; we formalize this by positing a continuum of islands, each served
by a single monopolistic firm and populated by a continuum of consumers. Long-run markets are
centralized: all consumers trade endowments in a Walrasian, perfectly-competitive market. We
denote decentralized-market variables in lowercase and centralized-market variables in uppercase.
Thus, the good in the present is ¢ and its price is p; the good in the future is C and its price is
P. We normalize the long-run price to P = 1. There is a short-run bond market with nominal
interest rate i. We posit a cashless economy in which the central bank sets the nominal interest rate
i. (Appendix B presents an equivalent model with monetary frictions where the CB sets money

supply.) In this partial-equilibrium setup, there is no labor supply.



Aggregate Risk. In the present, there is uncertainty about the aggregate state s, which we model
as a shock to consumers’ discount rate, denoted by p;, capturing fluctuations in aggregate demand
pressure. This modeling device is meant as a proxy for the many possible reasons that “the present”
would, all else equal, be a good or bad time for consumers to spend. For simplicity we assume there
are only two possible states, low L, and high H, that occur with equal probability. The aggregate
state describes the level of demand in the present. Hence, demand in the present will be high when
consumers’ discount rate is high (i.e., pr < PH).

The central bank responds to the aggregate state s by setting the nominal interest rate i; follow-

ing a Taylor rule that adjusts to deviations in inflation and the output gap:
log(1+i{"") = log(1 +io) + ¢z (/s — o) + ¢x (¥ — o) (D

where p; is the aggregate price level (inflation), X is aggregate output, i is a base interest rate, and
¢ and ¢, are the Taylor coefficients and py and Xy are base measures of prices and output; hence
Ps — Po 1s the deviation of inflation from baseline and X — X is the output gap. In equilibrium this
means the CB will endogenously set i;, < iy in response to the endogenous levels of inflation and
the output gap.

We could also model the nominal demand shock as a shock to the future price level, or, equiva-
lently, as a shock to money supply that implies a proportional adjustment of prices in the long run,
see L'Huillier (2020). We prefer the current formulation in terms of shocks to future marginal util-

ity in order to allow for a standard specification of monetary policy in the quantitative application.

Islands: Consumer Types and Firms. Each island is populated by a continuum of consumers
of total mass one and a single monopolistic firm. There are two types of consumers: Insiders
(informed consumers) t € I and Outsiders (uninformed consumers) o € O. Insiders are perfectly
informed about the state; Outsiders are uninformed about the state but know the probability distri-
bution, and may draw inferences from the price set by the firm with which they trade. The fraction
o € [0,1) of Insiders on a particular island varies across islands. We assume the distribution of o

is given by a cdf F whose support is not a singleton and has the property that limg_,; F (o) = 1.
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That is, the fraction of islands on which all consumers are Insiders is 0.

Each island is inhabited by a single monopolistic firm; for simplicity we assume that firms
produce the consumption good at zero cost, an assumption we relax in Appendices B and C. All
firms know the true state and the fraction of Insiders on their island; firms can condition the price
they set on the true state. The assumption that Insiders and firms know the true state is just a

convenient abstraction of the idea that they are better informed than Outsiders.

Consumer Problem. We index a typical consumer by j. To simplify notation, we drop state-
subscripts when not absolutely necessary. Consumers have a real endowment E in the future and
receive firm profits d in the present.

All consumers have the same quasilinear utility function U(c,C) = (c —¢?/2) + BOC, where
B is a constant satisfying 0 < B < 1, and 6 is a random variable embodying the discount factor
shock. Equivalently, one can think about 6 as shocks to future marginal utility, an interpretation
convenient for preserving imperfect information in the short run. The shock 6 is meant as a proxy
for the many possible reasons that the present would, all else equal, be a “good” or “bad time”
for consumers to spend, e.g., strong labor markets, rosy expectations of income growth, etc.*
Outsiders are uncertain about the value of their future nominal marginal utility. This potentially
unknown shock to future preferences captures uncertainty about future demand in a similar way
that preference shocks in Diamond and Dybvig (1983) capture unforeseen liquidity needs.

Consumer j solves

Hcl%X E;[(c —c*/2)+B6C]

s.t. pc+QC =d+ QF,

where ;| - | is consumer j’s expectation operator at the present (conditioned on information avail-

able to that consumer), p is the nominal price the consumer faces in the short run for goods, and

4We do not take the shock literally, but rather suppose that it captures the various economic mechanisms that
would make nominal consumption relatively attractive in the present relative to the future. Quadratic utility is needed
for analytical tractability since it generates linear demand functions. We can derive qualitatively similar results with
general utility functions.
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0= 1%1 is the nominal price for bonds. The natural rate of interest p is defined implicitly by the

equation B0 = ﬁ.S

Consumer j’s optimal short-run demand will be:

e R

N

where
1 _ B 6 L+
& Oy 1+ps

is the ratio of the consumers’ and the market discount rates. Note that when & is high, demand in

the present is high, and thus & acts as a demand shifter. Hence, E; [gi] is the net demand shock

determining whether demand in the present is strong or weak. In the absence of any additional

information

where

is the harmonic mean of &;, &y.

2.2 Equilibrium Short-Run Prices

In this section we take a partial-equilibrium approach to solving for equilibrium where we take the
nominal interest rates iz, iy as given, and thus the demand shifters &, &y are exogenous. We relax
this assumption below when we endogenize monetary policy.

Because each firm is a monopolist on its island, each firm sets the price for the consumption

3In order to substantiate the assumption that some consumers may have imperfect information about their future
marginal utility (equivalently, the aggregate discount factor), Appendix D.1 offers a more involved model where all
consumers perfectly know their future marginal utility (or discount factor), but they are subject to a signal extraction
problem with aggregate and idiosyncratic shocks. Both models lead to the same conclusions. In addition, Appendix
D.2 offers a microfoundation of our future marginal utility shock based on shocks to future endowments, which then
affect the realization of future marginal utility. In that case, one can interpret this shock as mimicking imperfect
information about future income, similar to the work by Lorenzoni (2009).
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good. If firms faced no strategic concerns, they would simply set the optimal monopoly price given
perfect information. It is easy to check that the perfect information monopoly (nominal) price and
the resulting demand and (nominal) profit are

Ds = %7 xs(ps) = %a ds(ps) = %
We abuse language and refer to the price schedule { p;} as the flexible price.

For each state s, the price p; maximizes the firm’s profit in state s, so the flexible price is
optimal among all price schedules when information is perfect. However, if information is not
perfect and consumers and firms behave strategically, this is not the only consideration; we must
also ask whether the flexible price is consistent with equilibrium in the implicit game between the
firm and the consumers. The question is whether adherence to the flexible price is optimal for the
firm. For example: would the firm prefer to charge the price py even when the true state is L? It is
possible that the firm will be tempted to charge py instead of py to extract more rents, especially
if many consumers are Outsiders. In this context, the appropriate notion of equilibrium is Perfect
Bayesian Equilibrium (PBE) so we should ask whether the flexible price is consistent with some
PBE. This guarantees that the firm does not deviate from p; in state L. Proposition 1 provides a

sharp answer to this question.

Proposition 1 (PBE with Flexible Prices). The flexible price {ps} is consistent with some PBE if
and only if

o

@z

When the fraction of Insiders is high enough, the flexible prices are in fact consistent with an
equilibrium.

The opposite end of the spectrum from the flexible price is a price schedule that is the same
in both states of the world — a sticky price. For simplicity, we focus on a particular sticky price,
denoted pg, which is a natural choice for two reasons: it is the price that would be optimal if no

consumers were informed (o = 0), and it is the price that would be optimal in the absence of a
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shock. Of course, we require that py be consistent with some PBE as well; Proposition 2 provides

a complete characterization.
Proposition 2 (PBE with Sticky Prices).
(a) The sticky price is po = &y /2 and is independent of the monetary policy rule.

(b) The sticky price pg is consistent with some PBE if and only if

When the fraction of Insiders is low enough, the sticky price is in fact consistent with an
equilibrium. Echoing what we said before: if too many consumers know the state, the sticky price

is not a sustainable strategy.
Corollary 1.

(a) Forevery o € [0, 1) at least one of the sticky price and the flexible price schedule is consistent

with PBE.

(b) In the region {a : & /Ey) < a0 < & /&y } both the sticky price and the flexible price schedule

are consistent with PBE (but the the firm strictly prefers the flexible price schedule).

2.3 The Phillips Curve

We define a Phillips Curve in this environment as follows. First, it is instructive to suppose that
the CB observes the aggregate shock and responds directly, setting the nominal interest rate as
a function of the state. Second, once we specify the behavior of the CB, it is easy to define the

endogenous aggregate variables.

Monetary Policy. We now suppose that the CB observes the aggregate shock and sets the nomi-

nal interest rate as a function of the state. The CB operates by partially responding to the demand

14



shock, and we parameterize the responsiveness of the CB by v € [0, 1) and specify the CB policy

according to

1+iZ=V(lgops)+(1—7)(1+io) (2)

where 1+ iy is the base interest rate. We write the interest rate as i} because it is explicitly param-

eterized by 7, in contrast to isTay 'or which is defined by the endogenous levels of inflation and the

output gap. This implies that for y € [0, 1),

l+pL _
1+ip

1+ pn
< =
éL (SH 1+iy

so that, when & is known, early consumption c is high in the H state and low in the L state.

The intuition for this rule is the following. Note that the CB can completely offset the demand
shock by setting 1 + iy = gio(l + ps) so that & = &y. In contrast, if the CB does not respond to
the demand shock, then it would choose a constant interest rate iy satisfying 1 +ip = %(1 + po),

where 1+ pg is the harmonic mean of 1+ py, 1+ pg, i.e. = 6y and 6 is the average of O, 0.

