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Abstract

The equilibrium indeterminacy of the representative-agent New Keynesian model (RANK) is rooted
in the assumption that income is perpetually demand-determined. Equilibria featuring an “active”
fiscal authority leverage this assumption to support entirely self-sustained, infinitely-lasting shifts
in household spending, allowing fiscal policy to matter even though households are Ricardian. A
refinement motivated by the model’s intended focus on short-run phenomena—requiring a return
to flexible-price outcomes in finite time—removes the channel through which fiscal policy affects
the economy, and so monetary dominance necessarily obtains. Under our refinement, fiscal pol-

icy matters if, and only if, households themselves are non-Ricardian, as in the HANK literature.
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1 Introduction

The post-COVID experience has reignited interest in monetary-fiscal interactions. Do fiscal deficits
cause inflationary pressures? And can the Fed arrest such pressures by hiking interest rates?

Following Leeper (1991), a large literature addresses these questions by studying how the equilib-
ria of the representative-agent New Keynesian model (RANK) depend on two different policy regimes.
In the most conventional regime, the monetary authority is dominant in the sense that it can regulate
output and inflation in the familiar manner (as described, e.g., in Gali, 2008), and fiscal deficits are en-
tirely irrelevant.! In the opposite regime, commonly known as fiscal dominance and tightly connected
to the Fiscal Theory of the Price Level (FTPL), these predictions instead flip: fiscal deficits become the
main driver of household spending, output, and inflation, despite households being Ricardian; and
interest rate hikes may actually amplify, rather than dampen, inflationary pressures.

In this paper, we revisit the theoretical foundations of this literature. We first argue that the New
Keynesian model, independently of policy, admits a continuum of equilibria, because aggregate in-
come is demand-determined forever. This allows consumers to coordinate on multiple, entirely self-
sustained, and perpetually different levels of spending and so income. We next show that fiscal dom-
inance (“active” fiscal policy) hinges precisely on such infinitely-lasting, self-fulfilling fluctuations: in
this regime, any given consumer spends more in response to higher deficits because, and only be-
cause, she expects all other consumers to do the same literally forever. A refinement motivated by the
idea that aggregate demand matters only in the short-run—formally, requiring a return to flexible-
price outcomes in finite time—rules out such self-fulfilling beliefs, guarantees that fiscal deficits have
no effect on output and inflation, and therefore delivers monetary dominance even if the Taylor prin-
ciple fails. Getting fiscal policy to matter in spite of our refinement thus requires a primitive failure
of Ricardian equivalence, due to finite horizons, liquidity frictions, or imperfect rationality, as in the
heterogeneous-agent (HANK) literature. Not only are such environments consistent with the relevant
microeconomic evidence, they also help insulate predictions of how monetary and fiscal interactions

shape short-run outcomes from untestable assumptions about long-run beliefs.

Standard setting, new lens. We consider the standard New Keynesian model: prices are sticky, out-
put is demand-determined, taxes are non-distortionary, and households are Ricardian.” But instead
of studying the model’s competitive equilibria and the eigenvalues of its linearized state-space rep-

resentation, we recast the fully non-linear economy as a game among the households and study its

!1n this regime, the monetary authority is “active” in the sense that it raises nominal interest rates more than one-to-one
with inflation (equivalently, the Taylor principle holds), while the fiscal authority is “passive” in the sense that it adjusts
taxes as needed to ensure intertemporal budget balance. The opposite assumptions define the fiscal-dominance regime.

2We say that households are “Ricardian” when they are rational, have infinite horizons, and face no liquidity constraints,
just as in Barro (1974). This is true in RANK regardless of the policy regime.



Nash equilibria. At the heart of this representation is an elementary assumption regarding consumer
rationality: households understand the structure of the economy and the dependence of aggregate

outcomes on their joint behavior. Under this lens, the following model properties become evident:

1. Unlike monetary policy, fiscal policy is payoff-irrelevant. Holding constant aggregate spending,
monetary policy enters individual payoffs and best responses by influencing the real interest
rate that individuals use to discount their future income and spending. By contrast, fiscal policy
drops out of individual payoffs and best responses for the same reason as in Barro (1974): ratio-
nal households understand that, conditional on aggregate spending, any fiscal operation—the
timing of taxes, helicopter drops of government bonds, explicit default, or implicit default via
inflation—is immaterial for their lifetime budget. Fiscal policy can thus influence an individ-

ual’s behavior only insofar as it influences their expectations of the behavior of others.

2. There exists a continuum of equilibria, corresponding to multiple self-fulfilling beliefs about per-
manent income. Equilibrium multiplicity is present regardless of policy, is distinct from that in
Sargent and Wallace (1975), and derives from two properties: (i) output, and thus also income, is
demand-determined in all periods; and (ii) the households’ cumulative marginal propensity to
consume (MPC) is one.® To see the logic most transparently, suppose that prices are completely
rigid and the monetary authority pegs the interest rate to a value equal to the households’ sub-
jective discount rate. Optimal consumption then equals permanent income, just as in Friedman
(1957). But since individual income is determined by aggregate spending, the following is also
true: if all households raise their spending by one unit in all periods, a household’s permanent
income and optimal consumption increase by exactly the same amount. Perpetually higher
spending thus sustains higher permanent income, which in turn sustains perpetually higher
spending, one-for-one. More succinctly, the economy resembles a game where the average best
response coincides with the 45-degree line: consumer optimality gives ¢ = y, the assumption
that income is demand-determined gives y = ¢, and the two properties combined yield a best

response of the form ¢ = ¢, which obviously has a continuum of fixed points.

An integral part of our contribution is to show that these properties are hidden behind traditional
treatments of the New Keynesian model: they hold true regardless of the degree of nominal rigidity,
the slope of the Phillips curve, the specification of monetary and fiscal policy, and the structure of
government debt (real vs. nominal, short-term vs. long-term). They furthermore immediately imply
that fiscal deficits, by virtue of their payoff irrelevance, can influence output and inflation in RANK if,

and only if, they trigger self-fulfilling shifts in household spending—shifts that are infinitely-lasting,

3Note that, in the New Keynesian framework, output is fully demand-determined even if prices are only partially rigid,
because rationing is ruled out (Barro, 2025; Flynn et al., 2026).
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as otherwise the loop delivering equilibrium multiplicity would not close.

Fiscal dominance under our prism. To illustrate the practical implications of the above insights,
consider the following example: government debt is held in real, one-period bonds (as in Barro, 1974);
and the fiscal authority is “active” in the particular sense that it pegs future taxes to, say, 30 per cent of
income, regardless of how big today’s deficit is. Such a policy would have led to government default
if income was exogenously fixed (again as in Barro, 1974); now, however, with income being demand-
determined (unlike Barro, 1974), default can be averted by households coordinating on a self-fulfilling
boom of a specific size—one such that the resulting expansion in the tax base finances today’s deficit
without any change in tax rates. The more familiar FTPL scenario, where government debt is nominal
and an active fiscal authority pegs future tax revenues instead of future tax rates, is a direct translation
of the above logic: households now coordinate on whatever self-fulfilling boom is necessary for the
resulting inflation and debt erosion to substitute for the missing tax revenue.

Our interpretation of active fiscal policy as one of many self-fulfilling equilibria disagrees with the
FTPLs claim that an active fiscal policy induces a unique equilibrium. At the technical level, this dis-
agreement reflects a subtle difference in the economy’s representation and solution concept (Nash
vs. competitive equilibrium), as we discuss at length in our main analysis. The essence, however, is
simple. Insofar as rational households understand the structure of the economy, they also understand
two basic facts: that their holding of government debt and their tax obligations must ultimately can-
cel; and that they can coordinate on a different self-sustained level of spending than the one needed

to support an active fiscal authority.

A refinement. If the New Keynesian model admits multiple equilibria regardless of the monetary-
fiscal policy mix, then how can the analyst make concrete predictions about the economy’s response
to shocks, or about the effects of changes in monetary and fiscal policy design? We propose a simple
principle. Because the New Keynesian model is intended to speak only to short-run phenomena,
we refine the equilibrium concept by requiring that long-run beliefs be anchored in the following
sense: households believe that, in the absence of future shocks, the economy returns to flexible-price,
supply-determined outcomes at some arbitrarily large but finite horizon.

Under this refinement, the Keynesian feedback between income and spending can operate in the
short run, but not in the long run—income is a fortiori supply-determined after some finite date. As
a result, the effective strategic complementarity is now less than one, the infinitely-lasting feedback
loops required by active fiscal policy fail to close, and the monetary authority is left alone to regulate
output and inflation even if the Taylor principle fails. Within RANK, fiscal irrelevance and monetary
dominance thus both emerge as natural and necessary implications of the requirement that the long-

run is supply-determined, in the sense made precise by our refinement.



Monetary-fiscal interactions in HANK. The above discussion explains why, in our view, the study of
monetary-fiscal interactions should be built on two foundations: (i) a classical departure from Ricar-
dian equivalence, due to finite horizons, liquidity frictions, or bounded rationality, delivering payoff
relevance of fiscal policy; and (ii) robustness to our refinement, severing the short- and long-run. The
combination of these properties guarantees that monetary and fiscal policies operate exclusively via
quantifiable, short-run, effects—and not via hard-to-test shifts in expectations of far-ahead income
away from flexible-price outcomes.

We illustrate this point in a non-Ricardian extension of our baseline setting, building a bridge to
the HANK literature. Because households are non-Ricardian, fiscal policy is now payoff-relevant and
operates similarly to monetary policy: postponing taxes to the future stimulates aggregate demand,
just like an interest rate cut. Nevertheless, an infinite feedback loop between income and spending is
still possible, as beliefs about long-run income are not anchored, as before. In principle, assumptions
about the monetary-fiscal policy mix may thus operate, not only by shaping best responses (i.e., via
behavioral effects disciplined by microeconomic evidence), but also by shifting those long-run beliefs
(i.e., by serving as coordination devices). By design, our refinement shuts down this latter channel,
thus isolating the first one. It follows that the study of monetary-fiscal interactions can be true to the
idea that the long run is supply-determined, as well as quantifiable by standard micro and macro data,

only in models with non-Ricardian consumers and only in equilibria that are robust to our refinement.

Related literature. Our paper makes a methodological contribution to the study of monetary-fiscal
interactions. We start by arguing that the New Keynesian model’s equilibrium indeterminacy is dis-
tinct from that found in either Sargent and Wallace (1975) or flexible-price versions of the FTPL, and
is instead tightly connected to the fact that income is perpetually demand-determined in that model.
Building on this insight, we then shed new light on how fiscal policy operates in two strands of the lit-
erature: one that assumes infinite horizons, complete markets and rational expectations (e.g., Davig
and Leeper, 2011; Bianchi and Melosi, 2017; Smets and Wouters, 2024); and another that relaxes these
assumptions, whether by employing quantitative HANK models (e.g., Kaplan, Moll and Violante, 2018;
Eichenbaum, Guerreiro and Obradovic, 2026), or by developing simpler, analytically tractable settings
(e.g., Aguiar, Amador and Arellano, 2023; Angeletos, Lian and Wolf, 2024a; Bilbiie, 2025; Rachel and
Ravn, 2026). In particular, we show that the first strand critically hinges on infinite feedback loops
between spending and income, and is thus non-robust to the refinement that outcomes are supply-
determined after an arbitrarily long but finite date. And while fiscal policy naturally matters via a
direct, short-run channel in the second strand, it can still play a subtle coordination or equilibrium
selection role, so robustness to our refinement is the litmus test for making sure that any applied

lessons do not depend on infinite feedback loops and hard-to-test assumptions about beliefs of the



very long run.*

Like all the works cited above, our analysis assumes that the monetary authority does not directly
care about fiscal conditions, nor is it subject to political pressure. Relaxing this assumption intro-
duces a separate, third, mechanism via which fiscal policy can matter for output and inflation: the
monetary authority may actively reduce interest rates to benefit the fiscal authority—a mechanism
studied in the literature that models monetary-fiscal interactions as the solution to Ramsey problems
with limited commitment (e.g., Bocola et al., 2026).

Our analysis also provides a new justification for RANK’s conventional solution (e.g., as presented
in Gali, 2008). This solution has relied on imposing the Taylor principle and on ruling out “unbounded”
equilibria—assumptions that have been criticized by Cochrane (2011) and others. Here, we show that
these assumptions can be replaced with a simple principle, integral to Keynesian thinking: that out-
put is demand-determined only in the short run, in the sense formalized by our refinement.

Our representation of the New Keynesian model as a game among the consumers echoes Angele-
tos and Lian (2018), Angeletos and Huo (2021) and Farhi and Werning (2019). But whereas these
papers focus on bounded rationality in settings without a fiscal sector, we shift the focus to monetary-
fiscal interactions and highlight the fragility of FTPL-like equilibria to our short-run refinement. Com-
plementary in this regard is Angeletos and Lian (2023), which anchors expectations of aggregate spend-
ing at far-ahead horizons via small, appropriate noise (as in the global-games literature), as well as the
earlier, more familiar, criticisms of the FTPL (Kocherlakota and Phelan, 1999; Buiter, 2002; Niepelt,
2004). Our game-theoretic lens is also shared by Bassetto (2002), who emphasizes the role played by
off-equilibrium government commitments in the FTPL, though in a flexible-price setting. Finally, we
agree with Atkeson, Chari and Kehoe (2010) that interest-rate rules cannot induce a unique equilib-

rium, but also sidestep the entire equilibrium-selection conundrum with our refinement.

Outline. We begin in Section 2 with a simple two-period RANK model, allowing us to transparently
explain the essence of our results on the game representation, equilibrium multiplicity, and the role
of fiscal policy. The much more general infinite-horizon analogue follows in Section 3. We then turn

to our refinement in Section 4, and finally develop the HANK extension in Section 5.

2 The two-period model

We begin with a stripped-down version of the New Keynesian model, featuring two periods, real gov-

ernment debt, and (for part of the analysis) fully rigid prices. This allows us to transparently commu-

“We have explicitly checked that Angeletos et al. (2024a,b, 2026) pass this test. We suspect the same is true for key
contributions such as Kaplan et al. (2018) and Auclert et al. (2024), because of their focus on short-run mechanisms. But
we alert the reader that, in HANK and RANK alike, self-fulfilling beliefs could still play a role. See Section 5 for details.



nicate our main results; Section 3 will show that all insights extend to a general RANK environment.

2.1 Environment

There are two periods, indexed by ¢ € {0,1}, a continuum of households, indexed by i € [0,1], and a
government. Each household is a combined consumer-worker-firm: it is the monopolist of a differen-
tiated good, which is produced by the household’s labor, and consumes a composite of all the goods
in the economy. This assumption simplifies the exposition, reducing the private sector to a single set
of agents. There is an exogenous unit of account, used to quote prices, but there is no money—the
economy is “cashless,” as is commonplace in both the New Keynesian framework (Woodford, 2003;
Gali, 2008) and modern incarnations of the FTPL (Cochrane, 2018, 2023). Finally, households can save

and borrow using a real, risk-free, one-period bond, whose net supply equals government debt.”

Households. A household’s lifetime utility is given by
% = Y, p{U(Cii) - V(L) M

te{0,1}
where C; ; and L; ; denote consumption and labor in period ¢, § € (0,1) is the subjective discount
factor, U : Ry — Ry is strictly increasing, strictly concave, continuously differentiable, and bounded,
with lime_o U'(C) = oo and lim¢_,, U'(C) = 0, and V : R, — R, is strictly increasing and convex.
Consumption is the familiar constant elasticity of substitution (CES) composite:

Ci,t = ( C;itd]‘)a,
where C; j ; is i’s consumption of good j and € > 1 is the elasticity of substitution.

The household’s flow budgets in periods 0 and 1 are given by, respectively,
Pjo . p-1 Py .
fP_OCi'j’Od]+RO D;1=Dy+Yi0—Tp and fP_ICi'j’ld]SDi’l-FYi'l_Tl’

where P;; is the price of good j in date ¢, P; = ([ Pl.l';ed i)ﬁ is the aggregate price index, Y;; is
the household’s real income in period ¢, T; is the (assumed common) tax bill in period ¢, D; is the
amount of real government bonds inherited at the beginning of date 0, D; ; is the amount of the new
bonds purchased at the end of date 0, and Ry is the real interest rate. Without any loss of generality, we
let D; o = Dy for all i, i.e., we abstract from heterogeneity in initial wealth. Assuming that production
is linear in labor and normalizing labor productivity to 1, we have that real income is Y; ; = PP;":LM and
that % can be interpreted as the real wage faced by household i. The CES demand structure further-

b

more as usual gives i's optimal demand for good j as C; j ; = (—’:)_eCi, +, and so total expenditure as

p

SAt first glance, the assumption that government debt is real (as in Barro, 1974) may appear to disconnect our analysis
from Leeper (1991), the FTPL, and the related literature on monetary-fiscal interactions, which all assign a prominent role
to nominal debt; we will discuss later why that is not the case.
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JP ;,¢Ci j,rd j = P;C; ;. We can thus rewrite the household’s flow budget constraints as
Cio+Ry'Di1 < Do+Yip—Tp and Cjj < Dj1+Yi)—Ti. 2)
Combining these flow budgets yields the following lifetime budget:
Cio+Ry ' Cii < Zo+ Yio+Ry Vi, 3)

where Zy= Do — To— R; 1 T) measures initial private assets net of tax obligations.

To see next how the household’s income is determined, note that the demand for the good it pro-
ducesis Q; ;= (PP;":)_GCI, where C; = [ C; ;di denotes aggregate consumption. Imposing market clear-
ing (L; ; = Q; 1), we infer that i’s labor supply and real income are pinned down by aggregate spending

and by the relative price of its good:

. \—€ L . \1-€
Lio=(%) ¢ and v, == (f) e, @)

Rigid prices. We begin by assuming that prices are fully rigid. Although this assumption is obviously
restrictive and will be relaxed in Section 2.3 below (as well as in the more general, infinite-horizon
framework of Section 3), it is useful for two reasons: it simplifies the exposition; and it helps make
clear that the indeterminacy issues at the heart of our analysis are entirely real, and as such distinct
from the nominal indeterminacy familiar from Sargent and Wallace (1975). We thus fix P; ; =1 Vi, t,

in which case condition (4) specializes to
Li,t: Yi,t:Ct- ®)

This sharpens the dependence of individual labor and income on aggregate spending, and reduces
the household problem to choice of a consumption plan C; = (C;, C; 1) that maximizes its lifetime

utility (1) subject to its lifetime budget (3) and the market-clearing restriction (5).

Government. The government—consisting of unified monetary and fiscal authorities—sets interest

rates and taxes. The real rate Ry is set according to the rule
Ry = Z(Co), (6)

for some continuous function % : Ry — R, . Under the assumption of fully rigid prices, Ry is both
the real and the nominal rate, so equation (6) can be interpreted as a Taylor-type feedback rule for the
nominal rate. Later, we will consider both partially sticky prices and more general interest rate rules.

Turning to fiscal policy, taxes Tp and T are set according to the following rules:
To=J0(Do,Co,C1,Rp)  and Ty =TJ71(Do, Co, C1, Ro), @)

where 9, : R* — R for t € {0, 1}.° For our main analysis, we furthermore rule out government default as

6Notice that we express the tax rules in sequence form, i.e., as arbitrary functions of the initial debt and the entire



well as government consumption, thus delivering the following two flow budget constraints:
Dy=To+Ry'D;, and D;=T, 8)

where Dy = [D; 1di=Ry [ (DO +Co—Tp— C,-,O) di is aggregate private saving (and so also government
debt issued) in period 0. By combining the two flow constraints in (8), we immediately get the follow-

ing equation, which is commonly known as the government’s intertemporal budget constraint:
Do=To+Ry'Th. 9)

Prior work has debated whether the infinite-horizon, nominal-bonds counterpart of equation (9) is a
primitive constraint, or an implication of consumer optimality (and in particular of the representative
agent’s transversality condition). This distinction will prove immaterial under our lens; all we will

leverage is that rational households understand the validity of equation (9) and of its generalizations.

Equilibria. Below we will characterize and compare two solution concepts: our game representation

and its Nash equilibria; and the standard notion of a competitive equilibrium studied in prior work.”

2.2 Game representation and Nash equilibria

Consistent with the rational expectations hypothesis, we assume that households understand the
economy’s structure, including the government’s behavior. More specifically, we endow them with
direct knowledge of the market-clearing condition (5), the policy rules (6)-(7), and the flow budgets

(8), and thus also of equation (9). Our economy then admits the following game representation.

Game Representation. There is a continuum of players, corresponding to the households. Household
i’s action is the consumption plan C; = (C;,C; 1) € [Ri. Letting C = (Cy, Cy) € Ri be the corresponding

average action, household i’s payoffis given by
1
%(C;,C) = Y. f{U(Ci) - V(C)}-1[Co+ (R(C) ™ C1=Cio—(RCH ' Cia]  (10)
t=0

where [ [*] is a penalty function, with [[v] = M whenever v < 0 and [[v] = 0 otherwise, for some M >
(1+B)supcep, UO).

The logic of this game representation is straightforward. Because rational households understand

that equation (9) must hold regardless of government policy and market behavior, they understand

path of aggregate output and interest rates—(Cy, C1, Ry) here, and {C;, Rt}?zo in our later infinite-horizon extension. This
general specification nests the recursive tax rules that are popular in applied work since Leeper (1991), while also going
materially beyond them: it allows, without strictly requiring, that tax policy be both backward- and forward-looking.

"We use the term competitive equilibrium to refer not only to perfectly competitive markets, but also to monopolisti-
cally competitive markets, thus accommodating price-setting behavior.



that their holdings of government bonds and their tax obligations necessarily net out to zero, and

hence that their intertemporal budget constraint reduces to
Cio+Ry'Cin<Yio+Ry'Vin.

Next, because households understand that the real interest rate satisfies the policy rule (6), and that
their income and labor supply are determined by aggregate spending according to (4) (along with
P; ;= P; =1, as prices are rigid), they in fact understand that their intertemporal budget constraint

even further reduces to
Cipo+(R(Cp)) ' Cin < Co+ (Z(Co)) ' Cr.

In words, households understand that both their permanent income and the real interest rate are
determined by the consumption of other households. Our game representation is then completed by
incorporating the above constraint via a penalty function in the households’ payoffs.®

With this representation in hand, an equilibrium can be defined in a standard fashion as a Nash

equilibrium, i.e., as a fixed point of the households’ best responses.

Definition 1. A Nash equilibrium (NE) is a collection of consumption plans (C;);e[0,1) such that C; €
argmaxg, g2 %(C;,C) forall i, with C= [ C;di.

What are the economy’s equilibria under this solution concept? And how do they compare to those
defined and studied in the literature we are concerned with? We address the first question in the next
theorem, and the second one in Section 2.4.

Theorem 1. There exists a continuum of Nash equilibria and they have the following structure:

1. (Ciejo,1) is a Nash equilibrium if and only if C; = C for all i and C solves the aggregate Euler

equation

U'(Co) = BR(Cy)U'(C). (1D

2. Forany¢ € R, there is an equilibrium in which the discounted present value of aggregate spend-

ing, namely Cy + C1/ Ry, equals .

The proof of Theorem 1 is both straightforward and instructive. Taking the aggregate plan C =

(Co, Cy) as given, the individual plan C; = (C; o, C;,1) is optimal—i.e., it is a best response—for house-

8This last step of including the budget constraint through a penalty function serves the following, non-essential, pur-
pose. In a standard formulation of games, a player’s choice set is not allowed to depend on the choices of other players.
This creates a tension with any application in which an agent’s feasibility set depends on endogenous outcomes. The
tension is resolved here by recasting the infeasible as prohibitively costly.



hold i if and only if it solves that household’s Euler equation and intertemporal budget constraint:

U'(Ciyp) BR(Cy)U'(C; 1), (12)

Cio+[R(CI™Ciy Co+[2(Cy)I L Cy. (13)

Because households have identical and single-peaked payoffs, any equilibrium is necessarily sym-
metric: C; = C for all i. But then equation (12) reduces to the aggregate Euler equation (11), so this
equation is necessary for equilibrium. To prove that this equation is also sufficient, pick any C that
solves this equation and let C; = C for all i. Then, both (12) and (13) are satisfied for all i, which verifies
that C is an equilibrium and completes the proof of Part 1. The existence of a continuum of equilibria
is then immediate: just pick an arbitrary Cy and solve (11) for C;. The proof of Part 2 is completed by
verifying that, by varying the solution of (11), we can match any value ¢ > 0 for the discounted present
value of C. This last, more technical, step is relegated to the Appendix, while the economic essence is

further discussed below.

Strategic complementarity and equilibrium multiplicity. To illustrate the origin and nature of the
equilibrium multiplicity, it is instructive to start with the special case in which %(s) = 7}, i.e., a mon-
etary authority that pegs the interest rate at a value equal to the households’ subjective discount rate.
In this case, an individual’s optimal consumption is constant across time and is equated to its perma-

nent income, just as in Friedman (1957):
= Cii= LV by
Cio=Cip=1pYio+5Yi1

It follows that, if household i expects other households to spend ¢ in both periods, then it also expects
its permanent income to be ¢, and thus best-responds by spending ¢ in both periods, closing the cycle.
Away from this special case, the interest-rate rule 2 (e) regulates the slope of aggregate spending over
time, but still leaves its present discounted value—or the permanent income—indeterminate, and so
the essence of the argument is unchanged.’

Zooming out, we see that equilibrium multiplicity is rooted in two model properties (which later
will directly extend to the infinite-horizon context): first, that the households’ cumulative, lifetime,
marginal propensity to consume (MPC) is one; and second, that income is demand-determined in all
periods. Together, these properties imply that the overall, intertemporal, degree of strategic comple-
mentarity in household spending is exactly one, delivering a continuum of equilibria.

We provide a visual illustration of this point in the left panel of Figure 1. The two properties

stressed above—a lifetime MPC of 1, and demand-determined output—translate to a best-response

Istrictly speaking, an additional source of multiplicity is possible if 2 (s) is sufficiently non-linear: the same level of per-
manent income could be consistent with different time profiles of spending. Since most of the literature (log-)linearizes,
this possibility is not present there and is thus irrelevant for our main purposes. See Appendix C for details.
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Figure 1: Schematic representation of individual best responses to aggregate consumption in our
economy (left panel), and with weakened strategic complementarity (right panel).

mapping from aggregate to individual consumption (averaged across periods) that overlaps perfectly
with the 45-degree line, delivering a continuum of equilibria. This illustration however also hints at
the following idea: if we could somehow reduce the strategic complementarity between individual
and aggregate spending, we could obtain uniqueness, as in the right panel of Figure 1. We will provide

such a pathway in Section 4, via a refinement of far-ahead beliefs in the infinite-horizon case.

The aggregate Euler equation. An integral part of Theorem 1 is the sufficiency of the aggregate Euler
equation (11). To understand this sufficiency, note that budget constraints bite at the individual level
because households take their income as given. At the aggregate level, however, income is itself de-
termined by aggregate spending (because output is fully demand-determined), so the representative
agent’s budget is automatically satisfied for any C that solves equation (11). In short, the sufficiency

of the aggregate Euler equation is the mirror image of the multiplicity mechanism discussed above.

2.3 From rigid to sticky prices

In this section, we let prices be “sticky” instead of fully rigid, in the following sense: prices can be
adjusted each period, but only at a cost (as in Rotemberg, 1982). This will introduce a micro-founded
Phillips curve and will smooth-paste to the general RANK setting of Section 3, but will not change our
lessons regarding the nature of the equilibrium multiplicity and the payoff irrelevance of fiscal policy.

Any predictions about inflation—and, later, about nominal debt erosion, too—will be purely ancillary.

Extended environment. Each household is still both a consumer and the monopolist of the differ-

entiated good it produces. The only change is that it can now optimally set the price of this good,
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subject to an adjustment cost. Specifically, changing the period-t price from P; ;) to P;; requires
k1 g(P; t-1,P; ;) additional units of labor, where g : [R{i + — Ry attains its minimal value of zero only
when P;; = P; ;—; and x € (0,00) parameterizes the degree of price flexibility. Production remains
linear in labor, so i’s total labor and real income are, respectively,

Piy— _ Piy1-
Li,t:(T’tt) ‘Citx lg(Pi,t—I:Pi,t)y Yi,t:(T’tt) °Cy. (14)

The first term in L; ; is the labor required to meet demand, and the second is the price-adjustment
cost. Finally, all households are again endowed with the same initial real wealth Dy and pay the same
lump-sum taxes Ty and Tj.

As in Rotemberg (1982), the adjustment cost g(e) micro-founds a Phillips curve, that s, a structural
relation between real quantities and nominal prices, which will be denoted by 22(e) in Theorem 2
below. Unlike Rotemberg (1982), we wish this relation to be well-defined and single-valued globally,
and not only locally in the neighborhood of zero inflation. Put simply, we wish to rule out “backward
bending” Phillips curves, in keeping with the related literature. To guarantee this, we assume that the
labor disutility V' (e) is linear and the adjustment cost g(e) satisfies two regularity conditions, stated as

Assumptions A1-A2 in the proof of Theorem 2. All other assumptions on the model are unchanged.'°

Revising the main lessons. We now verify that the lessons of the previous section extend for any

degree of price stickiness, i.e., for any « € (0,00). We start with the game representation.

Game Representation. Household i’s action is the vector (C;,P;) € RY ., describing how much it spends

as a consumer and what prices it sets as a producer. Its payoff is given by
1
% (C,P;CP) = Y B{U(Cii) - (PP, Cl)
t=0
—1[%¥ (Pj,0, Po, Co) + (R(C) ¥ (P;1,P1,C1) — Cig— (R(Cp)) ™ Ci1]

1 o
where C; = [ C;di and Py = ([ P} ¢ di)™ capture the aggregate actions, £;(P;, P;,C;) = (%’) °Cr+
k1 g(P; -1, Py ;) captures i’s disutility of labor in period t, % (P; ;, Py, Cy) = (PPL:)I_GCt captures i’s real

income in period t, and | [] is the same penalty function as before.

This representation contains three natural modifications relative to its rigid-price counterpart.
First, each household now chooses, not only a consumption path C; = (C;,C; 1), but also a price
path P; = (P;, P;1). Second, a household’s income depends both on aggregate spending and on its
relative price (essentially, its relative wage). And third, the price adjustment cost enters payoffs via the

disutility of labor. Notwithstanding these modifications, the following two key properties carry over

101 particular, we continue to assume (6), which can now be reinterpreted as the following Taylor rule: Iy = I1; Z(Cp),
where I is the nominal interest rate between periods 0 and 1 and I1; = P;/Py is the corresponding inflation rate. More
general feedback rules from inflation and output to nominal rates are accommodated in Section 3.
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from the case with rigid prices: that fiscal policy is payoff irrelevant; and that individual income scales

one-for-one with aggregate spending. We thus have the following extension of Theorem 1:

Theorem 2. There exists a function & : R?, — R2,, which is invariant to fiscal policy, such that the
path of aggregate spending C = (Cy, C1) and the path of the price level P = (Py, P1) constitute a Nash

equilibrium under sticky prices if and only if:
1. Cis a Nash equilibrium under rigid prices.

2. P=22(Q).

Equilibrium now makes predictions not only about the path of real spending and output, but also
about the path of the nominal price level. The price path is pinned down by the output path via a
Phillips curve (i.e., the function &2 above), which itself is invariant to fiscal policy; and the output
path itself is still characterized by Theorem 1. The scope and nature of the equilibrium multiplicity is
thus exactly the same as in the case with rigid prices, and any implications about inflation are purely
ancillary. For instance, a helicopter drop of government bonds can be inflationary only if it triggers a

real boom in household spending, and such a boom must still be entirely self-sustained.

2.4 Competitive equilibria and active fiscal policy

Our preceding analysis agrees with Cochrane (2011, 2023) that equilibrium indeterminacy cannot be
resolved by interest-rate policy, but contradicts the FTPL literature’s opposite conclusion regarding
fiscal rules. This disagreement reflects a subtle but important difference in the solution concept. In
this section, we thus compare our economy’s Nash equilibria to its competitive counterparts; and in

Section 2.5, we provide an economic interpretation of the differences between the two.
CE definition. We start by defining a competitive equilibrium (CE) for our setting.!!
Definition 2. A collection of ((Ci, Pi)ici0,11,C P, Ry, To, T1) is a competitive equilibrium (CE) if:

1. Forall i, the pair (C;,P;) maximizes (1) subject to (3) and (14), and the corresponding aggregates
1/(1-¢)
are C; = [C; ;diand P, = (fPl.lfdi) ‘

2. The policy rules (6) and (7) are satisfied.

Since production is subsumed in the household problem, Condition 1 imposes not only optimal

consumption-saving behavior but also optimal price-setting behavior, and embeds market clearing in

"'We continue with the relaxed, sticky-price setting of Section 2.3. The earlier scenario with fully rigid prices is of course
nested by fixing P; ; = 1 in all the subsequent statements.
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equation (14). Condition 2, on the other hand, requires that the interest rate and taxes satisfy the cor-
responding policy rules. Finally, notice the following: echoing the FTPL literature, Definition 2 does
not a priori impose equation (9), the government’s intertemporal budget constraint; nevertheless, by

Walras’s law, this equation has to hold in every competitive equilibrium.!?

CEsvs. NEs. We are now ready to map the set of competitive equilibria (CE), as defined above, to the

set of Nash equilibria (NE), as previously defined and characterized.

Proposition 1. The collection (C;,P;);c(0,1) is part of a Competitive Equilibrium (CE) if and only if it is
a Nash Equilibrium (NE) and, in addition, the aggregate consumption path solves

Do = F4(Dg, Co, C1, R(Cy)) + R(Cy) " T (Do, Cy, C1, Z(Co)). (15)

It follows that every CE is necessarily a NE, but the converse need not be true: to check if a given
NE is also a CE, one must check whether (15)—which equates initial government debt to the present
discounted value of taxes—is satisfied. Put differently, one can find the economy’s CEs in two steps.
First, find the economy’s NEs. Next, keep any NE such that the associated consumption path (Cop, C;)
satisfies equation (15), and disregard any NE that fails this test.

Clearly, fiscal policy does not enter the first step, which we completed in Theorem 1, but looms
large in the second step, because it enters equation (15). To characterize when this has bite, in the

sense of excluding some NEs, we introduce the following classification.

Definition 3. Fiscal policy is passive if the tax rule I (e) satisfies the following restriction for every
(Do, Co,C1,Rp) €R3 x Ry :

Dy = F9(Dy, Co, C1, Ro) + Ry ' T1(Dy, Cy, C1, Ro). (16)
Fiscal policy is active otherwise.

In words, fiscal policy is passive if taxes adjust to ensure that the government’s intertemporal bud-
get constraint holds regardless of the initial debt burden, the path of aggregate spending, and the real
interest rate—and it is active if the opposite is true. This definition and its upcoming infinite-horizon
extension are identical in economic essence to that in Leeper (1991), though going beyond that pa-
per’s particular focus on bounded, log-linearized systems. Going back to Proposition 1, we now obtain

a sharp characterization of how fiscal policy shapes CEs, in spite of its irrelevance for the set of NEs.

Theorem 3. A CE always translates to an NE, but the converse depends on the fiscal rule:

1. When fiscal policy is passive, every NE translates to a CE.

1270 see this, note that household optimality requires that the lifetime budget constraint (3) is satisfied with equality for
all i; aggregating this across i, we immediately get Zy = 0, or equivalently equation (9).
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2. For each NE, there exists an active fiscal rule such that this NE translates to the unique CE.

As shown in Theorem 1, the economy admits multiple NEs, because permanent income is demand-
determined, and the set of NEs is invariant to fiscal policy, because rational households understand
that government bonds are not net wealth. When fiscal policy is passive, equation (16) is automati-
cally satisfied in all NEs, so the sets of NEs and CEs coincide, and equilibrium is indeterminate under
either solution concept. When instead fiscal policy is active, equation (16) may be satisfied for some
NEs but not others, and so fiscal policy can now shape the set of CEs in spite of its irrelevance for the
set of NEs. In fact, for any given NE, it is straightforward to design a fiscal rule 9 (e) such that (16) is

satisfied only for that NE; an active fiscal rule can thus select a particular NE as the unique CE.

An example. To illustrate how active fiscal policy works under the CE concept, consider again the
case in which the interest rate is pegged to Ry = ! and recall that the set of NEs then corresponds
to Cp = C; = ¢ for arbitrary ¢ > 0. Next, let the fiscal authority be “active” in that it sets lump-sum tax
revenue equal to a fixed share of aggregate income. That is, let Jy(s) = 7,Cy and 1 () = 7,Cy, for

some fixed 7 € (0, 1). Equation (16) then becomes

Do=1y5 +PT1)¢ (17)
—— =
To  R'M
Clearly, this equation pins down a unique ¢, namely ¢ = ¢* = (HDT‘;”, so the corresponding NE emerges

as the unique CE. Intuitively, households coordinate on whatever level of spending it takes to sup-
port the assumed fiscal rule in equilibrium. Furthermore, as we raise Dy for given 7, we raise ¢*:
household spending increases with a “helicopter drop” of government bonds. Along this unique CE,

Ricardian equivalence thus fails despite households being Ricardian.

Link to FTPL. We will build a precise bridge between the above example and the FTPL in Section 3.5,
but the main idea is easy to convey. When government debt is nominal, its real value in period 0 is no
longer historically predetermined. Instead, it depends on inflation, which in turn depends on aggre-
gate spending via the Phillips curve. As a result, aggregate spending may enter both sides of the gov-
ernment’s intertemporal budget constraint, or of equation (17) in our example. This does not change
the essence of how active fiscal policy selects a particular NE as the unique CE, but it may change the
particular NE that supports any given active fiscal policy. Intuitively, any given self-sustained boom
in spending translates to more inflation and more debt erosion when the Phillips curve is steeper, so

the same taxes can then be supported with a smaller boom.