1
> 14po
Hence, y denotes the degree to which the CB adjusts the nominal interest rate from iy toward the

consumers’ discount rate p,.° Finally, note that y therefore parametrizes the shock &(y) according

i -r(5) 0 () (52)
-1(g)r0n(z) (&)

and the harmonic mean of &(7) is & for all y. Propositions 1 and 2 and Lemma 1 can all be written

to

equivalently in terms of () and we can define &(7y).
As we discuss below, in equilibrium the Taylor coefficients ¢, and ¢, will endogenously de-
termine how much the CB changes i in response to the shock. For now, we take y as exogenous

and show how variations in Y affect equilibrium. When we characterize the equilibrium behavior

6Equation (2) can also be written é =Y (50%9) +(1-7) (ﬁ) so that the bond price is the y-weighted harmonic

mean of the discount factor 6, and its expectation, divided by &.
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of monetary policy, we will see how changes in the Taylor coefficients affect equilibrium.

Aggregate Variables. We now characterize the relevant equilibrium aggregate variables for a
given CB policy y. On each island, the firm chooses between the sticky price po and the flexible
price schedule {p;} defined above, subject to the requirement that whatever it chooses should be
consistent with PBE and delivers the higher profit. On islands where o > & the firm will choose
the flexible price schedule {p;} and demand will be x;(ps) = 1/2. On islands where o < & the
firm will choose the sticky price pg, and demand will depend on the state. Keeping in mind that

the Insiders know the state but the Outsiders do not, we see that on these islands demand will be:

xs(po) = @ [1_,,%} r—a) {1_"%}

(The first term is the demand of the Insiders, who know the true state; the second term is the
demand of the Outsiders, who do not know the true state; note that 1 — pog—o = 1/2.) Having
defined the local prices and demands in each state s we define the average prices p; and demands

X 1In state s to be:

o 1
A= | podF(e)+ [ podr(a) 3
xs—/ ( [1—;:053} (l—oc)[%]) dF(a)+1[1-F(a)] 4)

In this simple model, output is the average demand X;.

We define the Phillips Curve to be the two points (X7, pr) and (Xg, pr). (Note that, as usual,
quantities are on the horizontal axis and prices are on the vertical axis.) We define the slope k(7)
of the Phillips Curve to be the ratio of the (average) price difference to the (average) demand
difference:

PH —PL

A e ——

Alternatively, we might view the Phillips Curve as the line PC(y) through the two points (X, pr.),
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(Xm, pr) and K (7) as the slope of this line.
We now build notation needed for the characterization of the slope of the Phillips Curve. From
equations (3) and (4) we can derive more convenient expressions for the average price difference

and average demand difference:

P~ pr=5 (0~ &) (1~ F(0) ©
=52 = (1~ po/ &~ [1 = po/&2) [ o dF (@)

b (52;5?) /0 “ 0 dF (@) (©)

The price difference is the difference in the flexible prices for the measure of firms using flexible
prices. The output difference is the difference in demand from Insiders on islands with sticky

prices. Hence the slope of the Phillips Curve is

K(y) = (iﬁ(?’)&(}’)) 1-F(a(y)) )

S ) "V adr(a)

We show that the Phillips curve flattens (i.e. the slope k(y) decreases) as 7 increases, and it
becomes perfectly flat (i.e. k(y) = 0) in the limit as Yy — 1. To state this result, we need to introduce

some notation. First, define ¢y, &¢; to be the lower and upper limits of the support of F
op=sup{a €[0,1]: F(a) =0}, oy =inf{a €[0,1]: F(ax) =1}

Hence, [0, o] is the smallest closed interval that contains the support of F: o is the fraction
of Insiders on the least informed island, and ¢; is the fraction of Insiders on the most informed
island. By assumption, the support of F is not a singleton, so oy < o. Note that .(0)/Ex(0) =
(1+pr)/(1+py) and E(1)/Ey(1) = 1. Lemma 1 guarantees that the function &7 (+)/Ex(-) is

strictly increasing, so it maps the interval [0, 1) onto the interval [(1+pz)/(14+pr),1).

Lemma 1.
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(a) The ratio E(y)/En(y) is strictly increasing in 'y and

. &) _
P Ea(y)

(b) The product m is strictly increasing in 'y and

Sem—)

im———=| =

r=18u(NEL(Y)  \So

This means that &(7) is increasing in y. Hence for k = 0,1 we can define ¥, implicitly by the

requirement

EL(%)
&u (%)

=max{o, (1+pr)/(1+pu)}

The Phillips Curve will be entirely vertical for very low 7y and entirely flat for very high 7.
These thresholds are, respectively, ¥ and ;.

We can now state the main result of this Section in Proposition 3: the Phillips curve flattens
(i.e. the slope k(y) decreases) as ¥ increases, and it becomes perfectly flat (i.e. k(y) = 0) when

Y> 1 and (if y; = 1) in the limit as y — 1.
Proposition 3 (Flattening of the Phillips Curve).

(a) Fory € [0,%): k(y) = +oo (The Phillips Curve is vertical; all islands choose flexible prices.)

(b) For y € [y,m): K is strictly decreasing (The Phillips Curve flattens as the CB response be-

comes stronger.)

(c) Forye€n,l): x(y) =0. (The Phillips Curve is flat if the CB response is strong enough; all

islands choose the sticky price.)
(d) limy_,1 k(y) = 0. (In the limit, the Phillips Curve is flat.)

To understand the mechanism underlying Proposition 3, note that, on all islands where sticky

prices prevail, the Phillips Curve (for those islands) is horizontal (has slope 0): prices are inde-
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pendent of the state but demands are not. Conversely, on all islands where flexible prices prevalil,
the Phillips Curve (for those islands) is vertical (has slope +o0): prices depend on the state but de-
mands do not. Propositions 1 and 2 and Lemma 1, taken together, tell us that as the CB increases
its commitment to stabilization (i.e. as Y increases), more firms choose sticky prices and fewer
firms choose flexible prices. This correctly suggests that as the CB increases its commitment to
stabilization the Phillips Curve flattens, and in the limit is completely flat. Moreover, parts (a) and
(c) delineate regimes in which the Phillips Curve is vertical or horizontal, respectively.

This intuition is correct, but it is not the whole story. There is also an “intensive margin” which
is affected by the stability mandate. The slope of the Phillips Curve as we have defined it is the ratio
of the difference py — pr of (average) prices across states and the difference Xy — X7 of (average)
demands across states. As 7Y increases, the flexible price prevails on fewer islands and the sticky
price prevails on more islands — but the price differences across states and the demand differences
across states both shrink, and as 7y tends to 1 (the CB’s commitment to stability becomes perfect),
both the price differences and the demand differences tend to 0, so the flattening of the Phillips
Curve — which is the ratio of these differences — depends not only on the fraction of firms and
consumers that respond to the nominal shock but also on the magnitudes of those responses.

In sum, the intensity with which the CB adjusts the policy rate to movements of the price level
affects the behavior of price setters. This price setter reaction is dictated by the costs of price adjust-
ment, which are endogenously determined via the strategic interaction with consumers. The firms’
problem can be thought as a tradeoff between adjusting prices or not. Because uninformed con-
sumers are concerned that the firm will strategically increase prices in order to increase markups,
in equilibrium there is an endogenous cost that arises when firms adjust prices. In the presence
of many uninformed consumers, it is therefore optimal for the firms to keep prices unchanged.
The key insight in the context of CB policy is that, for a given size of nominal demand shocks,
more active monetary policy stabilization favors the sticky price equilibrium. The reason is that a
given amount of stabilization (quantified by the appropriate parameters in the model) reduces the
effective size of shocks. For effectively smaller shocks, it is optimal for a larger fraction of firms

to keep prices fixed. This flattens the Phillips Curve, generating muted dynamics of the price level
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following fluctuations in the output gap.

3 Welfare and the Divine Coincidence

Having established how monetary policy affects the slow of the Phillips Curve, we now establish
the consequences for welfare-relevant measures. We first illustrate the failure of the divine coinci-
dence in our setting. We then explicitly calculate aggregate welfare as a function of the monetary
policy rule. We show that welfare can be non-monotonic in the aggressiveness of the central bank.
A central bank that is more responsive to shocks can actually worsen welfare outcomes. Section 4

quantifies these theoretical predictions.

3.1 The Divine Coincidence

The standard NK model features a so-called divine coincidence in which the central bank can close
the output gap by setting inflation to zero. In the standard Calvo setting, some firms are unable
to adjust prices in response to a shock, and implementing zero inflation is sufficient to ensure that
firms with (exogenously) sticky prices do not have price distortions relative to the aggregate. The
same is not necessarily true in our model. Instead, closing the inflation gap can actually increase
the output gap.

In our model, a useful measure of the variation in the aggregate price level is difference in
average prices across states, py — pr, which we call simply the price gap.” The price gap is given
in equation (5). Similarly, a useful measure of the variation in output is the difference in demand

across states, Xy — Xz, which we call simply the output variation. Note that the average output gap

across states is the expected value of |%; — %o|. Note that E[|%; — %|] = %L, half our measure of

output variation. Output variation is given by equation (6), which is conveniently re-written as

R — % — % (G- tu) /OOc a dF(at), where &(y) =

E(y)

"Note that the average price gap across states is the expected value of |ps — po| where py is taken as the base price

level. Note that E[|; — po|] = 22 ;’7 L | half our measure of the price gap.
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It is trivial to show that increasing 7y always decreases the price gap, i.e., more aggressive
monetary policy decreases deviations in inflation, because & is increasing in y and (g — &) is
decreasing in Y. In contrast, increasing Yy could increase the output variation, and hence the output

. . . &
gap in each state increases. Dropping the 3 term, we have

A

= (& - ¢h) /Oa adF(a)+ (& — Cu) b f(&)

. / N
v "

intensive margin extensive margin

A

d_a
dy

d[)?[-] —)EL]
dy

Note that there are two terms. The output gap is caused by sticky price islands. There is an
intensive margin: increasing 7y decreases the demand gap for informed agents, thus decreasing the
output gap on sticky-price islands. There is also an extensive margin: increasing Y increases the
set of sticky-price islands. If the extensive margin is sufficiently strong, then the distortion from

price stickiness increases and the output gap increases even as the price gap decreases.

Proposition 4 (Divine Coincidence). The output variation Xy — Xy, is increasing in Y if and only if

A

(1-9er@% > [ aar(a) ®)

In this case the output gap is increasing in 'y and the divine coincidence fails.

Note that for sufficiently high ¥ it must be that (1 —7) df(&)% < fO& odF(a) (since 1 —y
shrinks) and hence for sufficiently high ¥ the divine coincidence will hold.

We refer to Proposition 4 as a strong failure of the divine coincidence, which we contrast with
a weak failure below (Corollary 2). In this case of a strong failure, the CB moving interest rates
by more to offset the shock actually leads to larger output gaps, even though monetary policy
offsets the shock by more, thus decreasing the overall residual demand shock &;. The reason for
this strong failure is that a greater measure of firms choose sticky prices, thus creating demand
distortions. Over this region of ¥, more aggressive monetary policy closes the inflation gap but

increases the output gap.
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3.2 Aggregate Welfare and Monetary Policy

We now calculate aggregate welfare in the model with strategically sticky prices and consider
when more aggressive monetary policy (higher y) is likely to increase welfare. First, note that

future consumption is

dy — pc
Os

In equilibrium aggregate future consumption is C = E and we can ignore the distribution of profits

C=E+

due to linearity. We then calculate welfare for agents based on ¢*,C* by islands and aggregate. We

summarize our results as follows.

Proposition 5. Individual welfare in the economy is given as follows
(a) Agents facing flexible prices have expected utility E + %,

(b) Uninformed agents facing sticky prices have expected utility E + %,

(c) Informed agents facing sticky prices have expected utility E —|— 3% VECE[CY <E+3 g, with

strict inequality if Y < 1.
Furthermore, EZE[(2] is strictly decreasing in .

This means that the welfare consequence of sticky prices is to hurt the Insiders. Insiders have
lower expected utility on islands with sticky prices compared to islands with flexible prices and
would prefer to be on islands with flexible prices.

Aggregating the expected utilities for agents across types and islands, aggregate welfare is

W(y)=E+=> +8/ — &JE[EE]) dF () )

where the integral is strictly negative for y < 1. Differentiating (9), the net change welfare from an

increase in Y is given by

dw(y) _ dé | |dETE[L]] /“‘
T — (1~ gmg) s +| 0 [ aaria). (10)
extensiveTnargin<0 intensive‘r,nargin>0
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There are two consequences on aggregate welfare from increasing 7.
First is an effect from the extensive margin: the sticky price threshold increases, implying more

informed agents face sticky prices, which lowers their utility. The extensive margin is given by

which is strictly negative. All islands with o < & choose sticky prices. As shown, & is strictly
increasing in y. Since informed agents have lower utility in islands with sticky prices than with
flexible prices, this force decreases aggregate welfare.

Second is an effect from the intensive margin: the welfare of informed agents on islands with

sticky prices increases. The intensive margin is given by

[ S ),
0 dy
which is strictly positive. This force increases aggregate welfare.

The change in welfare overall is likely to be positive when fod odF (o) is large and f(&) is
small, which is more likely when ¢ is small and the distribution of ¢ has a lot of mass at high o.
Thus, the total effect of increasing y on welfare depends on how many agents are already on islands
with sticky prices. If increasing ¥ is going to decrease welfare, it must be that the extensive margin
is very powerful: a lot of islands with informed agents will adopt sticky prices. This implies that

f(&) must be very big. Specifically, we have the following result:

Proposition 6. Aggregate welfare is globally maximized by setting Yy = 1 but is locally increasing
inyif
ooy dO &
(l—y)af(a)d—y<2/ odF(a). (11)
0

Hence, there exists ¥ < 1 such that welfare is increasing for y € (,1).

Local to y =1, it must be that welfare is increasing, since the left side of equation (11) includes
1 — 7. Note that comparing equations (8) and (11), if welfare is decreasing in 7, then the divine

coincidence also fails.
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This result implies that in the absence of perfect monetary policy that can completely offset
aggregate shocks, it is possible that welfare is improved when a central bank is less responsive to

shocks hitting the economy. We show in Section 4 that this may be an empirically relevant result.

4 Policy Implementation

We now show that the policy mandate of the central bank can have direct consequences for ag-
gregate volatility and welfare. A dual mandate, targeting output gaps alongside inflation, robustly
performs better than a mandate that targets inflation alone. We calibrate our model to quantify the

significance of our theoretical mechanisms.

4.1 Policy Implementation and the Phillips Curve

In practice, monetary policy rules typically respond to output gaps and to inflation rather than to
a directly observable shock. Hence, because policy makers do not observe shocks directly, the
policy rule responds indirectly through observable macro variables. We can write the Taylor rule

as a implicit function of ¥:

log(1+i;™"") =log(1 +io) + 9x(Ps(7) — Po) + ¢x(%s(¥) — o)

where the price level ps(y) and output () are implicitly functions of ¥, which is the responsive-
ness of the CB defined in equation (2).

In equilibrium, the CB responsiveness y* is determined by the fixed point of equations (1) and
(2). In other words, there exist ¥* and i* such that at y*, if(y*) = i ® lm(}*) = i*, where i/ is
defined by (2), which is an explicit function of ¥, and i’ ®*" is defined by (1), which is an implicit
function of 7.

Consider the high state. Equation (2) defines i/ as an increasing function of y for state H.
Furthermore, p;(7) is monotonically decreasing in ¥ in H. Thus, if ¢ is sufficiently large relative

to ¢y, then i’ is decreasing in 7, ensuring that there is a unique equilibrium y*. In general,

%s(7) need not be monotonically decreasing in y (when the divine coincidence fails); however, for
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high vy the output gap converges to zero. Hence, we are guaranteed to have at least one intersection
between equations (1) and (2). A sufficient degree of inflation targeting ensures that the intersection

is unique. We can state the following result.

Corollary 2 (MP Implementation). Suppose ¢x = 0 and ¢ > 0. Then igay lor i monotonically
decreasing in 'y and strictly greater than ig at y =0 ( izay lor s monotonically increasing and strictly

less than ig at Y = 0). Hence there is a unique y* < 7y given by the intersection of equations (1)

and (2). In addition

(i) the equilibrium y* is increasing in @,

(ii) the equilibrium slope of the PC is decreasing in @r,
(iii) implementing v* > 7y, requires ¢, > 0.

Corollary 2 is important. First, it means that if the CB pursues a stronger commitment to price
stability or inflation targeting, then endogenously the PC becomes flatter. Second, in light of the
previous results on the divine coincidence (Proposition 4) and welfare (Proposition 6), a stronger
commitment to price stability or inflation targeting can actually increase output gaps and decrease
aggregate welfare. Third, achieving the optimal monetary policy requires a dual mandate. Recall
that the output gap is decreasing for sufficiently high y (even when the divine coincidence might
fail for lower 7), and thus it is possible to implement high y* with a sufficiently high ¢,.

The last result describes what we refer to as the weak failure on the divine coincidence. Specif-
ically, a greater commitment to price stability (high ¢7) can indeed lead to price stability (no
variation in aggregate price levels) while significant output gaps remain. Note that at y; there is
precisely zero variation in prices—the CB achieves perfect price stability—and yet non-zero out-
put gaps remain. Hence, in this weak failure, the CB achieves price stability without achieving
stability in output.

When the divine coincidence holds in the strong sense defined above (see Proposition 4), then
the level of output is monotonic in 7y as well. In this case, the usual result holds that the CB can

respond to shocks by targeting either the price level or the output gap.
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Corollary 3. Suppose the divine coincidence holds. Then i,z;ay lor s monotonically decreasing in 7y

and strictly greater than iy at Y = 0 for any ¢ > 0 and ¢ > 0 with at least one inequality strict
( i{ay lor s monotonically increasing and strictly less than iy at ¥ = 0). Hence, v* is increasing in

both Taylor coefficients ¢ and ¢y, and hence the PC slope is decreasing in both Taylor coefficients
Or and ¢,.

When it comes to implementing optimal monetary policy in this setting, a policy rule must
target output gaps directly in order to implement the optimal (y = 1). A rule that targets price
stability alone would never implement monetary policy with ¥ > 7;, because in this range there is
zero variation in prices and so there would be zero variation in monetary policy—the central bank
would not move interest rates in the right direction at all to mitigate the shock.

Indeed, since the slope of the Phillips Curve is decreasing in 7, it is robustly easier to achieve
more aggressive policy by responding to output gaps. As Y increases, the variation in prices falls
faster than the variation in output gaps, thus requiring policy rules that respond even more strongly
to inflation. If y; is sufficiently small (given the model parameters), then the central bank may ro-
bustly achieve price stability without sufficiently stabilizing fluctuations in output; a price stability
mandate alone would not come close to maximizing welfare. Prices would not fluctuate, but output
would.

While it is instructive to consider how the central bank can implement the optimal monetary
policy rule (Y = 1) in practice completely mitigating the shock is likely impossible. The result from
Proposition 6 that welfare can be decreasing on the margin means that more aggressive monetary
policy, achieving greater price stability, could turn out to decrease welfare. We illustrate policy
implementation in greater detail below using our calibrated model. This allows us to consider

when more aggressive policy could be welfare decreasing in practice.

4.2 A Calibrated Model with Demand Shocks

We now provide a calibrated model to determine the quantitative significance of our theoretical
results. To do so, we modify the setup slightly in order to let the data discipline the degree of

heterogeneity. Instead of having a distribution of Insiders across islands, we let firms have a distri-

26



bution of marginal costs. In this way, we can let empirical estimates discipline the distribution of
productivity. We then calibrate the fraction of Insiders to match the estimated slope of the Phillips
Curve, given particular Taylor coefficients. Appendix C formalizes the results in this setting with
a distribution of marginal costs.

We target average markups to be 12.5%, as is standard in the literature. With an average price

So(1+k)

of p ===, weset p/k=1.125 and &, = 1 implying an average marginal cost of k = 0.5

T125-05 —

0.8. We calibrate the distribution of productivities (inverse of marginal costs) as log-normal with

standard deviation of 5%. Bloom et al. (2018) find that the unconditional standard deviation of

micro-productivity shocks is 5.1%. The mean is set so that the average marginal cost equals 0.8.
The household time preference (natural rate) is set to rp = 4% and the discount factor shock

(demand shock) is 1%, hence 6; = 11 f rlo and Oy — Pffo.