Perfectly flexible prices. This section has allowed an arbitrary degree of price flexibility, except for

perfectly or infinitely flexible prices (“k = c0”). In this knife-edge case, two fundamental properties of
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the New Keynesian model cease to apply: output is no longer demand-determined, and inflation is
no longer tied to output via a Phillips curve. This manifests as a discontinuity of the equilibrium set
at k = co and underscores, once again, that the real indeterminacy at the heart of the New Keynesian

model is different from the nominal indeterminacy emphasized in Sargent and Wallace (1975).13

2.5 Discussion

Our solution concept and its CE counterpart disagree on whether an active fiscal policy can induce a
unique equilibrium and force fluctuations in household spending and inflation. However, regardless
of the solution concept, the following statements all hold: (i) an active fiscal policy can be supported
in equilibrium if and only if household spending takes a particular value, such as {* in our example;
and (ii) since households are Ricardian, fiscal policy has no wealth effects in equilibrium, and so the
requisite spending is entirely self-sustained. The plausibility of equilibrium selection via active fiscal
policy thus boils down to the following question: can the government guarantee that households will
coordinate on a specific level of spending, such as Cy = C; = ¢* in the above example?

We interpret our results as a negative answer to this question. By virtue of their rationality, Ri-
cardian households should be able to understand that, conditional on the others’ behavior, any fiscal
operation—the design of the fiscal rule F (), helicopter drops of government bonds, or even default—
is irrelevant for their lifetime budgets. Ricardian households may therefore disregard the fiscal rule,
coordinate on a different level of spending (i.e., on ¢ # ¢* in our earlier example), and ultimately com-

pel the government to adjust taxes, or else default.'*

Next steps. The remainder of the paper will achieve three purposes. First, we will show that all the
lessons of this section extend seamlessly to a more general RANK setting, featuring infinite horizons,
general Phillips curves, and nominal debt (Section 3). Second, we will propose a new and, in our as-
sessment, more credible way of dealing with equilibrium multiplicity (Section 4); as our refinement
will be designed to arrest self-fulfilling forces, it will rule out any fiscal influences on output and in-
flation, will guarantee monetary dominance, and will preclude any monetary-fiscal interactions in

RANK. With this backdrop, we will finally turn to what we view as the more suitable framework for

13In Sargent and Wallace (1975), real quantities are fixed by endowments and the nominal price level is a free variable. In
the New Keynesian model, this is reversed: prices are pinned down by quantities via the Phillips curve, but now quantities
are themselves indeterminate. Theorem 2 has sharpened this point by showing that, in our two-period setting, the real
indeterminacy problem under sticky prices is exactly the same as that under rigid prices. Section 3 will extend this lesson
to the canonical, infinite-horizon, New Keynesian model. Finally, whether the discontinuity at x = oo reflects a limitation
of the New Keynesian framework or a limitation of flexible-price models is a foundational question outside the scope of
our paper. Here we are simply stressing a fundamental difference between these frameworks and, by extension, between
sticky- and flexible-price approaches to the study of monetary-fiscal interactions.

14We allow for default in Appendix B.1. There, an active fiscal rule that is consistent with a unique CE without default
becomes consistent with a continuum of CEs with default, with the new equilibria featuring haircuts on government debt.

16



thinking about monetary-fiscal interactions: one featuring non-Ricardian consumer behavior along

with robustness to our refinement (Section 5).

3 The infinite-horizon economy

We extend the analysis to an infinite-horizon economy—a setting that more accurately represents the
textbook New Keynesian model (e.g. Gali, 2008), the modern, sticky-price version of the FTPL (e.g.,
Cochrane, 2017, 2018), and the related literature on monetary-fiscal interactions. Our analysis pro-
ceeds largely in parallel to that of Section 2: we describe the environment in Section 3.1, characterize
Nash equilibria in Section 3.2, and translate those to competitive equilibria in Section 3.4. Differently
from before, here we further add two separate subsections, Section 3.3 and Section 3.5, connecting
our analysis, respectively, to existing treatments of local and global determinacy, and to the logic and

canonical predictions of the FTPL.

3.1 Environment

Time is discrete and infinite, indexed by ¢ € {0, 1,...}. There is a continuum of households, who con-
sume, save, and supply labor; a continuum of monopolistic firms, which use the households’ labor to
produce differentiated intermediate goods; a competitive retailer, who uses those intermediate goods
to produce the single final good, which in turn is consumed by the households; and a government,
which sets interest rates and supplies the only asset in the economy. That asset is a risk-free real bond
in our baseline specification and a nominal bond in the extension of Section 3.5. For clarity, we finally
abstract from aggregate risk and study how perfect-foresight equilibria depend on the initial level of
public debt, the timing of taxes, and the fiscal and monetary rules.'®

The remainder of this section describes all model parts in detail. Zooming out, the key insight will
be that the heart of the model continues to be the fact that output is demand-determined. This will
give rise to basically the same feedback loop between lifetime spending and permanent income as
that articulated in our two-period setting, now simply translated to the infinite-horizon case and also

augmented with a more flexible Phillips curve.

Households. Household i has preferences given by

Y BIUCi) - V(L]
t=0

15By the well-known equivalence between linearized perfect-foresight transition paths and first-order perturbation so-
lutions of stochastic economies, our conclusions also immediately extend to the question of whether equilibrium out-
comes respond to fiscal shocks in a stochastic extension.
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and its intertemporal budget constraint is

o0 o0
ZQtCi,tSDO"‘ZQt(Yi,t_Tt), (18)
t=0 t=0

where C; ;, L; s, and Y; ; are consumption, labor supply and income in period #, Q; is defined by Qg =1
and Q; = H;;(l) 1’?5‘1 V't =1, with R being the real interest rate between periods s and s+ 1, Dy is the ini-
tial level of government debt (and so also private wealth), T; are the uniform real taxes paid in period ¢,
and finally the functions U(s), V (e) satisfy the same properties as in Section 2.'° The household’s total
incomeis Y; ; = W;L; ; + X;, where W; is the real wage and X; are firm profits distributed uniformly as
dividends. To simplify, we let labor supply be intermediated and allocated uniformly by labor unions,

so that L; ; = L, for all i, ¢. It then also follows that all households make the same income, Y; ; = Y;.

Firms. The final good is produced by the usual CES composite of a continuum of intermediate
goods, with each intermediate good being supplied by a monopolistic firm. For our main analysis,
we make the following reduced-form assumptions about the supply side of the economy. First, all
firms operate the same technology, produce the same quantity, hire the same amount of labor, and

set the same price. Second, this price adjusts mechanically according to a general Phillips curve:
;= 2, ({Y1}52,) V=0, (19)

where I1; = P;/P;_; is the gross inflation rate between ¢ —1 and ¢ (with P_; normalized to 1), and
2P (e) is an arbitrary, possibly time-varying, function. Finally, the amount of labor hired by the typical
firm satisfies L; = %, (Y, I1;), for some function Z;(e). We furthermore continue to abstract, as in
our two-period setting, from any physical upper bound on labor supply and output, as well as from
backward bending Phillips curves (which would make &2 a correspondence instead of a function).

Using boldface to denote sequences, we finally rewrite our Phillips curve more concisely as
M=2(). (20)

Before proceeding, we conclude our description of the firm and pricing block with further discussion
of the role of our reduced-form assumptions, and of limiting flexible-price outcomes.

Appealingly, treating the functions &?;(e) and Z;(e) as exogenous primitives allows our analysis
to simultaneously be consistent with a range of different possible assumptions on microfoundations.
First, our particular reduced-form structure readily nests a standard Rotemberg-style setting in which
firms pay a (labor) cost to adjust prices; one could readily extend the setting of Section 2.3 to an
infinite-horizon counterpart. While that microfoundation yields inflation as a function of output and

real interest rates, we in (19) drop the latter as we will anyway later specify interest rates as a function

16Implicit in equation (18) is the requirement that the infinite sums converge. This in turn is true at least as long as real
income and taxes are bounded and the discount factors are summable. We will verify these properties in our upcoming
analysis.
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of economic activity.17 Second, relative to such standard microfoundations, our formulation allows
the Phillips curve to be more flexible, featuring a dependence on both past and future output—as,
for example, in the so-called hybrid NKPC. Similarly, our formulation can be consistent with nomi-
nal rigidities in either prices or wages, as all that matters for our purposes is that output is demand-
determined. In particular, switching between price or wage rigidities naturally changes the cyclicality
of the real wage and thus the split of total income between wages and dividends, but this split is in-
consequential with a representative consumer. In summary, our assumptions on the supply side at
the same time allow us to be appealingly general and yet materially simplify our upcoming game rep-
resentation by letting the households be the only explicit players, just as we did in the two-period,
Phillips-curve setting of Section 2.3.

For future reference, we will also define the flexible-price output level corresponding to our econ-

omy. We define that output level as the solution to the equation
U,(Y*) — HV,(Y*),

for some u = 1 that captures the monopoly distortion (net of any corrective subsidy). The Phillips
curve (19) is such that this output level is consistent with zero inflation, i.e., if Y; = Y*Vt, then (19)
returns I1; = 1V ¢. This flexible-price output level will play a key role in our connection to prior work

in Section 3.3 and in our refinement in Section 4.

Government. Echoing our two-period analysis, we assume that the government sets the paths for

real interest rates as well as taxes (or surpluses). The monetary policy rule is
R=%(Y,e"), (21)

where the variable €™ captures possible exogenous variation in monetary policy.'® (21) is our general-
ized version of a Taylor-type rule for monetary policy, and can be interpreted in two interchangeable
ways. Most literally, we can let the monetary authority directly set the real rate of return on govern-
ment bonds. And less literally, we can introduce a nominal bond (in zero net supply here, or in positive
net supply in Section 3.5 below) and let a monetary authority set the nominal rate on this bond ac-
cording to I = .# (I1,Y,e™), for some Taylor rule .#(e); together with the Phillips curve, this translates
to R=2 (Y,e™), for a unique 2 (e) that is a composite function of .# () and Z2(e), so it is now as if the
real rate is set as a function of the state of the economy. Finally, we do not a priori impose the Taylor

principle or any other restriction on .# (s) or Z2(s)."?

17The labor function %, (s) features output directly because of production, and inflation because of price adjustment
costs. An identical relation would hold with a Calvo microfoundation, just now with inflation reducing the economy’s
effective total factor productivity by distorting relative prices and thereby the cross-sectional allocation of labor.

8Throughout the remainder of the paper we maintain €/ > 0 for all ¢.

9We only preclude fiscal variables such as the initial debt Dy and the sequence of deficits from entering into Z2(s). As
discussed in Section 4.3, relaxing this assumption may capture a central bank that cares directly about fiscal conditions,
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Next, the fiscal rule for taxes is
T:?T(DO,Y,R,ef), 22)

where e/ now captures possible exogenous variation in fiscal policy. This rule is our generalized ver-
sion of a Leeper rule for fiscal policy, herein stated in a sequence form (instead of a recursive form).

For the time being, we impose no restriction on J . In particular, we note that the flow constraint
D1 =Ri(D—T1) (23)

does not restrict at all the set of possible 9, simply because for any path of 7; one can construct the
path of D; using the above equation. A non-trivial restriction obtains if we add the familiar no-Ponzi

condition, i.e., that lim;_ . ([] é;(l) R;I)D + = 0. One can then arrive at the relation
Do =NPV(T,R), (24)

where the operator NPV(e) returns present discounted values, i.e., NPV(X,R) = 372 (Hg;(l) Rs_l) X;.
As discussed in the previous section, the literature has debated whether equation (24) is a primitive
constraint or an equilibrium restriction (Cochrane, 2005, 2023), and Appendix B.2 addresses this issue.
Briefly, the essence is that rational households understand the validity of equation (24), not how many

steps of reasoning it takes them to arrive at this equation.

Equilibria. The next two sections characterize the equilibria of our infinite-horizon economy, pro-
ceeding in the same fashion as in Section 2: we first study Nash equilibria, and then relate our solution

concept to the competitive equilibrium counterpart used in the literature.

3.2 Game representation and Nash equilibria

At the heart of our solution concept is the same elementary assumption about rationality as in our
two-period analysis: rational households understand that their bond holdings and tax obligations
cancel, as well as that their employment and income are determined by aggregate demand. It follows

that our infinite-horizon economy translates to the following game.

Game Representation. There is a continuum of players, corresponding to the households. Household
i's action is the consumption plan C; = {C; ;}72, € RY. Letting C = {C}72,, be the corresponding average

action (with C; = [ C; +di for all t), household i’s payoff is

U (Ci,C,e™) = i ﬁf{U(c,-,t) - V(fft(Ct,@t(C)))} —1[NPV(C-C;,2(C.e™))], 25)
t=0

or that yields to political pressure to accommodate fiscal deficits. This, however, is not the mechanism in Leeper (1991),
Cochrane (2011, 2023), and all the literature we are concerned with.
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wherel(e) is a penalty function analogous to that in Section 2.2, adapted to the infinite horizon.*°

This game representation exactly echoes that of Section 2.2: the first term in the right-hand side
of (25) is the household’s lifetime utility, taking into account the fact that L; ; is pinned down by C,
while the term inside the penalty captures the household’s lifetime budget constraint, equaling the
difference between the present discounted values of income and spending, and taking into account
the fact that Y; ;, too, is pinned down by C. Leveraging this representation, and defining Nash equi-
libria as the fixed points of the corresponding best response (i.e., exactly as in Definition 1), we reach

the following result, which extends Theorems 1 and 2 to the present context.

Theorem 4. The economy’s Nash equilibria have the following structure.

1. (C))iejo,1) is a Nash equilibrium if and only if C; = C for all i and C satisfies the aggregate Euler

equation
U'(Cy) = BR:(C,e™U'(Cri1) V1, (26)
along with the restriction NPV (C, %(C,e™)) < oco.

2. Suppose that Z;(e) is continuous and uniformly bounded away from 0 and oo for all t, and that
R.(¢) = B~ for t = T where T is arbitrarily high. Then, there is a continuum of Nash equilibria:
foreach & € R*Y, there exists an equilibrium with NPV(C, Z(C,e™)) = ¢.

The core insights of our two-period analysis thus extend seamlessly to the present, richer, infinite-
horizon setting. First, the Euler equation is again not only necessary but also sufficient for character-
izing aggregate equilibrium outcomes, subject to a minor qualification: to make sure that the house-
hold’s problem is well defined, permanent income must be finite, which yields NPV (C, %Z(C,e™)) < co
as an additional equilibrium condition.?! The transversality condition is instead redundant, for the
reason anticipated above: the intertemporal budget constraint is automatically satisfied for any path
that solves the Euler equation and has a finite present value. Second, the equilibrium set is invariant
to the fiscal rule J (s), initial debt Dy, and the fiscal disturbance €/, simply because all of these ob-
jects are payoff-irrelevant. By contrast, the equilibrium set naturally depends on the monetary rule
% (e) and the monetary shock €. It follows that fiscal variables can serve only as sunspots (i.e., coor-

dination devices), whereas monetary policy can matter both as a fundamental (i.e., via payoffs) and

208pecifically, the penalty constant must now satisfy M > ﬁ supceg, U(C), replacing the two-period bound of M >
(1+ B)supceg, U(C), so that the penalty exceeds the maximum attainable lifetime utility from any deviation.

2lwith infinite horizons, this condition cannot be taken for granted. It is, however, immediately satisfied for all solutions
of the Euler equation if 2(e) is such that the real rate stabilizes eventually at ! regardless of C. This is assumed in part
2 of Theorem 4 in order to simplify the proof of multiplicity, but it is not strictly needed. See Proposition 2 for how our
multiplicity result applies even in an economy where a Taylor rule lets the real rate explode over time.
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as a sunspot. We will isolate the fundamental role of monetary policy in Section 4. Finally, the econ-
omy continues to admit multiple equilibria and for the same reason as before: income is demand-
determined, and the lifetime MPC equals one, so the effective strategic complementarity is also one.
The logic is yet again easiest to see if the real rate is pegged at 7! throughout. Pick any C > 0 and
suppose that all households j # i spend C; = C in all periods; then, household i’s permanent income
is Yl.perm =(1-P X, B°Ys = C and its best response is just to spend C; ; = Yl.perm = C in all periods,
which closes the loop. To prove part 2 of Theorem 4, suppose now that the real rate is pegged at !
only after some finite date 7. Households can coordinate on an arbitrary level of spending at ¢ = T by
the above logic; but different expectations of aggregate spending after T translate to different expec-
tations of permanent income also before T, ultimately supporting multiple equilibria throughout.
Finally, it is worth noting that the assumption in part 2 of Theorem 4 that Z,(¢) = ! for r = T
is a condition that facilitates the proof under general monetary rules and utility specifications, rather
than an essential ingredient of the result. In Section 3.3, we specialize to the standard isoelastic utility
and Taylor-type rule used in the applied literature, and show that the same multiplicity conclusion ob-
tains without this restriction; this specialization also allows us to connect our analysis to the applied

literature on local and global determinacy.

Multiple equilibria vs. multiple steady states. The above argument shows immediately that the
New Keynesian model admits a continuum of steady states: because in this model output is always
demand-determined, output can depart from the flexible-price benchmark not only in the short to
medium run but also in the long run. We will further elaborate on this point in the next section, where
we explore connections between our analysis and conventional treatments of equilibrium multiplic-
ity, and it will loom large in Section 4, where we use anchoring to the unique flexible-price steady state

to deal with equilibrium multiplicity.

3.3 Uniqueness, determinacy, and the Taylor principle in prior work

Theorem 4 established the multiplicity of Nash equilibria without reference to the Taylor principle.
This conclusion contrasts with the focus of a vast applied literature on the role of the monetary policy
reaction in ensuring (bounded) equilibrium uniqueness (e.g., see Gali, 2008). We here explore the
connection between the two, substantiating our claims that the income-spending complementarity

is the source of equilibrium multiplicity in the New Keynesian framework.

Adjusted environment. To speak as transparently as possible to standard practice in the prior liter-

ature, we specialize our environment in three ways. First, we let preferences take the familiar power
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form, namely U(C) = 3=

, thus delivering the following Euler equation
Ct = (,BRt)_UCt+1,

where o > 0 is the elasticity of intertemporal substitution.?? Second, we let the monetary authority set

the nominal rate according to the following Taylor-type rule:

_ p-l¥
I;=p Ht+1€;‘n’

where ¢ € R parameterizes the policy reaction to inflation and €* captures exogenous variation in

policy, as before. And third, we assume that the Phillips curve takes the following special form:
M1 = (Y /Y)Y,

where Y* > 0 and x > 0 represent, respectively, the flexible-price steady state and the slope of the

Phillips curve. In this special case, the real interest rate rule becomes
Ry =71 (Yl Y ™) e,

with ¢ = (¥ — 1)x. Zooming out, we note that we make these assumptions because they allow our
model to mimic the textbook, three-equation version of the New Keynesian model, but without re-

quiring a local approximation—our analysis remains global.
Revisiting equilibrium multiplicity. We now arrive at the following variant of Theorem 4.