We choose o to target the slope of the Phillips Curve in equilibrium for the given Taylor
coefficients. We use estimates from Del Negro et al. (2020) who use 1990 as the break in the
sample. Their estimates for the relevant Taylor coefficients pre-1990 are ¢, = 1.5 and ¢, = 0.1;
the estimates for post-1990 are ¢, = 1.5 and ¢, = 0.22. The posterior mean, median, and mode
for k pre-1990 are 0.0157, 0.0145, and 0.0211. The post-1990 posterior mean, median, and mode
are 0.00151, 0.00140, and 0.00196. These estimates are similar to what is found in Hazell et al.
(2022). We choose o to target these estimates—hence, our model is over-identified, where we are
using two moments to discipline a single parameter.

With o = 0.88, the model delivers pre- and post-1990 numbers of

Kpre = 0.0162,  Kpoq = 0.0017

Despite its simplicity, the calibrated model can match the decline in the slope of the Phillips
Curve based on changes in the Taylor rule using estimated parameters. The equilibrium y* is
Y" = 0.456,0.626 pre- and post-1990. In this case, welfare improves slightly, from —0.01 to
—0.0057 percent, in terms of consumption-equivalent relative to the flexible price equilibrium
(hence, really small numbers). Nonetheless, the model exhibits non-monotonic welfare and a

strong failure of the divine coincidence for y < 0.4. Figure 1 plots equilibrium variables with these
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parameters.
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Figure 1: Aggregate Prices, Output, Phillips Curve, and Welfare.

As is clearly evident with this calibration, increasing y from O initially leads to a large in-
creasing in output fluctuations—the divine coincidence fails for y < 0.4. This occurs because the
fraction of islands choosing sticky prices increases dramatically. By y = 0.6, nearly all islands
use sticky prices. Similarly, welfare is non-monotonic in 7, initially declining because higher y
leads to more price stickiness, creating more output distortions. Nonetheless, in this economy, the
estimated Taylor coefficients imply that the current Taylor rule is welfare-improving relative to the
pre-1990 coefficients.

It is instructive to use this calibrated economy to consider the consequences of changes to the
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policy rule in equilibrium. Our theoretical results imply that a single mandate of targeting inflation
alone may not be optimal and may lead to large fluctuations in output even if prices are stable.
We first suppose the CB pursues a single mandate of price stability alone, which we model in
the extreme way by setting ¢, = 0. Figure 2 illustrates equilibrium monetary policy in this environ-
ment. We consider two sets of Taylor coefficients that both ignore the output gap and respond only
to inflation. The blue line has a standard value of ¢ = 1.5, and the red-orange line is one hundred
times more responsive, with ¢, = 150. In these cases, the equilibrium responsiveness in each case
is respectively 7* = 0.3255 and 0.63367. Hence, more aggressive inflation targeting does lead to
more aggressive monetary policy. However, it should be clear that a rule that responds to inflation
alone will find it very hard to implement y > 0.8. Indeed, even if the CB used the incredibly unre-
alistic rule of ¢ = 1,500, the equilibrium ¥ would still only be 0.739. This illustrates what we call
the weak failure of the divine coincidence. The CB pursues a very strong price stability mandate,

and achieves price stability, and yet output remains volatile.

55F

- - iz, eqn (2)
Taylor: ¢7r=l.5, ¢,=0
Taylor: ¢ﬂ:150, qSXZO

45+

Taylor Rule and Interest Rate

Figure 2: Monetary Policy implementation with a Taylor rule. Greater inflation targeting leads
to more aggressive policy, but only to a point. Dashed black line is i/ from equation (2). Solid
colored lines are Taylor rules.

Figure 3 illustrates the determination of the CB behavior in this environment when the CB
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does respond to output gaps. In this case, a dual mandate greatly improves the ability of the CB
to respond to demand shocks. The yellow, purple, and green lines fix the inflation coefficient at
¢z = 1.5, the standard value, and vary the responsiveness to the output gap, setting ¢, = 0.2, 0.5,
and 1.5. For these Taylor rules, the equilibrium y* = 0.626, 0.7921, and 0.9196, indicating the
the CB can achieve much more aggressive responses by targeting the output gap rather than more

aggressively targeting inflation.

55¢
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Taylor: ¢_=150, ¢ =0
Taylor: ¢W=1.5, ¢,=0.22
Taylor: ¢7r:1.5, ¢x:0‘5

Taylor: ¢7r=1.5, ¢x=1.5

45+

Taylor Rule and Interest Rate

Figure 3: Monetary Policy implementation with a Taylor rule. Targeting the output gap is a robustly
better policy.

By responding to the output gap (dual mandate), the CB is able to sidestep the weak failure
of the divine coincidence and achieve both price and output stability. Importantly, the CB does
not need to respond very aggressively to the output gap in order to achieve better implementation.
This occurs precisely because the slope of the PC is endogenous, flattening as the CB pursues more
aggressive policy. With more aggressive policy, inflation volatility declines, and thus responding to
inflation becomes less effective at guiding policy. Instead, the CB can maintain a standard response
to inflation and respond somewhat more aggressively to output. Compared to the baseline single-

mandate policy with ¢, = 1.5, ¢, = 0, modestly increasing the responsiveness to the output gap
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by setting ¢, = 0.22 is nearly as effective as maintaining a single mandate and increasing the

responsiveness to inflation one-hundred-fold.
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Figure 4: Monetary Policy and Welfare, the effectiveness of a dual mandate. Varying policy ag-
gressiveness with a single mandate (a) and with a dual mandate (b).

Finally, we can illustrate the problem with a single mandate by calculating welfare as a function
of ¢r. Figure 4(a) plots welfare in equilibrium when the CB varies ¢, from 0.25 (low) to 15, which
is an order of magnitude higher than empirical estimates. Note that welfare is actually decreasing
until ¢ is about 2. This means that, with a single mandate alone, increasing welfare requires a very
aggressive response to inflation. In contrast, Figure 4(b) plots welfare when the CB fixes ¢ = 1.5

and varies @, from O to 1.5, a much smaller range. Welfare is strictly increasing in this case.

5 Conclusion

What is the optimal mandate for central banks? Our findings challenge the conventional wisdom
that price stability alone is sufficient for macroeconomic stability. A mandate focused solely on
price stabilization may be problematic because it can inadvertently increase the volatility of output,
or lead to persistent output gaps. Moreover, our results suggest that the observed flattening of the
Phillips curve may be a consequence of strict price stabilization policies, rather than an exogenous

structural change. When inflation becomes very stable, it may lose its effectiveness as a policy
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target, and price stickiness resulting from strict inflation targeting can amplify output fluctuations.
These findings illustrate two distinct ways in which the divine coincidence fails: first, inflation
stability does not ensure output stability, and second, policies aimed at price stability may actively
worsen output fluctuations. These findings support a dual mandate that explicitly considers output
fluctuations alongside inflation.

Most analyses of optimal monetary policy rely on the New Keynesian framework, which as-
sumes an exogenous Phillips curve slope. Our analysis endogenizes price stickiness, demonstrating
that monetary policy postures shape the trade-off between inflation and output stabilization. We
concentrate on a model where the amount of stickiness is microfounded, and therefore long-run
policy expectations affect the slope of the Phillips curve and long-run inflation expectations jointly
(in the NK model, there is no interaction between the slope and long-run inflation expectations).
Our approach, where long-run inflation expectations determine the amount of stickiness and slope

of the Phillips curve, has empirical implications that we leave for future work.
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Online Appendices

A Proofs

Proof. of Proposition 1 ONLY IF: If the flexible price {p;} is consistent with some PBE, then,
in particular, if the true state is L the firm will not prefer to deviate and offer the price py rather
than the price pr. Note that if the true state is L and the firm offers py, Insiders will know that the
true state is L but Outsiders will believe the true state is H. Hence the firm will not want to offer

pr = &y /2 rather than p; = &7 /2 if and only if:

B[Sl L] 80 (o, B0 L]

2 2 &n]— 2 2 &y
cu(y) 1 } }
+(1—-o [1 —
( ) 2 &u(y)

After multiplying both sides by 4%, simplifying and re-arranging, we see that this is equivalent
to:

() { §H(Y)]

—1>a(l-
S (Y) ()

After dividing both sides by the term in square brackets and noting that this term is negative, we

see that this is equivalent to:

gl [ )=

Finally, simplifying the fraction on the left side, we see that this is equivalent to:

which is the desired result.

IF: Given that o > éi((?), We must construct a PBE in which prices along the equilibrium path
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are pr, py. Hence we must show that when the true state is s the firm will not wish to deviate to a
price p # ps. PBE implies that when the Outsiders see the price p;, they believe the true state is
s, as in (a), (c). However, we are free to assign arbitrary beliefs to Outsiders if they see a price p
different from both py and pg, as in (b), (d); in that event we assign to Outsiders the belief that the

true state is L. We must rule out four kinds of potentially profitable deviations
(a) The true state is L and the firm offers pg.
(b) The true state is L and the firm offers p # pr, py.
(c) The true state is H and the firm offers p = py.
(b) The true state is H and the firm offers p # pr, py.

We have posited that when Outsiders see a price p # pr, py they believe the state is L and PBE
guarantees that when Outsiders see the price py they believe the state is L, so we can subsume (c),

(d) into
(e) The true state is L and the firm offers p # pp.

We now verify (a) , (b) and (e) in turn.

(a) This follows immediately by following the steps in the ONLY IF case above, but in reverse

order, noting that each inequality is equivalent to the one above.

(b) We have posited that when Outsiders see a price p # pr,py they believe the state is L.
Insiders know the true state so they also believe the state is L. Hence aggregate demand
if the firm offers p will be 1 — p#m and firm profit will be p[l — p#m]. By definition,

this quantity is maximized when p = 1/251— and the maximum profit will be 1 /4@

u(y)
However this is the profit when the firm offers py = 1/ 25%()/) so this cannot be a profitable

deviation for any such p.
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(e) We must show that when the true state is H the firm’s profit if it offers pp is at least as great

as when it offers p # py; i.e. we must show

1 1
2 p(all-pg sl (-l =]

4% 2(7)

1
(

1 1
Zap[l—PgH—(y)]+(1—0‘)P[1—P§L—m] (12)

By definition, p[l — péﬁ;(ﬂ] would be maximized by setting p = py = l/2ﬁ and p[l —

pé%(y)] would be maximized by setting p = pp =1/ 2&;(},) so we must certainly have

1 1
ap(l _péﬂ—(}’)] <a (—4§H1(y)) (13)
1 1
(1—0‘)19[1—19&—(},)] <(l-a) <%> (14)

By assumption, P;, < Py so 1/4 ng(y) <1/4 ng(y). Hence if we add the inequalities (13) and

(14) and compare with (12) it remains only to verify that

1 1 1
> ( ; ) +(1—a) ( 1 )
4 4 41—
éu(y) éu(y) Eu(y)

This is a tautology, so we have verified (e) .

Having verified (a) , (b) and (e) , the proof is complete. L]

Proof. of Proposition 2 ONLY IF: Assume the sticky price pp = &y/2 is consistent with some

PBE. Suppose that, in that PBE, the true state is L and the firm offers a price p # po. Because

the Insiders know the true state, they will demand the quantity 1 — p——. PBE requires that the

()
Outsiders form some belief about the true state and demand a quantity that is optimal with respect

to that belief about the true state; hence the Outsiders will demand 1 — pE, [%] where [E, [%] is
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their expectation of the future price, given their belief about the true state and the behavior of the

CB. The fraction o of consumers are Insiders, so the profit of the firm will be:

= o{ati—rg 1 +0-wp- ]}

For every p # po, this expression will be minimized if the Outsiders assign probability 1 to the
state L, in which case their expectation of the future price will be E,(1/P) = 5%(},) Hence if the

firm offers # py we must have

1

péL—(}’)]

di(p) > p[l—

In particular, this inequality must hold when p = p;y =1/ 25%(7/); thus we must have

o (B0 4%

In PBE the firm has no profitable deviation so it must be that dz(pg) > dr(p) for every p; in

particular this inequality must hold when p = p; =1/ 2&#@. Recall that py = & /2, so we conclude

8 (o-atg) 0o -t fel]) =5

Because & is the harmonic mean of P, Py, E, [%] = 1/&p; substituting yields

%(“ [“%tw} * 1;a> i 45%

Collecting terms that involve o on the left side, all other terms on the right side, and simplifying

that
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leads to

> 1§0C(;}/5L)

«|1-ag ] Bl

Because 1 — éoé%(y) < 0, solving for  yields

o<

1
50&_(7,)

which is the desired result.

IF: To construct a PBE in which pg is offered in both states, we have to prescribe the behavior
of Outsiders when a price p # po is offered. As the argument above suggests, we posit that when
when a price p # po is offered, Outsiders believe the true state is L and hence demand 1 — pgﬁm.

Insiders know the true state s and demand 1 — p{(7,s) so the profit of the firm is

ds<p>:p(a[l—pc<y,s>1+<1—a>[1—p&#m0 (15)

If the firm offers the putative equilibrium price pg = &y/2, the Outsiders’ expectation of the future

price will be 1/&, so the profit of the firm will be

ds<po>=5—2°<a [1_% (m] +1—Toc>

The equilibrium condition is that

ds(pO) > ds(p) (16)

when s = L and when s = H, under the assumption that @ < 1/ 505%(7/)'
To check that the inequality (16) is satisfied when the true state s = L,we need only follow the
argument above in the opposite direction, as we did in the proof of Proposition 1.

To see that (16) is satisfied when the true state s = H is more complicated. First note that
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simplifying the right side of (15) yields

1 1
dmm=p(vmm5x5+a—a@350

1 1
:p(“*ﬂ?axﬁ+“‘“ﬁz%y)
Write A = aéﬂ;mﬂl —a)ﬁ

; and note that dy (p) = p[1 — pA]. Thus, dy(p) is maximized when

LY
p = 1/2A and maximum profit is di(1/2A) = 1/4A. So it suffices to prove that
2 Taml ) 2
1—= + > i I a7

To this end, multiply both sides by the denominator, simplify, and collect terms. This leaves the

following inequality to be verified:

B 1 1 B )
-6z llgm ~amtee
1 1 1 1
Hgm aw TP *amam
1
+{@5E6‘1}2() (18)

The left side of (18) is a quadratic polynomial in a; call it f(a). The coefficient of a? is negative
so the set {a : f(o) > 0} is a closed interval (or empty). Note that f(0) = 50&#(7) —-1>0. A
straightforward, but long and messy, algebraic manipulation (available from the authors on request)
shows that f(l/é()é%m) >0, so it follows that f(a) > 0 for0 < a < 1/50%. This demonstrates
that the inequality (17) is satisfied in the same range of ¢, and hence that the inequality (16) is
satisfied when the true state s = H. We conclude that for 0 < a < 1/ 5()&%(},), there is a PBE in

which the sticky price py is offered in both states, as asserted. ]
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Proof. of Lemma 1 (a) This requires only simple algebraic manipulation.

@bﬁzyQJ (1—ﬂ<é>Gﬂﬁ)

am r(2)+0-7(3) (F2)
[?’(1+PH) (1- )(1+Po)] <1+PL>

Y(1+pL)+(1=7)(L+po) | \1+pu

Because 14 py < 14 pg < 1+ py the numerator of the term in square brackets is strictly increasing

in ¥ and the denominator is strictly decreasing so the term in square brackets is strictly increasing;

hence the ratio gL = / A6 1s also strictly increasing. Moreover as Y tends to 1 the numer-

ator of the left term tends to 1 —|— pn and the denominator tends to 1+ py so altogether the ratio
5%(},) / é%(}’) tends to 1, as asserted.
(b) This too requires only simple algebraic manipulation. For convenience, write h(y) =

éy DED ( 7 Multiplying out, collecting terms and recalling that & is the harmonic mean of &;, &y

-
:<

It is therefore immediate that 4(1) = éi Differentiating and collecting terms yields

yields:

) Yﬂ—w+0—ﬁ2
éfoéL So&n ¢18n
) +u—w2

g ELén

‘“‘|~< ‘Q‘I‘<

& & éLén
1
=(@=2) {eo W]

To see that () > 0, and hence that h(y) is strictly increasing, it suffices to show that 1/£3 —
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1/ELEy > 0. To see this plug in to the definition of 1/&y and expand

L 12[L L} L
& &l 2 & &l Elu

1
q

( |
(é)z_ aet (éLH)Z

This is certainly strictly positive so the proof is complete. ]

Proof. of Proposition 3

1S

En(VEL(Y) N
) i

All of the desired assertions follow quickly. First, from Lemma 1 the term (

strictly decreasing in 7.

(a) Forye€[0,10): the numerator 1 — F(&()) is strictly positive and the denominator fOﬁC(Y) o dF (o)

is 0 50 K(y) = +oo.

(b) For 7 € [y,71): the numerator is strictly decreasing in y and the denominator is strictly in-

creasing, so k() is strictly increasing.
(c) For y € [71,1): the numerator is 0 and the denominator is strictly positive so x(y) = 0.

(d) As yconverges to 1, the numerator converges to 0 and the denominator increases to something

strictly positive, so limy_,1 k(y) = 1.

This completes the proof. [
Proof of Proposition 4. Since {(y) =7y (%) +(1—7) <%) <gs) we have

0. 6
Gt 07 (5 - ag)
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and so

(& —Cu)=— (%) <0,

since 07 > Oy (pr < py). This confirms that the intensive margin is negative. Since % > 0, the

extensive margin is positive. We want to show when the extensive margin exceeds the intensive

a5 —5]]

margin. From the previous derivations, we can write a7

S

)| a-nar@ - [*aar@

Vv Vv
extensive margin intensive margin

dE [|x; — %] _ (GL — Oy
dy 8080

This completes the proof. 0

Proof of Proposition 5. On islands with flexible prices, all agents are informed and face p; = %,

implying demand ¢* = % Because all agents consume 1/2, firms with flexible prices have profits
dy = &;/4. Tt remains to solve for C; and expected utility. Future consumption is C* = E + (d —
pc*)/Q. But note that d = pc*, and therefore we have C; = E. Hence, since ¢* = 1/2,C* = E,

utility on islands with flexible prices equals
3

On islands with sticky prices, all agents face p = &;/2. Denoting consumption by Insiders
(informed) and Outsiders (uninformed) agents by 1t and 0. Uninformed agents consume ¢}, = %,
which, notably, is the same present consumption as agents on islands with flexible prices. Informed
agents demand ¢; = 1 — % Dropping the state subscript, future consumption for agent j is C; =
E+(d— pc;‘-) /P, but it is not the case that for both types of agents d = pcj. However, since firm

profits are just po times aggregate consumption (ac; + (1 — a)c}), it is the case that profits equal
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the sum of pc* across agents. Thus,

aCy +(1-a)C, = a(E+(d—pc;)/Q) + (1 —a)(E+(d—pc,)/0),

_pydmplediiong g

Hence, by linearity in C*, the distribution of firm profits does not matter in the aggregate. To
simplify our calculations and for expositional clarity, we set C = E for both sets of agents.

As before, expected utility for uninformed agents (Outsiders) is given by E[U] = E + %, which
is the same as expected utility on islands with flexible prices. In state s, informed agents have
utility

C2

U(Qw;Cs) =c— = +E,

2
1 2
—~(1- E
(1-5%) -5
1
2

éOCs
2
:1_€0Cs_ (1—§0Cs+ﬁ)+E,

50 Cs
2

Thus to calculate the expected utility we need E[{2]. Note that E[{] = E[1/&] = 1/&. By
convexity we have E[{2] > 1/&Z, which implies that if y < 1 then for insiders E[U] < E + %. Recall

that

and therefore

s 02
=g (P -mg 00

47



Taking expectations we have

E[¢] =

(72+2y1—7> (1-7)? ) )
0 0
9 2
(90) ]

2
It is easy to show that E {(g—g) } > 1 by convexity. This also means that EJE[{?] > 1if y € (0,1)

&

= GE[{] =7 +2y(1-1)+(1-7)°E

and so utility is less than E + 3 for y € (0, 1).