Proposition 2. Suppose that U(C) = %/7;1 and R,(s) = B~ 1Y/ Y*)P€™, witho # 1, o¢p > —1, and
€™ =1 for t large enough.*® There is a continuum of Nash equilibria, supporting a continuum of values

for NPV(C, Z(C)).

Exactly as in Theorem 4 we see that there is equilibrium multiplicity—again in the strong sense of a
continuum of equilibria supporting a continuum of spending values of NPV(C, % (C))—independently
of the Taylor rule coefficient ¢. In fact, generalizing Theorem 4, we here do not assume that %, (e) =
B~ for t = T where T is arbitrarily high; the Taylor-type rule now is followed forever, and yet the global

multiplicity conclusions survive. The remainder of the section comments further on the role of ¢.

Therole of ¢. We consider three cases in turn: ¢ < 0 (i.e., passive monetary policy), ¢ >0 (i.e., active
monetary policy), and ¢ = 0. In the first case, which the literature customarily associates with indeter-
minacy, the Euler condition admits a continuum of solutions, all of which converge to Y*. And since

all these solutions trivially deliver a finite permanent income, they all correspond to (Nash) equilibria.

21f g > 1, then U(s) is unbounded from above, and so the penalty function in our game representation must be adjusted:
to make sure that the household never violates its intertemporal budget, we let the penalty be [[g;C;] = 0 when g = 0 and
Ilg;Cil=M+Y,B'U(C; ;) when g <0, where M >0 and g is the gap between resources and expenditure.

Z3The first two restrictions (o # 1 and o¢ > —1) rule out knife-edge cases; the last restriction merely sharpens the expo-
sition by having the exogenous disturbance vanish after some time.
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While thus all equilibria share the same steady state, they are supported by the very spending feed-
back mechanism we stressed before, in the formal sense that there is a one-to-one mapping between
paths of spending and equilibrium values of permanent income (see Appendix C). In other words, the
entire multiplicity in this familiar case is actually due to the feedback between lifetime spending and
permanent income that we stress.?*

The second case, an active monetary reaction, is typically associated with local determinacy. Anal-
ogously, in our global analysis here, only one solution to the Euler condition converges to Y *—the
unique bounded, or locally determinate, equilibrium considered in applied work. The Euler equation
nevertheless also admits a continuum of other solutions, none of which converge to Y* and yet de-
liver finite permanent income, and are thus proper equilibria. Among these “unbounded” equilibria,
those featuring consumption diverging to infinity (when o < 1) stretch our simplifying assumption
that supply can be arbitrarily high; those converging to zero (when o > 1), however, do not have this
problem and translate to self-fulfilling liquidity traps once the zero lower bound on nominal rates is
taken into account (Benhabib et al., 2001). Furthermore, all these equilibria become bounded if the
economy'’s horizon is finite (as in Section 2) or if the monetary authority switches to stabilizing the
real rate at S~! at long horizons (as in Theorem 4). It follows that the familiar distinction between
local and global determinacy is in fact an artifact of auxiliary assumptions; ultimately, the feedback
between lifetime spending and permanent income in a fully demand-determined economy remains
the fundamental source of equilibrium multiplicity.

The third case, ¢ = 0, corresponds to a time-varying peg for the real rate, and is closest in spirit to
our (eventual) assumptions on monetary policy in Theorem 4. In that case there is a continuum of
bounded equilibria, each one centered around a different steady state, and thus distilling the common
essence of all three cases: a continuum of equilibria is possible because, and only because, of the

feedback between lifetime spending and permanent income.

Takeaway. The central takeaway of this section along with Section 3.2 is that, in the New Keynesian
model, the intertemporal strategic complementarity in spending is the common mechanism behind
all of the following: a continuum of steady states; a continuum of equilibria under a time-varying peg
for the real interest rate; and the literature’s discussion of local and global indeterminacy. Echoing the

analysis of our two-period model, below we show how active fiscal policy leverages this multiplicity.

24As already previewed in Footnote 9, an additional type of multiplicity is possible in general: multiple paths of spend-
ing can be consistent with the same permanent income, due to non-monotone or non-linear feedbacks between real
spending and real rates. While this possibility is allowed in Theorem 4, it is tangential to our purposes and irrelevant for
understanding how fiscal dominance works in the existing literature. See Appendix C for a detailed discussion.

258ee Appendix C for a more detailed discussion of these unbounded equilibria, as well as of the escape clauses or
nominal anchors that the literature sometimes appeals to in order to rule out these unbounded equilibria. In Section 4,
we will instead argue that the New Keynesian model needs an appropriate real anchor; once this is present, one does not
have to invoke either a nominal anchor or the Taylor principle.
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In Section 4 we then introduce an equilibrium refinement that, instead, removes it.

3.4 From Nash equilibria to competitive equilibria

We now turn to the mapping between Nash and competitive equilibria. Our analysis proceeds exactly

in parallel to Section 2.4.

CE definition. Let € (D,,Y,T,R) denote the households’ optimal consumption path as a function of
initial private wealth and of the paths of income, taxes, and real interest rates. We can then adapt our

earlier definition of competitive equilibrium to the present setting.
Definition 4. A collection of ((C;);c0,17,Y,IL R, T) is a competitive equilibrium (CE) in the infinite-
horizon economy if:

1. Households optimize, C; = 6 (Dy,Y,T,R) for all i.

2. The output market clears, Y = C = [ C;di, and inflation satisfies the Phillips curve IT = 22 (Y).

3. The monetary and fiscal policy rules hold, R= 2% (Y,€™) and T=J (D,,Y,R,e/).

Condition 1 is household optimality, and so it embeds both the Euler equation and the transver-
sality condition, i.e., the infinite-horizon counterpart of not leaving wealth unconsumed at the end of
one’s lifetime. Conditions 2 and 3, which impose output market-clearing, the Phillips curve, as well
as the policy rules, are similarly direct analogues of our definitions in the two-period analysis. Like
its two-period counterpart, Definition 4 does not presume equation (24), accommodating the FTPL

view that this equation is an equilibrium implication instead of a primitive constraint.®

CEs vs. NEs. We next turn to the mapping between Nash equilibria and competitive equilibria.

Proposition 3. A collection ((C iero,1, Y, ILR, T) is a Competitive Equilibrium (CE) if and only if:
1. (C))iejo,1) is a Nash Equilibrium (NE).
2.Y=C,II=22(C), andR=2% (C,e™).
3. (Y,IL,LR,T) jointly satisfyT=9 (DO,Y, R,ef) and equation (24).
The set of CEs can thus be constructed in the same two steps as before: first, identify all NEs; then,

keep those that satisfy equation (24) under the given fiscal rule  (¢), and discard the rest. As we have

seen, the fiscal rule does not enter the characterization of the set of NEs, since rational households

26To see how equation (24) can be derived as an implication of any CE, take the household’s intertemporal budget con-
straint and rewrite it as Dy = NPV(C; —Y+T,R). Optimality requires that this constraint holds with equality for each house-
hold. Using this fact and aggregating across households yields Dy = NPV(C — Y + T,R). Together with market clearing
(C=Y), this gives Dy = NPV (T, R), which is equation (24).
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understand that government bonds are not net wealth. Fiscal rules can, however, play an equilibrium
selection role: a given fiscal rule can be consistent with a CE—or equivalently, it can be supported by
a NE—only if equation (24), the government’s intertemporal solvency condition, holds. Depending

on the fiscal rule, it is therefore possible that all, some, or none of the economy’s NEs translate to CEs.

Active fiscal policy as equilibrium selection. To make further progress on the equilibrium selection
role of fiscal policy, we yet again introduce the concepts of passive and active fiscal rules, now for our

infinite-horizon setting.

Definition 5. In the infinite-horizon economy, fiscal policy is passive if J (e) is such that equation

(24) holds for all (Dy,Y,R,e/). Otherwise, fiscal policy is active.

With infinite horizons, our definition of passive fiscal rules is more permissive than that in Leeper
(1991) and better aligned with that in Cochrane (2005, 2023): the essential issue is not whether gov-
ernment debt stabilizes and remains bounded, but whether the government is solvent in the present
value sense as in equation (24). A passive fiscal rule always satisfies this requirement, and thus in par-
ticular for every NE; an active rule may fail this requirement for some, or even all, NEs. We thus find

that the two-period Theorem 3 on NEs and CEs under different fiscal rules extends verbatim:
Theorem 5. A CE always translates to an NE, but the converse depends on the fiscal rule:

1. When fiscal policy is passive, every NE translates to a CE.

2. Foreach NE, there exists an active fiscal rule 9 (*) such that this NE translates to the unique CE.

Under the CE concept, active fiscal rules thus play the same equilibrium selection role as in the
two-period framework: it amounts to households coordinating on one out of many possible self-
fulfilling paths of aggregate spending and income. In Section 4 we will argue against the plausibility
and robustness of this selection; first, however, we in the remainder of this section illustrate this se-
lection under particular fiscal rules, making further clear the connections between our treatment, the

FTPL, and the existing literature on monetary-fiscal interactions.

3.5 Revisiting fiscal dominance

We use two examples to illustrate the equilibria selected by active fiscal policy. This analysis allows us

to complete the bridge between our discussion and the familiar predictions of the FTPL.

The “Fiscal Theory of Output”. We begin with a stark example similar to that considered at the end
of Section 2.4: government debt is real, real interest rates are held fixed, and inflation enters neither

the government budget nor the determination of equilibrium output. At first glance, this example
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may appear disconnected from the FTPL and the related literature on monetary-fiscal interactions—
literatures in which government debt is nominal, interest rates move, and inflation takes center stage.
It will turn out, however, that the connection is in fact close, and the example is instructive.

Formally, we assume that the monetary authority pegs the real interest rate to R, = 7! at all dates

t, and that the fiscal authority adopts the following active fiscal rule:
T,=—el +1,Y, V1, (27)

where 7y, € (0,1) is an exogenous scalar and el = {e{ 122, is an exogenous sequence of fiscal (transfer)
shocks. In particular, 7, can be interpreted as the steady-state rate of taxation, eg as an unexpected
date-0 lump-sum transfer, and {e{ }°°, as date-0 news about future lump-sum transfers.”” Given these

assumptions, the government’s intertemporal budget constraint (24) reduces to

f o ot
Do+&y=1,) 'Y, (28)
t=0
where éof =Y%, B e{ captures the exogenous deficit shock, in present-value terms. At the same time,

since the real rate is pegged at 7!, we know that the set of NEs of this economy corresponds to Y; =

C; = ¢ for all ¢ and for arbitrary ¢ > 0. We conclude that (28) is satisfied in an NE if and only if ¢ solves
Do+ = ti57,¢. (29)

A positive deficit shock (higher E(J; ) is thus equivalent to a helicopter drop of government bonds (higher
Dy) and triggers a permanent increase in equilibrium output (higher ¢).

What accounts for these stimulative effects of transfers? By virtue of rational expectations, house-
holds understand both that fiscal policy is payoff-irrelevant and that they can coordinate on multiple
self-sustaining levels of aggregate spending and income, formalized here as multiple NEs and indexed
by ¢. However, for such an outcome to support the assumed fiscal policy and translate to a CE, it must
be that ¢ solves equation (29). In words, of all of the possible self-sustained levels of output, there
is only one that generates the required fiscal revenue to substitute for missing taxes. We therefore
term this model the “Fiscal Theory of Output”—the only lever available to ensure fiscal balance is
movements in output, so fiscal policy pins down the output level.

We finally note that, while here active fiscal policy selects a particular equilibrium level of output,
this has immediate implications for inflation, through the Phillips curve £2(e). The Fiscal Theory of

Output presented here is thus also a theory of the price level, though the implied mapping from fiscal

271f the steady-state tax rate Ty is distortionary, then the flexible-price steady-state output level must be adjusted ac-
cordingly, to the unique solution of uV’(Y*) = (1 —7,)U’(Y™). A similar point applies if the tax shocks are distortionary:
these shocks may then enter the Phillips curve; but unless the monetary authority conditions the real interest rate on them
(either directly or by responding to inflationary pressures), these shocks will still not enter the determination of output. In
any event, these possibilities are absent from the related literature and orthogonal to our purposes.
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deficits to inflation is different from that in the FTPL literature and does not hinge on debt being

nominal. That more familiar mapping is what we turn to next.

The Fiscal Theory of the Price Level. We maintain our previous assumptions about monetary and
fiscal policy, but now allow for a portion (or perhaps all) of government debt to be nominal. The
real value of government debt is then given by Dy = BJ**™/ Py + B;%, where B!'°"™ and B}°" are the
predetermined (as of ¢ = 0) quantities of nominal and real one-period bonds, respectively, and Py is

the initial price level. Rewriting in terms of inflation, we have
Do = (VT +1-v) Dy,

1 are all predetermined. This relation

where Dy = BJ'°™/P_; + Bge“l, v = B}'°"/(P_1Dy), and P_,
simply shows that, if government debt is at least partially nominal, then higher inflation has direct
budgetary implications, reducing Dy by eroding the real value of nominal bonds.

By the payoff irrelevance of fiscal policy, switching from real to (partially) nominal debt leaves the
set of NEs entirely unchanged. What changes is only the mapping from NE to CE, that is, the answer
to the following question: which is the particular NE that supports the given active fiscal policy? To
see the logic as transparently as possible, we will specialize our general assumptions on the Phillips
curve to the simple static special case 2,(Y) = (Y;/Y™*)¥, i.e., a static Phillips curve with slope x > 0.
A given NE associated with an output level ¢ thus now maps to inflation of (¢/Y*)¥, and so for the

intertemporal government budget constraint to be satisfied { must now solve
(V&Y )™ +1-v) Do +&) = t57y&. (30)

In words, households coordinate their spending on the exact level ¢ that balances the government
budget through the combination of an expansion in the tax base and a reduction in the real value of
public debt. Our FTY is nested at one extreme, with v =0, 7, > 0, and the entirety of the adjustment
taking place through the tax base. At the other extreme we get a version of the FTPL, with v = 1,
7, =0, and the entirety of the adjustment taking place through debt erosion. In short, our FTY and the
modern, sticky-price version of the FTPL are two sides of the same coin, translating the equilibrium

selection logic of Section 3.4 into particular predictions for equilibrium output and inflation.

Variable rates and regime switches. Our two examples assume that the monetary authority pegs
the real rate of interest at R, = ! regardless of the state of the economy, and that the fiscal authority
follows the same active rule forever. The literature departs from these stark assumptions, allowing
for endogenous movements in real rates and/or for stochastic switches in the policy regime. These
modifications clearly matter for the exact properties of equilibrium paths; for example, with a strictly

passive monetary rule (captured by ¢ < 0 in the log-linear context of Proposition 2), positive innova-
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tions in fiscal deficits are accompanied by lower real rates and thus induce transitory booms (rather
than permanent booms, as in our above two examples). The essence, however, remains unchanged:
fiscal policy is always payoff-irrelevant; any fiscally-led boom thus has to be entirely self-sustained; in-
terest rates themselves would not have changed if households had instead coordinated on the NE that
keeps spending and income unchanged; and the fiscal authority would have then been compelled to

adjust taxes or default.?8

4 Anchoring far-ahead beliefs

In the preceding two sections, we provided a novel perspective on equilibrium indeterminacy in the
New Keynesian model, and its link to steady state multiplicity; identified the intertemporal feedback
between spending and income as the reason behind the indeterminacy; and argued that neither an
interest rate rule nor a fiscal rule can resolve the indeterminacy.

Informed by these results, we will now propose a refinement that addresses the indeterminacy
problem. Our refinement centers on a simple principle: that the New Keynesian model was designed
to analyze the role of aggregate demand in the short run, with long-run outcomes instead pinned
down exclusively by aggregate supply. Accordingly, as our refinement, we will require that long-run
expectations are anchored to flexible-price outcomes, in a sense made precise below. We then show
that this seemingly mild requirement selects a unique equilibrium. Crucially, in that equilibrium,
fiscal policy has no effect on output and inflation; instead, monetary policy alone regulates these

outcomes, regardless of whether the Taylor principle holds or not.

4.1 The refinement

We will consider the following refinement:

Refinement 1. Households expect the economy to stabilize at the flexible-price outcomes in finite time:

there exists an arbitrarily large but finite date H such that Y, = Y* and R, = R*(= f7}) forall t = H.

The motivation for this refinement was anticipated above. Following a long tradition in Keynesian
thinking, the New Keynesian model seeks to speak to short-run fluctuations. However, the model also
allows transitory shocks to instead drive long-run outcomes: as we have shown, one can construct

equilibria along which the economy converges to steady states other than the unique flexible-price

28That same logic also extends to other popular model alterations, e.g., long-term government debt, or partial fiscal
dominance (e.g., Bianchi and Ilut, 2017; Smets and Wouters, 2024). As we move across the various cases, what changes is
the size of output, inflation, and rate changes that finance a given fiscal shortfall; what does not change, however, is the
economic essence—households coordinate on a self-sustaining boom that substitutes for the missing tax adjustment.
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one and can even choose this steady state as a function of the transitory shocks. In our view, this
is an unintended feature of the model, which we now circumvent via Refinement 1. Moving from
our perfect-foresight set-up to analogous (linearized) stochastic economies, this requirement simply
means that long-run expectations are anchored to neoclassical outcomes, regardless of how policy is
conducted or what shocks hit the economy in the short run.

It is important to note that our proposed refinement requires convergence to the flexible-price
outcomes in finite time, not asymptotically, and we argue that only this stronger requirement actually
represents an adequate notion of anchored beliefs. In our two-period economy of Section 2, equi-
librium outcomes in the short run (captured by period 1) are supported by expectations of different
equilibrium outcomes in the long run (captured by period 2). In the infinite-horizon case, requiring
only asymptotic convergence to the flexible-price steady state—as done in almost all applied work—
means that expectations about the far-ahead future can still play a central role in supporting short-run

outcomes. Our refinement breaks this link, appropriately anchoring long-run expectations.?”

4.2 Unique equilibrium

We now show how our refinement arrests the infinite loop between aggregate spending and perma-
nent income at the heart of equilibrium multiplicity in the New Keynesian model. We start by estab-
lishing this result in a pedagogical benchmark; we next explain the economic logic behind it; and then

finally connect it with familiar textbook treatments.

Exogenous real rate path. Consider a monetary authority that sets the real interest rate as a function
only of time and of exogenous shocks €, but for now not in response to endogenous macroeconomic
outcomes. This scenario is nested in our earlier multiplicity result in Theorem 4 by letting 2, (Y,€}")
be invariant with respect to Y, and in Proposition 2 by setting ¢ = 0. We previously showed that this
scenario best encapsulates the real indeterminacy at the heart of the New Keynesian model, and so

we now use that same special case to transparently explain the logic of our refinement.

Theorem 6. Let the monetary authority peg the real interest rate to #,(Y,e™) = 571", with arbitrary
positivee™ for t < T, arbitrary T = 1, and e = 1 for t = T.>* Next, impose Refinement 1, forany H = T.

Then, there exists a unique NE. In this equilibrium, Y and Il depend on €™ but are independent of e’ .

As discussed previously, without the refinement, this model economy would have featured a con-

tinuum of equilibria, supported by self-fulfilling beliefs about perpetual spending and permanent

29put differently, our refinement makes sure that the theory’s predictions do not hinge on subtle and hard-to-test as-
sumptions about expectations of the very long run responding to short-run forces. Angeletos and Lian (2023) and An-
geletos et al. (2024b) offer complementary perspectives, emphasizing the role of hard-to-test assumptions about social
memory (in the first paper) and policy (in the second paper).

30The assumption thate?” = 1 for t = T, T arbitrarily large, captures that monetary policy shocks eventually die out.
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income. By anchoring expectations of income at far-ahead horizons, our refinement eliminates the
scope for such self-fulfilling beliefs and delivers a unique equilibrium. Along this equilibrium, fiscal
policy plays no role precisely because it is payoff irrelevant—and monetary policy matters exclusively
through its direct short-run effects via the path of real rates, and not by shifting expectations of real

economic activity in the (very) long run.

The logic of the refinement. To transparently see the economic intuition for how the refinement
works, it is useful to specialize even further to the case of outright fixed real rates, i.e., R, = 7! V¢. In
that case, as we already discussed in both Sections 2.2 and 3.2, household consumption is immedi-
ately given by the familiar permanent-income logic:

S

Cii=1-P) ) BV Ve

k=0

Replacing Y;, r = C;4k gives the economy’s best response relation as

Cii=(—-P) Y f*Crox V. (31)
k=0

Since the lifetime cumulative MPC is (1 - ) 332, B* =1, the economy resembles a one-shot game in
which the best response is C; = a+ bC with a = 0 and b = 1, exactly as discussed in Section 2.2. Thus,
just as in the left panel of Figure 1, the best response overlaps with the 45-degree line, sustaining a

continuum of equilibria. Refinement 1 then fundamentally alters this logic, with (31) becoming

H—t-1
Cir=1-p) ) BrCiik+BHTYY Vi< H.
k=0

It is thus now as if, at each date ¢ < H, the best responses are C; ; = a; + b;C with a; = ,BH‘tY* >0
and b; = (1-0) Z]H:‘Ot_l B/ < 1. That is, the economy instead resembles the one-shot game depicted
in the right panel of Figure 1: the best response is (slightly) rotated away from the 45-degree line,
guaranteeing a unique equilibrium.

This exposition illustrates how the multiplicity behind Theorem 4, and by extension the feasibility
of active fiscal policy, are knife-edge. Put simply, any self-fulfilling boom in spending and income

must last literally forever, or else it cannot exist.

Translation to textbook treatments. In Section 3.3, we used Proposition 2 to translate the multiplic-
ity result of Theorem 4 to a setting that mimicked the standard, log-linearized, three-equation version
of the New Keynesian model found in textbook treatments such as Gali (2008). Here, we offer the same
translation for the uniqueness result of Theorem 6. This makes clear that, although that theorem as-
sumed a real interest rate peg in order to transparently show the function of our refinement, the logic

directly extends to the type of feedback rules assumed in applied work.
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Proposition 4. Under the same assumptions as in Proposition 2, but imposing Refinement 1 for arbi-
trary H= T, there is a unique equilibrium, regardless of ¢. In this equilibrium, output (and thus also

inflation) depend on monetary policy, but not on fiscal policy.

Recall that, in Proposition 2, we showed that this textbook special case of our model admitted a
continuum of equilibria regardless of whether monetary policy is passive (¢p < 0) or active (¢ > 0),
and we also explained that this pervasive multiplicity was itself possible because of the feedback be-
tween spending and permanent income. Proposition 4 now shows, exactly consistent with the intu-
ition given above, that this multiplicity disappears as soon as we impose Refinement 1: there is now
a unique equilibrium, independently of whether monetary policy is active or passive. Just as was
the case for fixed real rates, once we anchor expectations of income at long horizons, we reduce the
effective strategic complementarity in spending and thus remove equilibrium multiplicity.3!

Compared to standard practice, our refinement therefore substitutes for both the Taylor principle
and the boundedness requirement: there is a globally unique equilibrium surviving our refinement,
and fiscal policy is irrelevant regardless of ¢, the slope of the Taylor rule. By the same token, if we use a
“King” rule (as in King, 2000; Cochrane, 2011) to separate the equilibrium-selection and stabilization
roles of monetary policy, the former role becomes entirely redundant. This in turn explains why the
equilibrium obtained in Proposition 4 can be readily replicated with a time-varying peg as in Theorem
6—which is to say, once again, that this theorem contains the essence of our refinement, similarly to
how Theorem 4 contained the essence of the indeterminacy problem.

Zooming out, we conclude that, at least under our proposed lens, the textbook New Keynesian
approach selects the appropriate equilibrium, as imposing the Taylor principle and excluding un-
bounded paths is equivalent to anchoring long-run expectations, in the sense formalized by our re-
finement. Put simply, the conventional solution of the New Keynesian model is the only one that is

faithful to the model’s guiding principle discussed above.

4.3 When can fiscal deficits drive output and inflation?

By ruling out self-sustained variations in consumer spending and thus income, our refinement pre-
cludes fiscal influences on output and inflation. This raises the following question. Consider a re-
searcher who wishes to study deficit-driven inflations and monetary-fiscal interactions within the
New Keynesian framework, in a way that satisfies Refinement 1. How can they proceed?

There are at least two options. One path is to commit to RANK, reject active fiscal policy, but let

the central bank deviate from its dual mandate, either because it succumbs to political pressure or

31 Appendix B.3 verifies that the same is true if we consider the exact same structure as the familiar, three-equation
version of the New Keynesian model, or if we let the monetary authority peg the nominal interest rate.
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because it cares about government debt dynamics for reasons outside the model. To illustrate, take
Theorem 6, where the central bank alone regulates output, and assume that €}* correlates with the
fiscal outlook or with political objectives. This would capture a situation where the central bank is
ultimately in control, but simply actively decides to cut interest rates to support the fiscal authority.>?
The natural alternative is to alter the environment to make fiscal policy payoff-relevant. An obvious
path to doing so is to change assumptions on consumer behavior to instead allow for classical non-
Ricardian effects, with fiscal deficits directly influencing aggregate demand. We spell out this route in

the next section, building a bridge to HANK.

5 Abridge to HANK

We now depart from RANK by introducing a classical failure of Ricardian equivalence, consistent with
empirical evidence on consumption-savings behavior and leveraged in the recent HANK literature.
Fiscal policy then naturally becomes payoff-relevant in the economy’s game representation, allow-
ing it to continue to matter under our refinement, independently of monetary policy. We begin by
first describing the extended model setting, before then characterizing equilibrium outcomes—with

a focus on the role of fiscal policy—under our refinement.

5.1 Setting
We first describe how the environment is altered, before then turning to the new game representation.

Model changes. To capture non-Ricardian behavior, we will modify household utility as follows:

Ui = Z B (U(Cii Airs1) = V (Lie)) (52)
=0

where C; ; and L; ; are date-t consumption and labor supply, A4; ;+1 is household i’s asset position, or
liquidity, at the beginning of date ¢ + 1, and per-period preferences are given as U(C, A) = u(C' ¥ A%),
for some y € (0,1) and some u: R, — R that is strictly increasing, strictly concave, continuously dif-
ferentiable, bounded, with u’ satisfying lim¢c_.q #/(C) = 00.3® Interpreted literally, with those adjusted

preferences, households directly derive utility from holding assets. As is well-understood, however,

32Such cuts could aim at stimulating the economy, inflating away nominal debt, lowering the government’s cost of bor-
rowing, or all of the above. These outcomes may resemble those predicted by some versions of the FTPL, but the logic
is different. In the FTPL, the fiscal authority regulates output and inflation through equilibrium selection, and monetary
policy plays an auxiliary role. By contrast, in the present context, the monetary authority is the sole determinant of equi-
librium outcomes; it could hold interest rates, output, and inflation entirely unresponsive to fiscal conditions, but chooses
not to.

33We can readily accommodate unbounded u(s) by appropriately redefining the penalty function in our game represen-
tation, as in Footnote 22. We could thus nest, for example, a specification like U(C, A) = (1-y)InC + yIn A.
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such settings with direct preferences over wealth serve as tractable proxies for the precautionary sav-
ings motive that arises in standard incomplete-market models (see, e.g., Kaplan and Violante, 2018).
In fact, by appropriately calibrating the utility flow from assets, this setting can mimic aggregate prop-
erties of HANK models even quantitatively (Auclert et al., 2024).34

Our focus continues to be on how assumptions on monetary and fiscal policy shape equilibrium
outcomes. For monetary policy, we continue to assume that the monetary authority sets real interest

rates according to a feedback rule of the form
R=2%(Y,e").

For fiscal policy, given that household wealth directly appears in (32), we find it convenient to express

fiscal policy not as a rule for taxes, but as a rule for government debt, i.e.,
D =9(Y; Do,e’).

Clearly this translation is without loss of generality: we can readily go back and forth between a rule
9 (e) for taxes and a rule Y () for government debt issuances using the government’s per-period
budget constraint. Since government debt is the only asset in the economy, total household wealth
holdings in equilibrium will equal total government debt; and since household preferences are di-
rectly over wealth holdings, the recasting of the fiscal rule to be in debt space will prove convenient.
Throughout this section, we restrict fiscal policy to debt-issuance rules whose induced public debt

path is strictly positive, i.e., D41 (Y; Do,ef ) > 0 for all £ on the domain under consideration.

The adjusted game. Households as before are assumed to understand the structure of the economy;,

so household i’s intertemporal budget constraint can still be expressed as
NPV(C-C;, Z(C,e™) =0,

while its asset position in period ¢ is given as

t t
Ajre1=141(C;, Ce™ €)= Y (1‘[ %s(c,em)) (Ck = Ci k) +Dy41(C; Do, €”). (33)
k=0 \s=k

Intuitively, since all households receive the same income, a household’s asset position may exceed the
corresponding average position, which here equals the total quantity of public debt, only to the extent

that this household has spent less in the past than the average household.®® Using these facts, we can

34Another popular proxy for HANK is overlapping generations of households, as explored in Farhi and Werning (2019),
Aguiar et al. (2023), Angeletos et al. (2024a,b, 2026), and Rachel and Ravn (2026). For the present purposes, the bonds-in-
the-utility proxy is better suited because it allows for a single set of players in the upcoming game representation.

35T obtain (33), take the per-period household budget, A; ;11 = R;(A; ; + Y; — T; — C; ;); iterate it backwards up to period
0; and finally replace Y; = C; along with equation (24) and the policy rules. Finally, note that the asset mapping < (¢)—and
by extension the payoff function % (e) in our upcoming game representation—depends on the two policy rules, but we
suppress this dependence to ease the notation.
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once again map the economy to a game, with the households as the players and their consumption

plans as the actions. What changes, however, is the payoff structure of that game.

Game Representation. The economy’s game representation is identical to that in Section 3, except that

household i’s payoff is now given by
o0
%(Ci,C;DO,em,ef) = Zﬁf{U(ci,t,wm(Ci,c;Do,e’",ef)) - V(Ct)}—I](NPV(C—Ci,%(C,e’”))).
=0

The fundamental difference relative to our earlier analysis is that, effectively by assumption, fis-
cal policy is now payoff-relevant: it enters the payoff % () via </ (e), the household’s stock of assets.
In microfounded incomplete-markets models, this payoff relevance of fiscal policy arises because a

larger amount of gross government debt facilitates self-insurance.>¢

5.2 Equilibrium characterization

We now study how moving to a setting with payoff-relevant fiscal policy affects the main lessons of
the previous sections. We proceed in two steps: we first show that this modification alone generally
does not eliminate the multiplicity of equilibria, simply because it does not alter the key ingredients—
lifetime propensities to consume of one, and demand-determined output. Once augmented with our
refinement, however, we again obtain uniqueness, but now in the resulting equilibrium both fiscal
and monetary policy drive output and inflation.

As the extended HANK-like model of this section features a complicated fixed-point relation be-
tween government debt, aggregate spending, and real rates, we will not attempt to characterize equi-
libria for arbitrary fiscal and monetary rules. Instead, we focus on specific rules that suffice for the two
goals stated above: to show that payoff-relevant fiscal policy does not by itself eliminate equilibrium
multiplicity, and that our refinement restores uniqueness while allowing fiscal and monetary policy

to drive output and inflation.

Multiplicity. We begin by extending the first part of Theorem 4, showing that the economy’s equilib-

ria correspond to any solution of the—now slightly more complicated—aggregate Euler equation.

Proposition 5. (C;);c(0,1] is a Nash Equilibrium ifand only if C; = C for all i and C satisfies the aggregate

Euler equation,

Uc(Ct,Dt41) = PR:Uc(Cri1,Di42) + R UA(Cr, Diy1) Vi, (34)

361t is not automatically the case that, in any incomplete-markets model, increases in government debt have to increase
the ability to self-insure. For example, if households’ borrowing capacity decreased one-to-one with their future tax obli-
gations, then government debt and deficits would be neutral. In our reduced-form set-up this model variant would cor-
respond to a preference not over total wealth, but instead net wealth, Z; ;. (defined as gross assets minus the discounted
present value of the household’s tax obligations), returning us to payoff irrelevance of fiscal policy.
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along withR = Z(C,e™), D = 2(C; Dy,€/), D;11 >0 forall t, and NPV (C,%(C,e™)) < co.

(34) is the aforementioned complicated fixed-point relation between government debt, aggregate
spending, and real rates. We thus now further specialize our assumptions on monetary and fiscal
policy to allow for a tractable analysis. To this end, we note first that our model economy admits,
under flexible prices and with a fixed positive debt-to-output ratio of 4 > 0, a unique steady state,

with output given as the unique solution to
Uc(Y",6Y") =pV'(Y™),

where as before p > 1 is the monopoly markup, while the interest rate is given by
1
B+UA(Y*,6Y*)/Uc(Y*,6Y*)

This relation between R* and ¢ is our model’s analogue of the classic Aiyagari (1994) curve: the inter-

R*=r(0) =

estrate is depressed below ,6_1 , because of the value of holding assets—or, less literally, because of the
precautionary motive. As the quantity of assets increases, this value diminishes and the interest rate
approaches 1. In all of the sequel we will assume that § is in fact sufficiently large so that R* > 1.%7
With this flexible-price outcome as a reference point, we are now ready to state our specialized as-
sumptions on monetary and fiscal policy. Specifically, we will assume that both real interest rates and

government debt fluctuate around this flexible-price steady state, i.e., that

R (9) = (O, Dip1(s) =6Ysel (35)

r’

where as before €”,e/ are sequences of monetary and fiscal shocks, respectively. For expositional

convenience, we will furthermore assume that these shock sequences are moderate, in the sense that

m -
if < (1 0 5)%(5’ and that the shocks take positive values.>® We now arrive at the following variant of the
€

t
second part of Theorem 4, showing that equilibrium multiplicity extends without change to this richer

HANK-type environment.

Proposition 6. Suppose that monetary and fiscal policy follow the rules (35), withé > 0, €}" = e{ =1 for
t = T and arbitrarily large T, and moderate shocks for t < T. Then the economy admits a continuum of
Nash equilibria, indexed by a continuum of values of NPV (C, Z(C,e™)).

The proposition shows that we indeed have equilibrium multiplicity of the exact same form as in

our earlier analysis. To understand the result, begin with any date ¢ = T, pick any ¢ > 0, and guess

37The existence of such a threshold § follows from the continuity of () in § and the fact that lims_o, 7(8) = 7! > 1.
Also note that, if R* were less than 1, permanent income would be infinite and the household’s problem would not admit
a solution—unless we were to add a borrowing constraint, as is commonplace in HANK models.

38This assumption guarantees interior solutions for all our subsequent arguments. Without this assumption, if mone-
tary policy were sufficiently contractionary or fiscal policy sufficiently tight, desired saving could become so strong that
the interior Euler equation no longer applies and the equilibrium instead features a corner solution for consumption.
Such cases can be accommodated by modifying the Euler equation, but we set them aside for clarity.
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an equilibrium of the form Y; = ¢ and D4, = §¢, for all such dates ¢ = T. Because preferences are
homothetic, the Euler equation is trivially satisfied from T onwards; and because R* > 1, the corre-
sponding permanent income is finite. This proves, in effect, that the economy admits a continuum of
steady states under sticky prices, whereas it admitted a unique one under flexible prices, both exactly
as in our earlier analysis. The origin of this multiplicity is also the same as in RANK—it is the feedback
between perpetual spending and permanent income, with lifetime MPCs of one and output being
fully demand-determined. The only novel twist here is that, in order to support multiple steady-state
levels of spending and income with the same interest rate, the quantity of assets—which now directly
enters household utility—must scale up in proportion with their spending. Under our assumptions
on policy, this is achieved by letting the fiscal authority target a given debt-to-GDP ratio 9, while the
monetary authority targets a real rate R = r(d). The argument is then completed exactly as in RANK:
by varying the steady state at which the economy is expected to rest after T, we can support different
equilibrium paths before T, no matter how far in the future T is. The precise equilibrium paths are
then recovered directly through the (now more complicated) Euler equation.

Returning to the transmission of fiscal and monetary policy, we see that both instruments—and
in particular transitory fluctuations in either—can once again operate by affecting the steady state in
which the economy is expected to rest after 7. Exactly as in RANK, both therefore transmit through
their effects on long-run beliefs, and hence on consumer spending in the long run. Our refinement,

to which we turn next, again rules out this mechanism.

Fiscal policy under the refinement. We invoke the same refinement as in Section 4.

Proposition 7. Assume the same policy rules and moderate-shock condition as in Proposition 6, now
together with Refinement 1. Then, there exists a unique equilibrium. In this equilibrium, output, and

thus inflation, depend on fiscal policy if and only if y > 0.