We can show that expected utility for Insiders is strictly increasing in y. Note that

dE[U] _  1&3dE[E]]
Sdy 8 dy

We have
GdE[C?]

Iy :2<1—y—(1—y)E

(&)])=

which is strictly negative because the expectation exceeds 1. Thus, the utility of informed agents

facing sticky prices is strictly increasing in 7. 0

Proof of Proposition 6. We can write aggregate welfare as

WW%:AQP(E+%—éﬁﬂﬁ0+{Lﬂ@(E+§”dFm)

+<E+§>U—FWD, (19)

which we can simplify to

W) =E+-> +/ ( ( ééE[C ]))dF(OC),

_E+> +8/ _E2E[C2)) dF (). 20)

dETE[L(1.5)%]

<o,

Global maximization at ¥ = 1 follows from equation (9) and the fact that
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Since welfare can only be strictly less than e + % for y < 1 and equals e + % at y = 1, welfare is
maximized at y = 1.

We can write ESE[(y,5)?] — 1 as

EEC(r.s) ] - 1= +2y(1-7)+ (1 —)’E

)])

(3—0)1 S

=(1-7)’ <E

which implies that

GEIL(7,5)’]

I
N
|
=
[\
N
=

. dEE 2
Thefore we can write % as

d&TE[L(1.5)°]

a7 =—2(1-7) (E

&)]-) -l

This allows us to rewrite the marginal change in welfare as

dW (7) 0 \*|\ . ., .. dé
O
extensive?%argin<0 .
2 é
+2(1—1y) (E (g—(s)) ] —1)/0 adF (@)

P
intensive margin>0

which we can simplify to

dw(y) _
ay (1-7) (E

@] o)
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2
Note that (1 —17) (IE {(3—8) } — 1) > 0. Hence, welfare is increasing in 7 if

(1—7) df(éc)% < 2/0a adF (a)

which is the result. ]

B General Equilibrium Framework

This section lays down a general equilibrium framework in which our model of price stickiness
can be embedded. We have two goals. The first is to clarify that the earlier results can be obtained
in a model with labor supply (and no endowments). The second is to clarify that the earlier results
can be obtained in a model with where money plays an essential role.

The setup’s pieces are standard. However, putting the pieces together is quite involved. There-
fore we start its description with a preview. We subsequently fully describe every piece of the

model.

B.1 Preview

The setup is based on the foundational papers by Lagos and Wright (2005) and Lucas and Stokey
(1987). As Lagos and Wright (2005), we exploit quasilinearity and periods that are divided in a
day and a night to be able to handle agent (informational) heterogeneity. As Lucas and Stokey
(1987), we use a cash-in-advance model with credit and cash goods. The presence of credit goods
is key for specifying trading in goods markets with partially informed consumers.

The population of the economy is composed by a unit mass of households. These households
own a unit mass of firms, which operate in different and segmented geographic locations called
islands. There is a unit mass of islands, and on each island there is a single firm.

Households are divided into workers and consumers. Workers supply labor; consumers shop
for consumption goods.

As in Lagos and Wright (2005), each period is divided into two subperiods: a day and a night.
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All the action of interest takes place during the day; the night is simply introduced as a technical
device to close the model. Trading of credit goods takes place during the day; trading of cash
goods takes place during the night.

The exogenous aggregate state of the economy is given by a preference shock 6, which is
the discount factor between the day and the night. As in most of the literature, this preference
shock is a modeling device to generate fluctuations in nominal aggregate demand. As in the simple
model presented in previous sections’ of the paper, a key assumption of our setup is that there is
household heterogeneity in the information about this aggregate shock. Some households may be
imperfectly informed about the value of discount factor at night.® We model this by making the
sharp assumption that a fraction of households is perfectly informed about the realization of the
shock and the complement is uninformed about the realization of the shock.

Firms, by assumption, are informed about the preference shock. We motivate this simplifying
assumption by a story in which firms are able to aggregate consumer demand via goods market
trading. So long as a non-zero mass of each firm’s consumers are informed, their demand then
reveals the aggregate preference shock to firms. To simplify the exposition, here we simply assume
that firms are informed right from the start. On the other hand, imperfectly informed consumers
learn by looking at firms’ prices.” In fact, firms and consumers play a sequential game. Consumers
and firms meet in decentralized locations. Each firm posts a price, consumers observe the price,
and then post their demand.

The central bank controls money supply, which determines relative price between the night
and day. The central bank uses a rule to determines its policy. This rule depends on deviations of

inflation from a target and on the output gap.

80ne can also think about this shock representing a shift in marginal utility at night. Under this interpretation, the
assumption is that, during the day, imperfectly informed households do not receive full information about marginal
utility at night.

Notice that, our informational assumptions force us to move away from monopolistic competition (or other forms
of centralized goods markets).
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B.2 Full Model

Population and Geography. The economy is populated by households, firms, and a Central
Bank (CB). The geography is given by a unit mass of islands, and a mainland. Each island is pop-
ulated by a continuum of households of mass one and is served by a single monopolistic firm. The
mainland is visited by all consumers in the economy at given dates, and is served by a competitive

representative firm. Households are divided in workers and consumers.

Time Structure. Time is discreet. Similar to Lagos and Wright (2005), periods are divided into
two subperiods, called “day” and “night”. Following their notation, we will denote day variables
in lower case, and night variables in upper case. Subperiods are indexed by ¢: t = 0 signifies the
day, and r = 1 signifies the night. (However, to simplify the notation, we skip ¢ notation when

possible.) Periods are indexed by 7 and run from 7 = 0 to infinity.

Goods Markets. We start by describing day-time trading in the decentralized market. Each mass
of consumers are served by a price-setting monopolist (on a given island), which sells good c at a
nominal price p. These decentralized goods are bought on credit.

We now describe the functioning of the night-time, centralized, market. At night, all consumers
are sent to the mainland. There, they consume an aggregate good C, produced by a competitive
firm, and sold at an aggregate nominal price P. We also refer to this aggregate price P as the night

price level. This good is sold in exchange for cash.

Labor Markets. During both the day and the night labor markets are open. During the day,
workers supply labor in a centralized labor market. Local firms hire workers from this centralized
market. At night, labor is supplied in the mainland. Both (day and night) markets are compet-
itive. Daytime labor is denoted /; nighttime labor is denoted L. We denote wages as w and W,

respectively.

Credit, Financial, and Money Markets. During the day, all transactions take place on credit.

Consumers buy consumption goods on credit, workers bring back wages, and firms pay profits (the
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firm is owned by local households).

At night, goods are bought in cash. (Labor is supplied on credit.)

The money market opens only at (the end of the) night. Similar to Lucas and Stokey (1987),
all credit transactions are settled at this moment. A (long-term) bond is available across periods.
These are trades in exchange of money holdings for the next period 7+ 1. Long term bonds and

cash holdings are denoted B and M respectively.

Exogenous Aggregate State. The exogenous aggregate state is given by the realization of a

preference shock 8;. We specify the process for the preference shock below.

Central Bank. The Central Bank sets the money supply following the commitment a rule, which

we specify below. The money supply determines the price level during the night P.

Information Structure. Consumers are heterogeneous in terms of the information they possess.
There are two types of consumers: Insiders (informed consumers) t € I and Outsiders (uninformed
consumers) o € O. Insiders are perfectly informed about the state 6;; Outsiders are uninformed
about the state but know the probability distribution, and may draw inferences from the price set
by the firm with which they trade. The fraction a € [0, 1) of Insiders on a particular island varies
across islands. We assume the distribution of ¢ is given by a cdf F' whose support is not a singleton
and has the property that
lim F(a) =1

a—1
That is, the fraction of islands on which all consumers are Insiders is 0. All other agents in the
economy have perfect information.

All of the above is common knowledge.

Household Optimization. We start by presenting an inner problem of the household. In this
problem, household solve for all variables that trade in credit. This is the “day-to-night” problem

where the action happens. (The outer problem is presented below.)
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We index a typical household by j. The inner problem at date 7 consists in solving

max Ej; [(u(cf) — lT> + 6 (U(C) —Lrﬂ

colr,Ly

where choices variables have been defined above. The variable C denotes a fixed allocation of the
nighttime consumption good. Since this good is traded in cash, its consumption is fixed in the inner
problem (the outer problem will determine this quantity). The random variable 6 is the exogenous
aggregate state, which determines the discount factor between the day and the night. Following the
previous sections, we specify the process for 8; to be very simple, by assuming it follows an i.1.d.
binary Markov chain with two values, 6y, and 0, with Pr(6;) = Pr(6y) =1/2 and E[6;] =0 < 1.
The realization 0y corresponds to the high state, and the realization 6;, corresponds to the low state.
The household values daytime consumption relatively more in the high state (and hence demand is
higher than in the low state). Hence, the realizations are such that 6; > 0.1 The utility functions
u(+) and U|(+) are assumed to be twice continuously differentiable on IR, strictly increasing, and
strictly concave. Below, we make an assumption on «(-) such that the monopolist’s problem has a
solution.!! We assume that there is a value of C such that U’(C) = 1/. The expectation operator
is indexed by j to signify the household member’s information set at the time they make a choice.

This problem is subject to a constraint given by
prce+PiC = +wele +WiLs (22)

where prices have been defined above and 7; are profits.
Denoting by A; the Lagrange multiplier of the constraint (22), the first-order condition for

daytime consumption c is

”/(Cr) =Ej:[Acpr]

It is important to emphasize that, depending on the index j, this condition may be taken under

10The model allows for richer specifications of the exogenous process for the state, such as persistent Markov
chains and AR(1). (To simplify the notation of this GE framework, we omit the subscript s to denote the state as in the
previous sections, and simply use the notation 6.)

"'The earlier sections assume quadratic utility, which is a convenient assumption for welfare calculations. Here in
the GE framework we aim to show that this particular restriction is not needed to find a general equilibrium solution.
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imperfect information. Indeed, it defines the choice, in a decentralized market, by a consumer that
can be an Outsider. (Insiders have full information about the product A;p;.) Notice however that
Outsiders observe the price of the firm they meet, pz, and hence the expectation conditional on this
price. Therefore, it can be taken out of the expectation operator.