The refinement selects a unique equilibrium in the present HANK-like setting for the same reason
asitdid in RANK: by anchoring expectations of income at far-ahead horizons and thereby moderating
strategic complementarity. Along this unique equilibrium, both policies operate exclusively because
of their direct, short-run effects on household payoffs. Fiscal policy thus now matters even under
our refinement, and through the same direct, short-run payoff channel as monetary policy. To see the
logic most transparently, suppose that preferences take the special form U(C, A) = (1-x)u(C)+ yu(A),

where u(-) = log(-) and y € (0,1). The Euler equation (34) then, under our assumptions on policy,

39As discussed in Section 4, the spirit of the refinement is that the economy eventually returns to flexible-price outcomes.
With a direct preference of households over government debt, those flexible-price outcomes are not invariant to policy:
the steady-state real interest rate is now r(§) rather than 8~'. We accordingly read Refinement 1 with R* = r(6) throughout
this section.
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simplifies as follows:
R*yet"

1—-—21
(1—)()56{

u'(C,) = BR*e" U (Crs1). (36)

Starting with C; = Y* for t = H and then solving equation (36) backward, we immediately get a unique
equilibrium path for output as a function of €™ and /. Two features of the resulting equilibrium path
are noteworthy. First, fiscal deficits are now expansionary via their effects on household payoffs. For
example, if the government increases the initial fiscal deficit, then output on impact jumps, simply
because greater wealth holdings encourage spending. Second, fiscal and monetary policy are inter-
changeable: lower rates and higher deficits both act like a negative discount-rate shock, frontloading
consumer spending in partial equilibrium, and thus leading to a boom in general equilibrium (for an

earlier discussion of such equivalence in HANK-type models see Wolf, 2025).

Relation to the literature. Zooming out, the analysis in this and the preceding sections makes clear
how studies of fiscal-monetary interactions in HANK-type settings—as in Aguiar et al. (2023), Angele-
tos et al. (2024a,b, 2026), or Rachel and Ravn (2026), among many others—fundamentally differ from
their earlier RANK counterparts. Important conclusions of that recent literature, e.g., on how fiscal
policy shapes monetary policy transmission, or on the inflationary effects of fiscal deficits, are driven
by what we have termed the direct, short-run payoff effects of fiscal policy, and not through hard-to-

test effects on household beliefs far in the future.

6 Conclusion

We revisited the theoretical foundations of monetary-fiscal interactions in the textbook New Keyne-
sian model. By recasting the model as a game among Ricardian households, we isolated three impor-
tant properties of this familiar setting: that fiscal policy is payoff-irrelevant; that equilibrium multi-
plicity is rooted in output being perpetually demand-determined; and that, by its very nature, mul-
tiplicity is present regardless of the policy mix. The FTPLs path to equilibrium determinacy, and to
inflationary pressure from fiscal deficits, was thus questioned, because it is at odds with the New Key-
nesian model’s intended purpose—to speak to cyclical, short-run fluctuations against a long run that
is supply-determined. Formalizing that premise as a refinement, i.e., requiring a return to flexible-
price outcomes at some arbitrarily large but finite horizon, delivered fiscal irrelevance and monetary
dominance as necessary implications.

The key practical takeaway was that, for fiscal policy to matter in spite of our refinement, Ricar-
dian equivalence must fail at a more primitive level. HANK models pass this test: once households are

non-Ricardian, fiscal deficits become expansionary through a quantifiable, short-run demand chan-
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nel. This delivers what we view as the right foundations for studying monetary-fiscal interactions—
foundations in which the effects of fiscal-monetary interactions are disciplined by microeconomic

evidence, rather than resting on untestable assumptions about beliefs in the far-distant future.

39



References

Aguiar, Mark, Manuel Amador, and Cristina Arellano, “Pareto improving fiscal and monetary poli-

cies: Samuelson in the New Keynesian model,” NBER Working Paper, 2023.

Aiyagari, S. Rao, “Uninsured idiosyncratic risk and aggregate saving,” Quarterly Journal of Economics,
1994, 109 (3), 659-684.

Angeletos, George-Marios and Chen Lian, “Forward guidance without common knowledge,” Ameri-
can Economic Review, 2018, 108 (9), 2477-2512.

_ and _, “Determinacy without the Taylor principle,” Journal of Political Economy, 2023, 131 (8),
2125-2164.

_ and Zhen Huo, “Myopia and anchoring,” American Economic Review, 2021, 111 (4), 1166-1200.

_, Chen Lian, and Christian Wolf, “Can deficits finance themselves?,” Econometrica, 2024, 92 (5),
1351-1390.

_,_,and _, “Deficits and inflation: HANK meets FTPL,” NBER Working Paper, 2024.
_,_,and _, “Fiscal inaction as monetary support,” NBER Working Paper, 2026.

Atkeson, Andrew, Varadarajan Chari, and Patrick Kehoe, “Sophisticated monetary policies,” Quar-
terly Journal of Economics, 2010, 125 (1), 47-89.

Auclert, Adrien, Matthew Rognlie, and Ludwig Straub, “The intertemporal Keynesian cross,” Journal

of Political Economy, 2024, 132 (12), 4068-4121.

Barro, Robert, “Are government bonds net wealth?,” Journal of Political Economy, 1974, 82 (6), 1095—
1117.

_, “The old Keynesian model,” NBER Working Paper, 2025.

Bassetto, Marco, “A game-theoretic view of the fiscal theory of the price level,” Econometrica, 2002,
70 (6), 2167-2195.

Benhabib, Jess, Stephanie Schmitt-Grohé, and Martin Uribe, “The perils of Taylor rules,” Journal of
Economic Theory, 2001, 96 (1-2), 40-69.

Bianchi, Francesco and Cosmin Ilut, “Monetary/fiscal policy mix and agent’s beliefs,” Review of Eco-
nomic Dynamics, 2017, 26, 113-139.

40



_ and Leonardo Melosi, “Escaping the Great Recession,” American Economic Review, 2017, 107 (4),
1030-1058.

Bilbiie, Florin, “Monetary policy and heterogeneity: An analytical framework,” Review of Economic

Studies, 2025, 92 (4), 2398-2436.

Bocola, Luigi, Gaston Chaumont, Alessandro Dovis, and Rishabh Kirpalani, “Accounting for credi-
bility: Monetary-fiscal interactions and the credibility of the central bank mandate,” Working Paper,
2026.

Buiter, Willem, “The fiscal theory of the price level: A critique,” Economic Journal, 2002, 112 (481),
459-480.

Cochrane, John, “Money as stock,” Journal of Monetary Economics, 2005, 52 (3), 501-528.

_, “Determinacy and identification with Taylor rules,” Journal of Political Economy, 2011, 119 (3),
565-615.

_, “The New-Keynesian liquidity trap,” Journal of Monetary Economics, 2017, 92, 47-63.

_, “Michelson-Morley, Fisher, and Occam: The radical implications of stable quiet inflation at the
zero bound,” NBER Macroeconomics Annual, 2018, 32 (1), 113-226.

_, Thefiscal theory of the price level, Princeton University Press, 2023.

Davig, Troy and Eric Leeper, “Monetary-fiscal policy interactions and fiscal stimulus,” European Eco-
nomic Review, 2011, 55 (2), 211-227.

Eichenbaum, Martin, Joao Guerreiro, and Jana Obradovic, “Ricardian non-equivalence,” NBER

Working Paper, 2026.

Farhi, Emmanuel and Ivdn Werning, “Monetary policy, bounded rationality, and incomplete mar-
kets,” American Economic Review, 2019, 109 (11), 3887-3928.

Flynn, Joel, George Nikolakoudis, and Karthik Sastry, “Pricing and production without the invisible
hand,” Working Paper, 2026.

Friedman, Milton, A theory of the consumption function, Princeton University Press, 1957.
Gali, Jordi, Monetary policy, inflation, and the business cycle: An introduction to the New Keynesian

framework, Princeton University Press, 2008.

41



Kaplan, Greg and Giovanni Violante, “Microeconomic heterogeneity and macroeconomic shocks,”
Journal of Economic Perspectives, 2018, 32 (3), 167-194.

_, Benjamin Moll, and Giovanni Violante, “Monetary policy according to HANK,” American Eco-

nomic Review, 2018, 108 (3), 697-743.

King, Robert, “The new IS-LM model: Language, logic, and limits,” Federal Reserve Bank of Richmond
Economic Quarterly, 2000, 86 (3), 45-104.

Kocherlakota, Narayana and Christopher Phelan, “Explaining the fiscal theory of the price level,”
Federal Reserve Bank of Minneapolis Quarterly Review, 1999, 23 (4), 14-23.

Leeper, Eric, “Equilibria under “active” and “passive” monetary and fiscal policies,” Journal of Mone-
tary Economics, 1991, 27 (1), 129-147.

Niepelt, Dirk, “The fiscal myth of the price level,” Quarterly Journal of Economics, 2004, 119 (1), 277-
300.

Rachel, Lukasz and Morten Ravn, “Brothers in arms: Monetary-fiscal interactions without Ricardian

equivalence,” Working Paper, 2026.

Rotemberg, Julio, “Sticky prices in the United States,” Journal of Political Economy, 1982, 90 (6), 1187-
1211.

Sargent, Thomas and Neil Wallace, ““Rational” expectations, the optimal monetary instrument, and

the optimal money supply rule,” Journal of Political Economy, 1975, 83 (2), 241-254.

Smets, Frank and Raf Wouters, “Fiscal backing, inflation and US business cycles,” Working Paper,
2024.

Wolf, Christian, “Interest rate cuts versus stimulus payments: An equivalence result,” Journal of Po-

litical Economy, 2025, 133 (4), 1235-1275.

Woodford, Michael, Interest and prices, Princeton University Press, 2003.

42



Online Appendices for

Monetary-Fiscal Interactions: A Reappraisal

This online appendix contains supplemental material for the article “Monetary-Fiscal Interactions: A
Reappraisal.” We provide: (i) proofs for all results; (ii) details for several model extensions; and (iii)

supplementary discussion on the nature of equilibrium multiplicity in the New Keynesian model.

Any references to equations, figures, tables, assumptions, propositions, lemmas, or sections that are

not preceded by “A.”-“C.” refer to the main article.

A Proofs

A.1 Proof of Theorem 1

The main arguments—necessity and sufficiency of the Euler equation, and existence of a continuum
of Nash equilibria—were proved in the main text. Here, we complete the last step, namely we prove
the claim that we can support an arbitrary value ¢ > 0 for the discounted present value of spending.
Define the NPV function

NPV(Cy) = Co+Z(Co) ' C1(Cy).

where C; (Cy) denotes the solution of the Euler equation for C; as a function of Cy. Continuity of 2 (e)
and U’ (e) imply continuity of C;(¢) and NPV (e). First, NPV (Cy) = Cp, so
C%)iinoo NPV (Cy) = o0.
Second, using the Euler equation,
C1(Cp)U'(C1(Cy))

R(Co) ' C1(Co) = B U Co)

Given U (e) is concave and bounded,
U'(C) < UuC)-U0(C/2) < 2sup o U(x)-
C/2 C
and therefore CU’(C) < K for some K < co. It follows that
BK
U'Co

where the last step uses the Inada condition at zero. Hence

0<R(Co) 'C1(Cy) <

0 as Cp |0,

lim NPV (Cy) =0.
ColO

By continuity, NPV takes every value in (0,00), so an equilibrium with NPV (Cy) = ¢ exists for all £ > 0.

43



A.2 Proof of Theorem 2

We first state the household problem under sticky prices, then establish symmetry of any Nash equi-
librium, show that the symmetric consumption allocations coincide with those under rigid prices,
and finally construct the price mapping 2. Under Rotemberg pricing, household i takes the aggre-

gate plan (C,P) as given and chooses (C;,P;) € R%, to maximize

1 . —€
Y BUCo- (%) Co-x g (Pii, i) A1)
t=0
subject to the intertemporal budget constraint
_ Pi 1-€ _ Pi 1-¢
Cio+Ry'Cin = (B) o+ B (), (A.2)

where Ry = %(Cy), P; —1 = 1 for all i, and V(L) = L. The adjustment cost g : R2, — R, satisfies the

following two assumptions:

Al. (Optimal pricing uniqueness.) The adjustment cost g is such that, for any aggregate output and

prices, the optimality conditions of the household’s pricing problem have a unique solution.*°

A2. (Phillips curve regularity.) For each period, the relevant marginal cost of raising prices is strictly

increasing in the price being raised, and has range R.*!

All households share the same preferences, the same «, the same initial price P; -; = 1, and the
same initial wealth Dy. It follows that every household faces the identical optimization problem (A.1)-
(A.2). By Assumption Al, this problem has a unique solution given any aggregate path, so that all best
responses coincide and any NE is symmetric.

Given a consumption path (Cy, C1), the symmetric pricing first-order conditions are obtained by
differentiating (A.1) with respect to P; ;, multiplying by P; ;, using the consumption Euler equation,
and imposing symmetry P; ; = P;. Define the static markup gap A(C) = Cle—(e—1) U'(C)]. The period-

1 condition gives
k"' P1ga(Po, P1) = A(CY), (A3)
and the period-0 condition gives

k1 Pyga(1,Pg) + B! Pyg1(Py, P1) = A(Cy), (A.4)

40A sufficient condition is that, when the household’s problem is reformulated as choosing the quantity produced y; ;
in each period, the composed adjustment cost g(Pi,t_l Vi,r-1)» Pi,t(yi,t)) is jointly convex in (y; ;—1, yi,r). Consequently, a
e+l
sufficient primitive condition is that the matrix M(P,P') = (*"' Jrgl‘; & - fiil gz) is positive semidefinite for all (B, P) € R%, .
P/
41A sufficient condition is that, for each fixed P > 0, the marginal adjustment cost P’ g»(P,P') is strictly increasing
in P’ with range R; and for each z € R, let p(P; z) be the unique solution to p(P;z) g (P, p(P;z)) = z. Then Pg,(1,P) +

BP g1 (P, p(P; 2)) is strictly increasing in P with range R.
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where g; and g» denote the partial derivatives of g with respect to its first and second arguments,
respectively. This is a system of two equations in two unknowns (Py, P;), with (Cy, C;) entering through
A. Under Assumption A2, the marginal adjustment cost P; g»2(Py, P1) is strictly increasing in P; with

range R for each fixed Py. It follows that, for any Py > 0, equation (A.3) has a unique solution
Py = p(Py; kA(CY)).

Substituting this into (A.4) yields one equation in Py, whose left-hand side is strictly increasing and has
range R, again by Assumption A2. The price mapping 2?(Cy, C1) = (Py, Py) is therefore well-defined.
In a symmetric NE, P; ; = P, for all i and household i’s real income is Y; ; = C;, exactly the same as

under rigid prices. The budget constraint (A.2) therefore reduces to
Cio+Ry'Cin < Co+Ry' Cy,

and the consumption Euler equation is U’ (Cy) = B %(Cy) U'(C), identical to the rigid-price condition
of Theorem 1. To verify sufficiency, fix any C satisfying this Euler equation, let C; ; = C; and P; ; = P; for
all 7, and note that both the consumption and pricing first-order conditions are satisfied (the pricing
condition is the NKPC derived above). Hence (Cy, C;) is a NE under sticky prices if and only if it is a

NE under rigid prices.

Remark. Two aspects of our environment deserve brief comment. First, we specify a relatively
general functional form for the adjustment cost, only requiring that the household problem and
the Phillips curve are well-behaved. However, the standard quadratic adjustment cost specification,
g(PP) = %(P' /P —1)?, does not satisfy Assumption Al globally: it introduces non-concavity in the
household’s pricing problem, opening the door to the possibility that the best response is discontin-
uous and, hence, that a pure-strategy equilibrium may fail to exist. Within the neighborhood of the
flexible-price steady state, however, this problem may be ruled out. Second, the linear labor disutility
V(L) = L ensures that the price mapping &2 is a function. With non-linear V, the symmetric pricing
conditions could in principle admit multiple solutions for a given consumption path, so that 22 be-
comes a correspondence. However, this feature, known as the backward bending Phillips curve, is or-

thogonal to the central message of the paper: part 2 of Theorem 2 simply becomes (Py, P;) € Z2(Cy, C1).

A.3 Proof of Proposition 1

To maximize clarity, we start with the case of fully rigid prices. Recall that in this case the house-
hold’s best response in the game is the same as the optimal consumption function, denoted C; =
€ (Dy,C, T, Z(C)), with boldface denoting paths, evaluated at Dy = Ty = T = 0. Any Nash equilibrium
therefore satisfies C; = 6(0,C,0,%(C)) for all i. Using equation (15), the household’s problem is the
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same in an NE and in a CE; that is, €(0,C,0,2(C)) = € (Dy,C,T,Z(C)). Finally, any aggregate con-
sumption path generated by a Nash equilibrium and satisfying equation (15) constitutes a competi-
tive equilibrium by definition. Turning now to the case with sticky prices, the argument goes through
verbatim, modulo the reinterpretation of the best response in the game as the pair of the optimal

consumption and pricing functions.

A.4 Proof of Theorem 3

Part 1. From the proof of Proposition 1, every Nash equilibrium translates into a competitive equi-
librium provided equation (15) holds. Since passive fiscal policy, by definition, guarantees that (15)

holds for every (Dy, Cy, C1, Ry) € [R{i x R, 4+, any NE is necessarily a CE.

Part2. Starting from any Nash equilibrium with aggregate consumption path C*, define a fiscal pol-
icy by
Dy, C=C",
J0(Do,C,Rp) =40, C#C*and Dy #0, I1(Do,C, Ry) = 0.
1, C#C"and D=0,

By construction, only C* constitutes a CE: any candidate equilibrium with C # C* fails equation (15).

This also shows that the fiscal policy is active.

A.5 Proof of Theorem 4

Part1. To prove the result, note first that NPV (C,2(C,e™)) < oo means that the household’s perma-
nent income is finite. Fix any aggregate path C with NPV (C,%(C,e™)) < oo. By strict concavity, the
household’s best response exists and is unique. The best response is then given by the unique C; such

that it satisfies U'(C; ;) = B%.(C,e™)U’(C; 1+1) for all r alongwith NPV (C;, %(C,e™)) = NPV (C,%(C,e™)).
Denote household i’s best response by C; = % (C,€e™). Note that,

F(C,e™) =€(0,Y,0,%(C,e™),

that is, conditional on C, households take as given (i) the income and interest-rate paths pinned down
by aggregate spending and (ii) that government bonds are not net wealth (as if debt and taxes were
zero). Hence, given C, all households face the same optimization problem and therefore share the
same unique best response; it follows that any Nash equilibrium must be symmetric, i.e. C; = C for all

i. The individual Euler condition then reduces to the aggregate Euler equation

U'(C)=BR:(Ce™MU (Cry1) VL.
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Together with the necessity of NPV (C,Z(C,e™)) < oo, this proves necessity. For sufficiency, take any
C satisfying the aggregate Euler equation and NPV (C, Z(C,e")) < co. Then C satisfies the household’s
Euler equation under £ (C,e™) and exactly exhausts the present-value resources, so the unique best

response is % (C,e") = C. Hence C; = C for all i is a Nash equilibrium.

Part 2. Fix any ¢ > 0. By Part 1, it suffices to construct a path C satisfying the aggregate Euler equa-
tion at every date with NPV (C,Z(C,e™)) = {. To avoid branch-selection issues, we construct the
equilibrium path and the target present value jointly in one finite-dimensional fixed-point problem.
By assumption, there exists a finite date T > 1 such that %2, (-) = ! for all ¢ = T. For any constant
tail C; = x7 with t = T, the Euler equation is automatically satisfied. So it remains to determine the
T + 1 unknowns x = (xo,..., XT), where Xxy,...,xr-1 are pre-T consumption and xr is the tail level.
Using boundedness of %; € [r, F], define for each z > 0 the backward consumption envelopes B (z) =

Br(z)=zand,fort=T-1,...,0,
B,(2):=(U) (b7 U'(B,11(2)),  Bi(2):=(U) " (BrU'(Bin(2).

By induction, 0 < B,(z) < B;(z) for all ¢ and z > 0, and each envelope is continuous and increasing in

z. Define the associated present-value envelopes

T-1 z _ T-1 _ z
V@)=Y F'B@+i T,  V@=Y r'Bla+r T —.
t=0 1 _:B t=0 l_ﬁ

Under the Inada condition, B;(z) — 0 as z — 0 for each f, hence V(z) — 0 as z — 0. Moreover, V(z) =

iTz11- pB) — oo as z — oco. Therefore we can choose 0 < z_ < z; such that
Viz.)<&<V(zy). (A.5)

Now define the compact convex set K := ]'[th_O1 [B,(z-),B/(z4)] x [z_,z4]. For any x € K, let Cx)

denote the path with C,=x,fort<T—-1and C; = xy for t = T, and define

X

T-1(t-1 T-1
N (x):=) (H%;l(é(x),em))xt + (1‘[ %;1(é(x),em)) - Tﬁ,
s=0

t=0\s=0

which equals NPV(C(x),%(C(x),e™)) and is continuous. Define F: K — K by
F(x) = (To(x),..., 71 (), max(z_, min(z,, xr +& - (x)))),

where T';(x) := (U")"YBR(C(x),e™ U'(x;+1)) for £ =0,..., T — 1. The first T coordinates impose the
Euler equations; the last coordinate adjusts the tail level upward when permanent income falls short
of ¢ and downward when it exceeds ¢, truncated to remain in [z_, z.]. By the envelope bounds, the
first T coordinates map into the required intervals; by truncation, the last coordinate stays in [z_, z.].
Since Z,(-), U'(-), and (U")~! are continuous, F is a continuous self-map of K. By Brouwer’s fixed-

point theorem, there exists x* € K with F(x*) = x*.
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We claim x7 € (z—, z4). Suppose x7. = z_. Since x* is a fixed point, backward iteration using 2, = r
yields x; < B(z_) for all t < T — 1. Combined with 2! < r™!, this gives A4 (x*) < V(z-) < £ by (A.5).
Hence x”} +¢— AN (x*) > z_, so truncation cannot return z_, a contradiction. Similarly, if x; =z,
then x; = B,(z,) for all f and A (x*) = V(z4) > ¢, so x; +¢ — A (x") < z, again a contradiction.
Therefore x7. € (z_, z4), the truncation is inactive, and the last-coordinate fixed-point condition gives
Xy =xp+&—AN(x"), hence & (x*) =¢.

Setting C:= C(x*), the Euler equation holds at every date (by the fixed-point conditions for ¢ < T,
and by %Z; = ,3_1 with constant consumption for ¢ = T), and NPV (C,2(C,e"™)) =¢. By Part 1, Cis a

Nash equilibrium. Since ¢ > 0 was arbitrary, the proof is complete.

A.6 Proof of Proposition 2

Work with normalized variables ¢; = C;/Y* and v = NPV (C,R(C,e™))/Y*, where
00 -1 —® )
Vo = Z'Bt HCS (6?1)_
=0 s=0

denotes the discounted present value of normalized income (whenever the sum converges). Let T},

Ct

denote the finite date after which e¢}” = 1. Fix an arbitrary ¢, > 0. Under the Taylor rule and CRRA
preferences, the aggregate Euler equation U’(C;) = BR,U’(C;+1) becomes

1/0:C<P m —1llo

C t €t Cre1 -

Let @ =1+ 0¢. Since o¢ > —1, we have a > 0. Rearranging the Euler equation gives
cre1 =cCf (€797 (A.6)

Iterating forward from ¢, gives:

—-S

-1 B
¢ =cd Tlemee ™. A.7)
§=0

Define y; = HE;(I)(G?")U“Hfs, so that ¢; = c(‘)"tut. Since €!" = 1 for t = T}, no new shocks enter the

. . T .
recursion (A.6) after T,,, and for ¢t = T}, the path evolves as c¢;+1 = cf, i.e., ¢; = c%:n " with cr, =
Tm
o HT,,
We now compute the exponent of ¢ in each term of vy. Using (A.7), the product []
pYipa’

¢

-1 .-
—0Cs con-

S

tributes c(; to the ¢-th term. Combined with ¢; = cgt Uz, the total exponent of ¢ in the ¢-th

term is
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Substituting ¢ = (a —1)/0 from a =1+0¢):

; (@=-D/o-(@"-1) , a'-1 (o-Da'+1
a — = QQ = =

€r.
a—-1 o o

It follows that each term of the series can be written as ' w; cgt , Where
_o-1 , 1

er=——a'+—,
o o

and w; > 0 collects all terms depending only on the (fixed) shock sequence {¢”"} and not on ¢y.** Note
that ey = 1. When ¢ < 0 (Case 2 below), w; converges to a positive constant as t — oo (since €/ = 1 and
¢y — 1for t = T, while cg[ — cé’ ?), ensuring in particular that Y32, f‘w; < co. We now verify the two

parts of the proposition. We proceed case by case.

Case 1: ¢ =0. Then a =1 and ¢; = ¢p y; for all ¢, with y; = pur, for all £ = T,,,. In particular e; = 1 for
all ¢, so each term of the series equals 8’ w; ¢y. Since w; is bounded (it equals a fixed positive constant
for t = T);,) and S < 1, the series converges for all ¢y > 0:
(e.9)
Vo= Co Z ﬁ[wt < 00.
t=0

By varying ¢y € (0,00), one can span any value of vy € (0, 00).

Case 2: ¢ <0 (witho¢p > —1). Then a € (0,1), so a* — 0 as t — oo and e; — 1/0 > 0. We claim e; > 0
forall t:ifo > 1, then (0 —1)/0 >0,s0e; >1/0 >0;ifo <1,then (0 —1)a’ =0 —-1> -1 (since a’ < 1),
giving e; = /0 =1 > 0. In either case, e; is bounded between min(1,1/0) and max(1,1/0). It follows
that, for all ¢y > 0,

Blwicl < B wy max(cy'?, co),

so the series defining vy converges. Moreover, since e; > 0 for all ¢, each term ,Bta)tcgf is strictly
increasing in ¢y. Therefore vy is strictly increasing in ¢y, with vyg — 0 as ¢y — 0 (since e; > 0 for all ¢,
each term vanishes) and vy — oo as ¢y — oo (since the ¢ = 0 term is wg ¢y = ¢p). By continuity of vy
in ¢y and the intermediate value theorem, vy spans (0,00), so one can support a continuum of Nash

equilibria, one for each ¢y € Ry ;.

Case 3: ¢>0. Then a > 1, s0 a’ — oo and e; — +oo if 0 > 1 while e; — —oco if o < 1. Define

~1/aTm

C=EUr ,

i.e., the unique ¢y > 0 such that

Tm
a
cr, =C M1, =1.

As a special example, when €}* = 1 for all ¢, ur,, =1 and ¢ = 1. Since the first T, terms of vy form a

t

s;(l) u;¢ (e™)~1. Since ¢ > 0 for all s and y, > 0 by construction, we have w; > 0.

“2Explicitly, 0, = g [1
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finite sum and are therefore always finite, convergence of vy is governed entirely by the tail t = T},. In

t Cr-Tm
CTm ,

where é; = "T_laf + %, with a proportionality constant that is positive, finite, and independent of ¢.

o -7, . . .
this tail, €} = 1 and the path evolves as ¢; = C%[ " so the t-th tail term is proportional to f3
m

Sub-case o > 1: Here €j = 1> 0 for all j (since (0 —1)/0 >0 and al = 1), with éj — +oo. If ct,, > 1 (i.e,,
co > C), then c;’m — +o0 and so vy = +oo; the Euler path fails to identify a NE. If ct,, <1 (i.e., ¢p < 0),
then c;’m < 1forall j (since é; > 0 and c7,, < 1), giving vy < co. The Euler path thus identifies a NE if

and onlyif ¢y < ¢.

Sub-caseo < 1: Here éy = 1 but é; — —oo (since (0 —1)/0 <0). If c7,, <1 (i.e., ¢y < ¢), then c;’m — +o00 (a
number less than 1 raised to an increasingly negative power) and so vy = +oo. If ¢, = 1 (i.e., ¢p = 0),
then ei]- <1 for all j (since &y = 1 and ¢; is dec_reasing when o < 1), so c;’m < c‘}m =1whene; <0
and c?’m < ct,, when 0 < &; < 1; in either case c;jn < max(l, ct,,), giving vy < co. The Euler path thus
identifies a NE if and only if ¢y = ¢.

Sub-caseo =1: Then e, = 1forall ¢, and vy = ¢y Y. f'w; < oo for all ¢y > 0.

In every sub-case, vy is continuous in ¢y on the admissible domain, and takes on a continuum of

values.

A.7 Proof of Proposition 3

From CE to conditions 1-3. Suppose ((C i)ier,1, ¥, ILR, T) is a CE according to Definition 4.
By condition 1 of Definition 4, household i optimizes. In particular, each household satisfies its Eu-
ler equation and transversality condition. The transversality condition, combined with the budget

constraint holding with equality, implies that
NPV(C;,R)=Dg+ NPV(Y-T,R).

Aggregating across households and using C =Y (market clearing from condition 2 of Definition 4), we

obtain
NPV(YY,R)=Dy+ NPV(Y-T,R),

which simplifies to Dy = NPV (T,R), establishing the government budget constraint. By conditions 2
and 3 of Definition 4, the Phillips curve and policy rules are satisfied, giving conditions 2 and 3.

To verify condition 1, note that in a CE, each household solves its problem with initial wealth Dy
and taxes T. Since the government budget constraint holds, the household’s intertemporal budget

constraint becomes
NPV(C;,R)=Do+NPV(Y-T,R)= NPV(Y,R).
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That is, conditional on C (and hence Y = C and R), each household’s feasibility set and optimal choice
coincide exactly with those in the game representation where Dy and T are absent (i.e., where the
budget constraint is NPV (C;,R) < NPV(C,R)). Each household’s consumption plan is therefore a

best response in the game, confirming that (C;);¢j0,1) is a NE.

From conditions 1-3 to CE. Conversely, suppose conditions 1-3 hold. Since (C;);¢[o,1) is @ NE, by
Theorem 4, C; = C for all i and C satisfies the aggregate Euler equation along with NPV (C, Z(C,e)) <
oo. By condition 3, the government budget constraint holds, so the household’s intertemporal bud-
get constraint is equivalent to NPV (C;,R) = NPV(C,R), which is exactly the constraint in the game.
Each household’s Euler equation and transversality condition are satisfied (the latter following from
the NE requiring finite permanent income and the budget holding with equality at the optimum).
Hence condition 1 of Definition 4 is satisfied. Conditions 2 and 3 of Definition 4 follow directly from

conditions 2 and 3 of the proposition. Therefore the collection is a CE.

A.8 Proofof Theorem 5

Similarly to the two-period case, this result is a direct implication of Theorem 4 and Definition 5. If
fiscal policy is passive, equation (24), the government’s intertemporal budget constraint, is trivially
satisfied for every NE, so all NEs translate to CEs, proving the first part. If instead fiscal policy is active,
then equation (24) might be satisfied for some but not all NEs. What is more, by designing the fiscal
rule appropriately, one can trivially select a specific NE as the unique CE. For instance, it suffices to

set
Dy, C=C*,
To(Do,CREN =30, C#C andDy#0, T:(Do,CReN=0, £>0.
1, C#C*and D=0,

We offer more standard examples of active fiscal policies in Section 3.5.

A.9 Proofof Theorem 6

By Theorem 4, the set of NE corresponds to all consumption paths C satisfying the aggregate Euler

equation
U'(C)=BR; U (Cis1) V=0,
together with NPV (C,R) < co. Substituting R; = ,6_16;”, the Euler equation simplifies to

U'(C)=€mU'(Cry1) V=0, (A.8)
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Unique path. By Refinement 1, C; = Y* for all £ = H. We now solve (A.8) backwards from this termi-
nal condition. At t = H — 1, equation (A.8) gives

U'(Cp1) =€p_ U'(Y").

Since U’ is continuous, strictly decreasing, with range (0,00) (by the Inada conditions and strict con-

cavity of U), it is globally invertible. Hence
C-1= (U ef, U'(YM),

which is uniquely determined. Proceeding inductively: given C;.1, the equation U'(C;) =€} U'(Cy41)
uniquely determines C; = (U’)~ 1( m U’(CHI)) Iterating from # = H — 1 down to ¢ = 0, we obtain a

unique path {C,} z:o

Finite permanentincome. Fort=T,R,=f"!andC, = Y*, sothetail ofthe NPVseriesis Qr Z°° 0 BlY* =
QT

ﬁ < 0o, where Qr = H RS < oo by uniform boundedness of % (¢) away from zero on {0,..., T —
1}. The finitely many terms for ¢ < T are each finite (since C; > 0 and R; > 0). Hence NPV (C,R) < oo,

confirming that the unique solution to the Euler equation is indeed a NE.

Since neither the Euler equation (A.8) nor the terminal condition Cy = Y™ involves the fiscal shock
¢/, the initial debt Dy, or the fiscal rule T, the unique equilibrium path is entirely determined by €.

Inflation is then given by II = 2(C), which likewise depends only on €.

A.10 Proof of Proposition 4

Under the assumed CRRA preferences, U'(C) = C~'/?, and the aggregate Euler equation U'(C;) =
BR,U'(C;41) becomes

;Y7 =y Pelr CHe.

Working in log-deviations y; =1og(C;/Y™) (so that y; = 0 corresponds to C; = Y*), and using C; Vo
(Y*)"1/9¢=Y/9 e abuse notation and let e/ now be the log of monetary policy shocks. The Euler

equation now becomes

1 byiter 1
RN = € PR ,
UJ’t Ve t€; UJ/HI

which rearranges to

(1+0¢)yi=y1—oel. (A.9)
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Let a =1+ 0¢. By assumption, a # 0. Refinement 1 imposes y; =0 for all # = H. In particular, yy =0.
Furthermore, since €} =0 for t = T and H = T, we have y, = 0 for all £ = T (this can be verified by
backward induction from H: if y,4;1 =0 and €} =0, then ¢y, = 0, so y; = 0). For t <= T -1, equation

(A.9) gives
Vi=0Yy1—0bel’,

whered =1/a =1/(1+0¢). Since a # 0, 6 is well-defined and finite. Starting from yr = 0 and iterating
backwards gives:

m
Yr-1= —0'5€T_1,

_ m m 2 .m
Yyr-2=0yr_1—-0bep_,=-06€r_,—00%€T_4,

rd-t
— m
Ye=—06 kz 0% €, 1
=0

More compactly,

o T-1-t 1
Ve = (

Z 1+o0¢

1409 &

Each y; is uniquely determined. This establishes uniqueness of the equilibrium output path. For

k
) em.,  t=0,1,...,T-1 (A.10)

t>T,C,=Y*and R; = 7}, so the tail of permanent income is finite. For t < T, C; = Y*e/" is finite
and positive (since y; is a finite linear combination of the €}*’s). Hence NPV (C,R) < oo, confirming

that the unique solution is a valid NE.

A.11 Proof of Proposition 5

The proof follows the same logic as Theorem 4 part 1, adapted to the modified payoff structure of Sec-
tion 5. Fix an aggregate path C with NPV (C, 2(C,e™)) < 0o, and let R = Z(C,e™) and D = 2(C; Dy, €/),
with D41 > 0 for all £. Given C, household i’s payoff depends on its own consumption plan C; through
both the utility from consumption U(C; , A; ;+1) and the asset position A; ;1. By equation (29),

household i’s asset position is

(Ck—Cik) + Dyyr.

t t
A=Y (n R

k=0 \s=k

Because U(C, A) = u(C'=* AY) is strictly concave in C; ; (given C), and the budget constraint NPV (C;,R) <
NPV(C,R) is the same for all i, the best response is unique and common across households; in any

NE all households therefore choose the path equal to C.
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Necessity. In any symmetric NE, C; ; = C; for all i, ¢, and so A; ;+1 = D+1. The household’s problem
is
o0
?Clw}(z ﬁt U(Ci Airr1) st Ajpi1 =Ri(Aj i+ Cr— T — Ci ).
L5 =0

Forming the Lagrangian with multipliers 1, on the budget constraint gives:
Uc(City Ajr+1) = ARy, Ua(Ci,t, Aijr+1) + PArs1 Rev1 = Are
From the first equation, A; = Uc(C; ¢, Ai t+1)/ R;. Substituting into the second, multiplying through by
R;, and evaluating at C; ; = Cy, A;j r+1 = D41 gives:
Uc(Ct,Dt41) = PR Uc(Cri1,Di42) + Rt UA(Ct, Dyyy). (A.11)

Together with NPV (C,R) < oo, this proves necessity.

Sufficiency. Suppose C satisfies (A.11) and NPV(C,R) < co. Set C; = C for all i. Then each house-
hold’s Euler equation is satisfied and its budget constraint holds with equality (since NPV (C;,R) =
NPV(C,R)). The transversality condition is satisfied and C; = C for all i constitutes a NE.

A.12 Proof of Proposition 6

Consider ¢ = T, where €' = e{ = 1. Fixany ¢ > 0 and set C; = ¢ and D4 = 6¢ for all £ = T. Under

U(C, A) = u(C'~* A%), the Euler equation at any such ¢ reads
Uc(,68) =Brd) Uc(&,68) +r(0)UaE,69).

Note that the ratio U4(C,6C)/Uc(C,6C) is independent of C:
Ua(¢,6¢) X
= = p(0).
Uc&68 a-po '
The Euler equation reduces to 1 = fr(8) + r(8) p(6), or equivalently r(6) = 1/(B + p(6)), which is

precisely how r(6) is defined. Hence the Euler equation is satisfied at C; = ¢ for any £ > 0. Next,
NPV (C,R) < co because R; = r(6) > 1 for t = T (guaranteed by 6 > 9), so the tail of the series con-
verges geometrically. Moreover, since R; = r(6)e}" does not depend on aggregate consumption, the
discount factors Q; = Hé;(l) Rs‘1 are independent of ¢, and the tail contribution to permanent income
equals K7¢, where Kr =) ,»7 Q> 0.

For t < T: Given any ¢ > 0 as the terminal condition Cr = ¢, we need to show existence of a solution
to the Euler equation for t = 0,..., T — 1. At each date ¢ < T, the Euler equation under D;y; =6 Cté‘{

reads

Uc(Cy,6Ciel) = Br(8)e Uc(Crin, Dyy2) + 1(0)e Ua(Cr,6C;€]).
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Under U(C, A) = u(C*~* AY) with A = 5C;e!, both U and U, are proportional to u/((5e/)XC;):
Uc(Cr,6Cie]) = (1= @e)) u/((6eDXCy),
U(C,,6Cel) = y 6eHr 1 u(ehrc,).