We obtain the following set of first-order conditions:

”/(CT) =pEje [Ae]
1 = A’TWT

91‘ - A/r WT

(The remaining optimality conditions are taken under perfect information, since they involve
choices in centralized markets.)
From the second equation we observe that A; = 1/w;. Further manipulating the equations

above we can summarize the set of first-order conditions to

e}
u/(cf) = p‘L'Ejr |:Wi:| (23)
1 1
L S 24
we = (24)

We continue by presenting the outer problem of the household. This is the problem solved from
one day to the other. (Below we will formally establish the relation between both problems.) This
problem will give rise to an explicit role for money and hence allows us to define the monetary
policy instrument.

Define
U (ce,lz,Ce,Le) = (u(cf) — zr) + 8T<U(CT) —LT)

In the outer problem, the household needs to solve

max Ejz
cTJT*,CTaLTvM‘L'aBT |

Z ﬁT %(017177C‘L’;L1)
7=0
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which involves choosing infinite sequences of consumption, labor supply, money and bond hold-

ings subject to

pTCT +P‘L'C‘L' +BT +M‘L' — Wflf +WTLT +M1;71 + Tf + (1 +l%T) ijfl —|_ 7:*; (25)

where i£ is a long-term nominal interest rate, and T; is a lump-sum cash transfer set by the Central

Bank. Purchases of the cash good are also subject to a cash-in-advance (CIA) constraint
PCr < Mr 1+ T (26)

Denoting by x. the multiplier on the budget constraint (25) and by y; the multiplier on the

CIA constraint (26), we get the set of first-order conditions

B*u(ct) = Ejr [xzpe] (27)

BT = xowe (28)
BTO:U'(Cr) = (Xx+ Wo)Pe (29)
BTO: = Wy (30)

Xr = Er Yoyt + Wrii] (31

Xo = (1+ih1) Ee [Xe] (32)

where it is important to notice the presence of two different expectation operators, the daytime ex-
pectation operator E ;| - ] (conditional on consumer j’s information), and the nighttime expectation
operator [E;| - | (conditional on full information, which is available in the centralized market).

From (28) and (30), we observe that y; = B%/wr and y; = B*60;/W;. Thus,

1 1
— =0, —
W We

which is the same as (24). Also, plugging in the expression for ); obtained from (30) into (27), we
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get

)
w(ce) = pelje [W] (33)
which is the same as (23).

The remaining conditions (determining the demand for money and bonds) can be simplified as
follows. Equation (29), one period forward, is 8710, U’ (C;11) = (Xr11+ Wey1)Pry1. Solving

for ¥r4+1 4+ Wr+1, and using the expression for ), equation (31) becomes

0; { 917+1 ! }
L =BE U'(Criq (34)
Finally, equation (32) is equivalent to
91: LT { 977+1 }
— =B (1+i7 )E (35)
W’L‘ ﬁ ( T—i—l) T Wf+ |

Production. All firms in the economy have a linear technology and produce using only labor.
Within every period, monopolist of the decentralized market produces ¢ according to the produc-
tion function c¢; = Al;. For simplicity, we assume that kK = 1 /A is commonly known.

The competitive firm produces C according to the production function C; = L, where produc-

tivity has been normalized to 1.

Game in the Decentralized Market. The equilibrium notion for the game played between con-
sumers and firms is the one described in full detail in the body. Below we shall prove that, this setup
is tractable in the following sense: Any equilibrium of this game is part of a general equilibrium

for the whole economy.

Central Bank. The central bank sets the money supply M. An increase of the money supply
(away from its steady state value) is expansionary since it is increases aggregate demand, and vice

versa. The central banks behaves by adjusting money supply as a function of inflation and the
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output gap, according to the following rule:
S ~ 7¢7’L’ A 7¢x
M =My (p:) (%) (36)

where M is the natural level of the money supply, p; is inflation, defined as the percentage de-
viation of the price level P; away from steady state pg: pr = [ p(a)dF(c)/po, and £ is the
output gap, defined as the percentage deviation of aggregate output from steady state yo = 1/2:
%= [y(a)dF(a)/(1/2). Below we show that this policy rule can be expressed as a rule for a
short-term interest rate rate. This rule is equivalent to the Taylor rule (1) presented in the simple
version of the model.

We are finally in a position where we can define a general equilibrium for the economy.

Definition of Equilibrium. A (general) equilibrium of this economy is given by consumption al-

locations, labor supply, bond holdings and money demand (for each household) {c;,C¢,l7,L;,B¢,M:},

labor demand (for each firm) {12, .2}, profits {7}, money supply {M3 }, nominal transfers {7},

Jv
nominal prices {pz, P}, nominal wages {wz, W;}, long-term nominal interest rates {1+ "}, for

all 7, such that:
1. Households’ conditions for optimality and corresponding constraints are satisfied;

2. The price-setting game is solved as specified above;

W

. The representative firm maximizes profits taking the price as given;
4. The CB sets money supply as specified by the rule above;

5. Goods, labor, bonds, and money markets clear.

General Equilibrium Characterization. First, we conjecture that C; is constant in equilibrium.
If so, then the price of this good is pinned down by the cash in advance constraint. We denote this

constant C; = C. Second, we conjecture that M; = M§ , for all ;. Then, P, = M./ C.
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By the optimality condition for the production of the representative firm, the nominal wage

W = P; (since productivity is normalized to 1). Thus,
M
Pe=W: =% (37)

Now, taking equation (34) and writing it as

) - )

2T — BU'(C) E, { ad }
M- Mz

reveals that as long as U’(C) = 1/ and 0; /M is a martingale, equation (34) is satisfied. Corollar-

ies 2 and 3 show that a monotonic rule can be mapped into a degree of monetary policy adjustment

Y. Hence, we write the rule
1 +F—y) 1
M; B YG‘L' ! My
According to this rule, when y = 1, there is full adjustment (M; = 0;), and when y = 0, there is no

adjustment (M; = My). This rule can be written

o, o,
E—Y‘F(l—?’)MO

Taking the expectation of 8;/M, shows, trivially, that this ratio is a martingale, and thus equation
(34) is satisfied.

A similar argument for i£” = 1/ — 1 shows that equation (35) is satisfied.

Since this is a closed economy with a zero net supply of bonds, we can simply set By = 0 for all
households. It remains to check that the labor markets clear. The centralized market clears when
each household supplies L; = C;. In the decentralized market, each household’s labor supply
is set to satisfy their respective budget constraints. Aggregating the budget constraint gives the
economy’s resource constraint, and from this one can establish that the labor market clears in each
island. (Notice, this implies that any equilibrium solution to the game played between firms and
consumers is a GE. This ensure a tractable and isolated treatment of the game.)

Finally, set T; = M; — M;_;. At this point, we are able to verify our money demand and cen-
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tralized good consumption conjectures. This completes the characterization of the GE framework.

Equivalence Results. In order to understand the sense in which the program of the household
admits an inner and an outer problem, notice first that the first order condition for c¢; in both
problems are the same (equations (23) and (33)). Also, since the equilibrium in the outer problem
requires L; = Cy, and since W; = P;, My = M;_; + T; and B; = 0, then, setting E = C the budget

constraints in both problems reduce to
PrCt = Te +wele

leading to the same choice of /; in both problems. The following result has then just been estab-

lished.

Lemma 2. The equilibrium allocations of cz, l;, Ly in the inner problem are the same as in the
outer problem. Moreover, the equilibrium allocation Cr is an admissible endowment E of the inner

problem.

To obtain the simple, partial equilibrium, model in section 2, interpret the cash good as a
numeraire good. Since the credit good and the cash good are purchased in subsequent periods
(call them period O and period 1), the price P; can be interpreted as the price of an asset traded at
period 0, that pays 1 unit of the numeraire good in period 1. Denote this price Q;. Then, Q; = P;.
Moreover, since in this simple model marginal costs are zero, take the limit A — oo, which implies
zero labor demand.

In the simple model, the choice of C is determined by the budget constraint. Since households
are heterogeneous in terms of their information and implied choice of ¢, nothing guarantees that C
is equal to E. However, by the linearity, one can verify that the aggregate quantity of C is indeed
equal to E.

In order to obtain the rule (1), notice that M; = E - Q;. So the rule (36) is
A~ _(Pn N _¢x
E-Q:=E-Qo (Pr) (Xr)
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which is
. VRCTR
I+ir= (1 ‘I’ZO) <pr> (xr>
In logs
log(l + iT) = log(l + iO) + Orpr + Oufc

Finally, the simple model can be written using two periods only, which allows to drop the 7
index and keep only the lower case and upper case notation fort =0 and t = 1.

Thereby, the following lemma establishing the alleged equivalence has been proven.

Lemma 3. The model presented in section 2 has the same equilibrium allocation of c; as the full
GE model. Also, the aggregate consumption of C in the simple model is equal to E = C. Moreover

rules (1) and (36) lead to the same policies.

Finally, we note it is straightforward to extend this result, based on the full GE model, to the

case of positive marginal costs with finite A and k = 1/A.

C Model with a Distribution of Marginal Costs

We formalize the analysis of the version of the baseline model with a distribution of marginal costs
k rather than a distribution of the fraction of informed agents. The model behaves essentially the
same.

Let the setup be modified as follows. The fraction of insiders o is assumed to be constant
across islands, but now firms differ in their marginal costs k. Let kK ~ G, where G is the CDF with
the usual properties.

We restate the main results in this setting. The proofs are in the following subsection.

C.1 Short-run Equilibrium, Phillips Curve, and Welfare

Let the firm have marginal cost k. With flexible prices, the firm maximizes

(I=p/&)(p—k&) (38)
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In the absence of shocks, the optimal price is

and total demand is

E(1+k) 1—k
2600 2

Similarly, the sticky-price equilibrium is given by pg = %

ingx;, =1-— é‘)(zl—g:k) and uninformed agents demanding

x=1-
, with informed agents demand-
1k

>
We can now restate the original results from the paper.

Proposition 7 (PBE with Flexible Prices and Marginal Costs). The flexible price {p;} is consistent
with some PBE if and only if

1—ady/ér

R P

When the fraction of Insiders is high enough, the flexible prices are in fact consistent with an
equilibrium. Recall that &y /&, — 1 as ¥ — 1. Note that as &y /& — 1 we have k — i:—g =1,and
so we have all firms choosing flexible prices since the model requires k£ < 1.

The Proposition with sticky prices follows with pg = &y(1 + k) /2, as does the Corollary 1.

Having defined the local prices and demands in each state s we define the average prices pg
and demands X; in state s. In contrast to the model with zero marginal costs, the sticky and flexible

prices are now functions of k on each island.

po= [ oW+ [ p(kaci 3

xs—/ ( {1—1)0 )aﬂl )[12 DdG +/11;dG (40)
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Plugging in we can write these equations as

1+k 1+k
ps—/ & L a6 +/ & dG(K) 1)

xs:/o ( [1—%‘%%(1 @) {%Dm(kw/;%dc(k) 42)

We can derive more convenient expressions for the average price difference and average de-

mand difference:

PH—PL= %(éH_gL) /}(1+k)dG(k) (43)

s (1 25)(-1328) s

K T1+kE 1+k &
=f el e e aew
by (En—&\ K
- % ( i~ ) /0 (144) dG(K) (44)
Hence the slope of the Phillips Curve is
_(&n& Je(1+k)dG(k)
K(Y) = ( & ) KL+ 0) dG (0 (45)

Note that K is strictly increasing in y and Ex&; is strictly decreasing and converges to 502 The
result that increasing Y flattens the Phillips Curve immediately follows. As before, the coefficient
in front decreases with ¥ — 1, converging to &/a. Second, as y increases, K increases, imply-
ing the numerator decreases and the denominator increases. If G(K) = 1, then all firms choose
sticky prices, the numerator is zero and K = O (the Phillips Curve is entirely flat); this occurs for
sufficiently high y. If G(K) = 0, then all firms choose flexible prices, the denominator is zero and
K = oo (the Phillips Curve is vertical); this occurs for sufficiently low y. Finally, since the limit of
K = 1, this means that asymptotically all firms use sticky prices and so k¥ — 0. Hence, the main

result goes through exactly.
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Since we can write

A

.. ag
XH — X[, = ——

K
(6= Gu) | (14K) dGK)

Dropping the aTéo term, we have

Xy —X k o
d[f;_yd :\(Ci—c;i)/o (l—l—k)dG(kz—F(CL—CH)(I‘FK)S’(K)C;—KJ
intensi\;margin -~

extensive margin

Proposition 8 (Divine Coincidence with MC). The output variation Xg — Xy, is increasing in Y if
and only if

<1—y><1+1%>g<1%>‘;—’§> /OK(IJrk)dG(k).

In this case the output gap is increasing in 'y and the divine coincidence fails.

(46)

The proof follows immediately as for the analogous result without marginal costs. Note that for
sufficiently high y it must be that (1 — 1) (1+ I%)g([%)‘é—li < fok(l +k)dG(k) (since 1 — y shrinks)

and hence for sufficiently high 7 the divine coincidence will hold, just as is the case in the model
with F (o).

Finally, consider welfare. With costs k the expected utility with flexible price, or for unin-

formed agents is given by
1—k 1 /1-k\? E
2 2\ 2

which is

For informed agents facing sticky prices, expected utility is

Bt~ g GBIE (s 10 +4)

which we can write

E+ s — < (BB +k7 - 1).
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Hence, informed agents utility is lower by

2

(SRR +02 1)~ § — g

oo | =—

or equivalently, multiplying by 8,

ECE[C(7.8)*)(1+k)> =1 —2k—k*,
ETEIS(7,5)2](1+k)> = (1+k)?,
(1+k)* (ETE[S (1.5)2] — 1),

which is the welfare loss in the baseline model, times (1 + k).

We can write aggregate welfare as

W(y) = /OK [oc (E+%— %éozE[C(y,s)z](l +k)2) +(1-a) <E+§—§ <1+§>)] dG(k)

1 3 k k
+/;e (E+§—Z(1+§)>dG(k), @7)

which we can simplify to

W(y) :E+§—/l § (1+’§) dG(k)
- [F R (@RI 97 - 1) 6w, )

In particular, the welfare loss due to sticky prices is given by

[k (@B 9] - 1) 60

which is just fOK (14 k)?dG(k) times the identical welfare loss in the baseline model.
It immediately follows that we derive an analogous condition for when welfare is increasing or

decreasing in Y.
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C.2 Proofs for this setting

Proof of Proposition 7. Incentive-compatibility for the flexible-price equilibrium requires

(5L(12—k)) (lgk) >
() (- () 2) e (- ()

Simplifying:

5L(1gk) (1_;k> . (§H(1+1;)—25Lk) (a (2—(1+2k)5H/éL> l—a) (IT—k))

SL(1=k) (1 —k) = (Su(1+k) —28.k) (2= (1+K)Gr/6r) + (1 — &) (1 —k))

Letting 6 = &y /&; and dividing both sides by &,

(1—k)(1—k) > (§(1+k) —2k) (&t (2 — (1 +k)8) + (1 — ) (1 —k))
(1= k)(1—k) > (8(1+k) —2) (1 —k) + a2 — (1+K)8 — (1 —k)))
(1= k)(1—k) > (8(1+k)—2K) (1 —k) + (1 — (1 +K)S +K))

(1= k)(1—k) > (8(1+k) —2k) (1 —k) + (1 +k)(1 - 5))

Note that 6(1 +k) —2k > 1 —k and § > 1 so that 1 — & < 0. Then rearranging we have

o(1+k)(6—1)(6(14+k)—2k) > (
o(1+k)(6—1)(6(14+k)—2k) > (

a(l1+k)(6—1)(6+0k—2k) > (6 —1+6k—k)(1—k)
)= (8-

DA +K)(1 k)
1—k
&= S ok—2k

S(1+k)—2k)(1—k) — (1 —k)(1 —Fk)
S(1+k)—2k—(1—k))(1—k)

o(l1+k)(6—1)(6+0k—2k

\/

=0

Note that if k = 0 (baseline model) then we get & = 1/6 = &1 /&y, which is the baseline result.

In addition, we have that & — 1 k =1 as Yy — 1 because 6 — 1. So the model behaves as we
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would like, with all firms choosing sticky prices when y = 1.

Inverting the requirement (if k varies), then the cutoff for marginal cost solves

o(8+8k—2k)>1—k
ad+a(8—2)k>1—k

(a(6=2)+1k>1—ad

Note that 1 + ad > 1 + a > 2a. Hence, (8 —2) + 1 > 0, and so we have

1—ad n
R —
k‘a(6—2)+1 £

D Foundations for the Demand Shock

D.1 Idiosyncratic Preference Shocks

To allow for imperfect information about the aggregate discount rate, we introduce idiosyncratic
preference shocks. All consumers are perfectly informed about their own preference shock, but do
not observe the aggregate preference shock. The aggregate preference shock determines the price
of the bond Q (pinned down, in equilibrium, by monetary policy).

Specifically, let, as in the body, 6y denote the aggregate high state, and 6 denote the aggregate

low state. Each consumer’s individual 6} is subject to an idiosyncratic component u; ~ N (4, o2):

log0; = log 6, +u;

where 1, is the expectation of the idiosyncratic shock required for &y = 1. As in the body, a fraction
o of consumers are Insiders and know the realization aggregate state, and a fraction 1 — ¢ are
Outsiders and do not know the realization of the aggregate state (but update their beliefs conditional

on their idiosyncratic 6;).
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The results of the body go through in this setup. Given the linearity of demand, it is straight-
forward to aggregate individual demands. The flexible price equilibrium replicates the results of
perfect information benchmark, and Outsiders learn the aggregate shock from the price of the firm.
In the sticky price equilibrium, we need to check the firms’ IC constraints, which are now affected
by consumer learning from their own signals. This shifts Outsiders’ demand towards the realized
shock. However, similar to the model in the body, one can show that there is a cutoff in o, bounded

away from zero, for which sticky prices are an equilibrium.

D.2 Shocks to Future Income

A shock to future endowments can be used to microfound the main model. Here, we provide a
general-equilibrium setting that shows how to write this microfoundation. Uninformed consumers
know their preferences but they do not know their future income; this setting provides an isomor-

phism to the main model.
D.2.1 Consumers
Let consumers have utility

1
c— 502 —14+BV(C),

where ¢ and C represent consumption and / is labor supply and V is a strictly increasing and

concave function. The budget constraint is

pc+QC =d+wl+ QFE,

68



where w is the wage, Q is the bond price, d is the firm profit (dividend) and E is the future endow-

ment. Let u denote the Lagrange multiplier. Household optimization yields

l—c=up, (49)
1= pw, (50)
BV'(C) = ou. (51)

Notice that we have u = % and u = % Define
6=V'(C),
which is endogenous (we will pin it down soon). Notice that we therefore have

H = pé = U= :
9, &
as we defined the demand shock in our paper. As before we have

cF=1-

D.2.2 Firms

Firms have productivity A so y = Al. Thus, the marginal cost of producing y is % because producing

y units requires 1/A units of labor. Let z = 1/A. From above we have w = ﬁ = &, and therefore
we have marginal costs

%:zé,

just as in our model. The firm profit is

d=y(p—28),
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and the labor bill is

w
wl:Xy:yWZZyzé.

D.2.3 Household Collective and Equilibrium

We suppose that consumers belong to a household that distributes profits at the end of the period.
The household collective receives d and then distributes the total dividend to each consumer in
the household. This is a trivial problem in a flex-price equilibrium. In that case, ¢ = y for each
consumer, and so pc =d+wland C = E.

Now consider a sticky-price island. Let ¢y and ¢; denote consumption for the uninformed and

informed. Let the household collective distribute dividends so that

pCOZdO+Wl7 PCl:dl‘f’Wla

1.e., each consumer type receives a portion of firm profits so that present earnings (wages plus
profits) are sufficient to cover consumption. Since the firm sells ac; + (1 — o)cg units, the dividend

distribution scheme is feasible. Thus, C = E for each agent. And that means that, indeed,

0=V'(E)

in equilibrium for each agent. Thus, we can let variations in E drive variations in 6.
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