The Euler equation therefore becomes

(- el —r@)e x] GeH 1 u(6e)XC)) = Brd)e Uc(Crir, Diva). (A.12)

B

The right-hand side is a known positive constant (given C;;1). The coefficient B; = (1 — )()56{ -
r(6)el’y > 0 by assumption. Since u' is strictly decreasing, the left-hand side is a strictly decreas-
ing function of C;, ranging from +oo as C; — 0 to 0 as C; — oo. By the intermediate value theorem,
there is a unique C; > 0 solving the equation. Thus, for each terminal condition Cr = ¢, backward
iteration yields a unique path.

The pre-T contribution Zf;ol Q:C:(&) is continuous in ¢, since the backward iteration of (A.12)
is continuous by strict monotonicity of its left-hand side in C;. Therefore NPV (C,R) is continuous
in ¢ and bounded below by K¢, hence unbounded as { — co. By the intermediate value theorem,

NPV(C,R) takes a continuum of values as ¢ ranges over (0,00).

A.13 Proof of Proposition 7

Refinement 1, read with R* = r(d) as discussed in Footnote 39, requires Y; = Y* and R; = r(9) for all
t = H, for some arbitrarily large but finite H = T. This pins down the terminal condition C; = Y* for
all t = H. Combined with the fiscal rule D;,; =6 Yte‘{ and e{ =1fort =T (recall H = T), it follows
that D;; =6Y*forallt= H. Fort< H,D;;1 =0 C[e{ remains pinned down by the fiscal rule jointly
with C; at each step of the backward iteration below. We solve the Euler equation backwards from this

terminal condition. Under U(C, A) = u(C'"X AX) with D;, =& Cte{ , the Euler equation at date t reads
Uc(Cy,6Ciel) = Br(®)e Uc(Criy, Dyy2) + 1) Ua(Cr,6C;€]). (A.13)
Using the explicit forms of the marginal utilities under U(C, A) = u(C 1=X A%) with A=6C [e{ :
Uc(Cy,6Cely = (1 - p et u/(6eh)rcy),
UA(C,8Ciel) = x eV u(GehrCy),
equation (A.13) becomes

(- 0del —r@®)el x] GeN¥ u((GeNXC,) = Br(&)el Uc(Cran, Disa). (A.14)

B;
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The right-hand side is a known positive constant at each backward step: C;;; has been pinned down

at the previous step (or, when t+1 = H, by the terminal condition), and D;,» =6C Hlef then follows

t+1
from the fiscal rule. For the left-hand side, B; > 0 for all ¢ by the moderate-shock assumption. At
each date ¢, the LHS of (A.14) is a strictly decreasing function of C; (since B; > 0, (56]; )*~1>0, and
u' is strictly decreasing), ranging from +oo as C; — 0 (by the Inada condition on u) to 0 as C; — oo.
Since the RHS is a fixed positive constant, the intermediate value theorem guarantees a unique C; >0
solving (A.14). Starting from Cy = Y™ and iterating backwards, each step uniquely determines C;

given C¢;1. The unique equilibrium path {C,;}f: _01 follows by induction.

Along the unique equilibrium, the Euler equation (A.13) features U4 (C;, Dy41) with Dyyy =0 Cte{ .
Since Uy # 0, the fiscal shock e{ directly shifts the Euler equation by altering the marginal value of
asset holdings. This is the fundamental, payoff-relevant channel through which fiscal policy affects
output. This contrasts with the case of RANK (y = 0), under which the Euler equation reduces to
U'(C;) = BR;U'(Ct+1), which is independent of fiscal variables. Fiscal deficits therefore cannot influ-

ence the unique equilibrium under the refinement.

B Supplementary materials

B.1 Default

In the main text, we highlighted two competing interpretations of what the uniqueness of a CE under
active fiscal policy may mean. The first one, encapsulated in the concept of fiscal dominance, is that
the fiscal authority can guarantee that the private sector behaves according to this particular equi-
librium. Our preferred interpretation instead emphasizes that, even if we rule out non-equilibrium
behavior (now in the sense of NE), private agents could still coordinate on a different equilibrium,
forcing the government either to adjust taxes or to default. To further substantiate this interpreta-
tion, and to close the conceptual gap between the two different equilibrium concepts, we will now
explicitly accommodate government default.

In particular, we return to our general infinite-horizon model and modify it in the following way:
the government may apply a haircut on the initial real debt, that is, instead of repaying Dy it may repay
(1 - h)Dy, for some h € [0,1]. This does not affect the game representation and the characterization
of Nash equilibria: because default is a zero net transfer, household payoffs are invariant to it, just as
they were invariant to implicit default via inflation in the FTPL example of Section 3.5. The set of NE
thus remains exactly as characterized in Theorem 4.

What changes, though, is the Walrasian representation of the economy and, with it, the mapping

between NE and CE. In this extended setting, the household’s intertemporal budget constraint be-
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comes
o0 o0
Z Q:Cir=(1—h)Dy+ Z Q:(Yi:—Ty),
t=0 t=0

where Q; = 142 1R as before. Accordingly, the definition of a competitive equilibrium adjusts as

follows.
Definition 1. In the setting with default, a collection ((C;)iep,1, Y, IL R, T, h) is a competitive equilib-
rium (CE) if:

1. Households optimize, C; =6 ((1—h)D,,Y,T,R) foralli.

2. The output market clears,Y = C = [ C;di, and inflation satisfies the Phillips curve Il = 2 (Y).

3. The monetary and fiscal policy rules hold, R= % (Y,€™) and T = ((1- h)Do,Y,R,€/).

Compared to Definition 4, the only changes are the inclusion of / in the collection of objects that
constitute a CE and the replacement of Dy with (1 — k) Dy in the optimal consumption function and
the tax rule. While this modification is trivial, the value of incorporating an option to default becomes

clear in the next result.

Proposition B.1. Consider the Fiscal Theory of Output example: let Z(-) = B~ and T, = —e{ +71,Y; for
all t. There is still a single CE without default, but there is also a continuum of CEs with default (h = 0).

In particular, letting ¢* be the unique solution to

g1 *
D0+ ml’y{: , (B.1)
where € 60 = ,Btet , assuming Dy > 0 and Dy + 55 >0, and letting
1-6)D
Ty

the following is true: for any strictly positive ¢ € [¢,¢*], the NE in which consumers coordinate on Cy = ¢§

for all t translates to a CE in which the haircut is
Ty

(1-p) Do

Proof. The set of NEs is unchanged by the introduction of default, since default is payoff-irrelevant:

h= (E*=¢)elo1].

it is a transfer from bondholders to the government that nets out in the household’s lifetime budget
under the maintained assumption that households understand the government’s intertemporal bud-
get constraint. By Theorem 4, the NEs of this economy correspond to C; = ¢ for all ¢ and for arbitrary
& >0 (since R, = B! is pegged). Without default (h = 0), the government’s intertemporal budget con-

straint requires ¢ to solve (B.1), yielding the unique CE at £ = £*, exactly as in Section 3.5. Now allow
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default (h > 0). For a given NE at level ¢, the government’s intertemporal budget constraint under the

modified CE definition becomes

g1
(1—]’1)D0+€0 = ml’yé‘.
Subtracting this from (B.1) gives:
T
hDo = —2 *_g)
iy (& =¢)
which gives
T
h=——2— (& -¢).
(1-pB) Do " =¢)
For any strictly positive ¢ € [§,€ *], this delivers h € [0, 1]: the upper bound ¢ = &* gives h = 0, and the

f
0

h € 10,1], the tax rule is satisfied, and the household’s budget constraint under (1 — k) Dy is consistent

lower bound ¢ = ¢ gives h = min{1, 7,,¢*/((1 — B) Do)}, which equals 1 whenever &, > 0. In each case,

with the NE at level . Hence each such (¢, h) pair constitutes a valid CE. O

The economic content of this result is the following. The ability of an active fiscal policy to select
a specific NE, and thus to pin down a unique CE, here reflects the joint assumption that neither tax
adjustment nor default is available. Once the option to default is restored, the tight link between
the fiscal rule and a particular level of output breaks down: if households coordinate on a level of
spending ¢ < &*, the resulting tax revenue falls short of the amount needed to service the initial debt
Dy under the assumed fiscal rule; the government, unable or unwilling to adjust taxes, is compelled
to default on a fraction of its obligations, and this default precisely makes up the budgetary shortfall.
The haircut h is proportional to the gap {* — ¢ between the intended and the realized level of output.

Put simply, our earlier argument that consumers could coordinate on a different equilibrium than
the one selected by active fiscal policy, and thereby force the government to revise its policy or to
default, is now formalized: a NE in which consumers coordinate on C; = ¢ for strictly positive ¢ € [i &)
and the government nonetheless insists on not adjusting taxes triggers a haircut i proportional to
¢*—¢. Thelogic extends beyond this example: an active fiscal rule need not guarantee that households
will coordinate on a particular equilibrium, and the self-fulfilling forces emphasized throughout this

paper can no longer be obscured by the use of the CE concept in place of our NE concept.

Relation to the literature. In this extension, we added default while maintaining the original defi-
nition of active fiscal policy. One could, in principle, adjust this definition to include a commitment
not to default under any circumstances, and argue that an active policy redefined in this way can still
select a unique CE. This would amount to arguing that, out of the many NEs, there is one that hap-

pens to be consistent with both no tax adjustment and no default. We would still argue that rational
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Ricardian consumers could ignore fiscal policy and coordinate on a different NE, underscoring the
limitations of relying on active fiscal policy for equilibrium selection.

Bassetto (2002) also incorporates default, but does so in a model with flexible prices: as we have
emphasized throughout, the relevant equilibrium determinacy and selection issues are fundamen-
tally different in the New Keynesian framework, so we see an important gap between that paper and
ours. Similarly, a core thesis of that paper and Cochrane (2005, 2023), that nominal debt is unlike real
debt, does not apply in our framework: in the eyes of rational Ricardian households, nominal debt
erosion is equivalent to a haircut on real debt, and neither one has wealth effects. Households may
therefore choose not to condition their spending on fiscal policy, unless they expect their permanent

income to vary with it via the self-fulfilling mechanism articulated in this paper.

B.2 Deriving the IBC from rational expectations

This section formalizes the claim made in the main text that, even without imposing a no-Ponzi con-
dition on the government as a primitive, rational households can infer equation (24) from the knowl-
edge of the economy’s structure. The key idea is that, under the rational expectations hypothesis,
each household knows that all other households are rational and that their transversality conditions
are satisfied. From this, any household can deduce that the government cannot run a Ponzi scheme
against the household sector, and hence that the government’s intertemporal budget constraint must

hold in equilibrium.

Modified environment. Consider the infinite-horizon economy of Section 3, but suppose that the
government’s no-Ponzi condition lim;_.o, Q;+1D¢+1 = 0 is not imposed as a primitive. Each house-

hold i’s flow budget constraint is
Ajr1= Rt(Ai,t +Yi — T — Ci,t); Ajo = Dy.

The government’s flow budget D;,y = R;(D; — T;) continues to hold. All other primitives are un-
changed. Under these assumptions, iterating the household’s flow budget forward and applying the
transversality condition (TVC) lim;_., Qs+14; r+1 = 0, the necessary condition for household optimal-

ity under strict concavity and f € (0, 1), yields the household’s present-value budget with equality:
NPV(C;,R)=Dy+ NPV(Y;-T,R).
Similarly, iterating the government’s flow budget forward, but without the no-Ponzi condition, yields

Dy=NPV(T,R) + [lim Qr+1D¢+1.
— 00

59



Combining these two relations with Y; ; = C; gives the household’s budget as
NPV(C;,R) = NPV(C,R) + tlim Qi+1Dy41. (B.2)
—00

Therefore, if the government is allowed to run a Ponzi scheme, fiscal policy could be payoff-relevant.
The following result establishes that, as a consequence of household rationality, the government’s

budget constraint has to hold and the government could not run a Ponzi scheme.

Proposition B.2. Suppose households have knowledge of the economy’s structure and common knowl-

edge of rationality. Then, in any equilibrium, Dy = NPV (T,R).

Proof. In any equilibrium, each household i optimizes. Under strict concavity and g € (0, 1), the
transversality condition lim; .o, Qs+14;,:+1 = 0 is necessary for optimality. Iterating household i’s flow

budget forward and applying the TVC yields the present-value budget with equality:
NPV(C;,R) = Do+ NPV(Y; - T,R).

Since households understand that others are rational, the above equation holds for all households.

Integrating over households and using [ C; ;di=C;and [Y;;di=Y;:
NPV(C,R)=Dy+ NPV(Y-T,R).

Since households also understand the structure of the economy, in particular market clearing Y; = C;
for all ¢, we have NPV (C,R) = Dy+ NPV (C,R) - NPV(T,R). Cancelling yields Dy = NPV (T,R). There-

fore, households understand that debt equals the total present value of future tax liabilities. 0

B.3 Refinement under alternative monetary policy specifications

This section verifies that the uniqueness result of Proposition 4 extends to the standard linearized

three-equation New Keynesian model and to the case of a nominal interest rate peg.

The linearized three-equation model. Consider the standard system in log-deviations from the

zero-inflation steady state (y; =log(Y;/Y™), m; =logIl,):
aIs) Ye=Yt+1—0Ty,
(NKPC) T =KYi+ P,
(Taylor rule) i;=¢pm,+e},

where r; = i; — 14 is the real rate, o > 0 is the elasticity of intertemporal substitution, x > 0 is the
slope of the Phillips curve, ¢ € R is the Taylor-rule coefficient, and €} = 0 for £ = T. Substituting the

Taylor rule into the real rate gives r; = ¢, — 41 + €7
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Proposition B.3. Under Refinement 1, imposed for any H = T, the three-equation system admits a

unique equilibrium, regardless of ¢. In this equilibrium, {y;} and {n;} depend on €™ but not on fiscal
policy.

Proof. The refinementimposes y; =0 and 7; =0 for all £ = H. Combining (IS) with r; = ¢, —m11 +

!, the system reduces to a backward recursion: given (y+1,7+1),
m
Ve=Y1+t0M 1 —0Pn -0,

T =KYi+Pmisr.

At each date ¢ < H, these two equations jointly determine (y;, ;) from (y;11,7++1,€}"). Starting from
(yu,my) = (0,0) and iterating for t = H—-1,H - 2,...,0, there is generically a unique solution. Since
neither (IS), (NKPC), nor the Taylor rule involves fiscal variables, the equilibrium is independent of

fiscal policy. U

The contrast with standard practice is instructive. Without the refinement, the three-equation system
is solved forward, and the Blanchard-Kahn conditions require both eigenvalues of the companion
matrix to lie outside the unit circle—the Taylor principle (¢ > 1). The refinement replaces the bound-
edness condition at infinity with a terminal condition at finite date H, converting the problem to a

backward recursion that admits a unique solution for any ¢.

Nominal interest rate peg. Now let the monetary authority peg the nominal rate: i; = €/, corre-

sponding to ¢ = 0. The real rate is r; = €} — 7,41, and the backward recursion becomes

m
YVe=Y+1TO0 41 — O &L,
Ty=KYr+Pmrsa,

with (yg, my) = (0,0). This is the ¢ = 0 case of the system above.

C Dissecting equilibrium multiplicity

This section discusses the two distinct sources of equilibrium multiplicity in the non-linear New Key-
nesian model and the sense in which our refinement eliminates both. We first identify the two sources
and illustrate the second one, then make them concrete in the setting of Proposition 2, establishing
that the second source produces at most two equilibria per NPV. We then show that one of these two
equilibria is unstable. We finally show that, in the setting of Proposition 2, our refinement eliminates
both sources of mutliplicity.

As established in Theorems 1 and 4, the New Keynesian model admits a continuum of Nash equi-

libria regardless of the stance of monetary or fiscal policy. Multiple equilibria exist for two conceptu-
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ally distinct reasons.

Source 1: The New Keynesian Economy is demand-determined. Because the New Keynesian econ-
omy is fully demand-determined and the cumulative lifetime MPC equals one, the economy’s in-
tertemporal strategic complementarity is exactly one. Different levels of permanentincome ¢ = NPV(C,R)
therefore correspond to different equilibria, generating a continuum parameterized by ¢. This is the
mechanism at the heart of fiscal dominance: an active fiscal rule selects a particular ¢ by requiring

that the government’s intertemporal budget constraint holds.

Source 2: Non-linear feedback from the monetary policy rule. Even holding permanent income ¢

fixed, there may be multiple output paths C satisfying the Euler equation and delivering NPV(C,R(C)) =
¢. This occurs because the interest rate depends on the level of output, creating a nonlinear feedback:

for example, if the monetary policy rule is active, higher output raises the interest rate, which dis-

counts future output more heavily despite having faster output growth. The permanent income is

potentially unchanged even as the composition of spending shifts. This source is generically discrete

(at most two equilibria per ¢ in the setting of Proposition 2, as we show below).

Figure C.1 illustrates the second, type-2 source of multiplicity directly. The horizontal line fixes
an NPV ¢&; because vy(cp) is non-monotone, two distinct initial spending levels, 064 and c{f, satisfy

vo(co) = ¢ and therefore launch different equilibrium paths with the same permanent income.

Type-2 Multiplicity: Same NPV

Co

Vo(Co)

2 4
14 — Vo(Co)
==+ same NPV &
0 T T T T T T
1 2 3 4 5 6

Co

Figure C.1: Type-2 multiplicity: multiple equilibrium paths yielding the same NPV (o = 0.5, ¢ =
2.5, f=0.96; no shocks).
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Revisit the standard practice. Consider the setting of Proposition 2: U(C) = ﬁcl—” 9 and R; =
B LY,/ Y*)Pe™ witho #1,0¢ > —1,and € = 1 for  large enough. Following the proof of Proposition
2, iterating the Euler equation forward gives ¢; = cg‘t Ky, where ¢, = C,/Y*, a=1+0¢, and y; >0
collects the shocks. The normalized permanent income is
vo(co) = i Blwicy',  er= w,
t=0 o
where w; > 0 depends only on the shock sequence and ey = 1. The two sources of multiplicity can be
read directly off vy: Source 1 corresponds to vy taking a continuum of values; Source 2 corresponds to

Vo being non-injective. Whether vy is monotone depends on the signs of e;:

* ¢ <0 (passive monetary policy): a € (0,1] and e; > 0 for all #, so vy is strictly increasing. Each ¢

corresponds to a unique equilibrium. (Only Source 1)
* $>0,0=1: a>1ande; =1 forall z. Again v is strictly increasing. (Only Source 1)

* ¢ > 0 (active monetary policy), 0 < 1: @ > 1 but e; — —co. The function vy is non-monotone
(U-shaped), so two distinct ¢y values could potentially deliver the same ¢. (Both Sources 1 and
2)

When ¢ > 0, only one Euler solution converges to Y* (the bounded equilibrium). The remaining
solutions are “unbounded” but deliver finite NPV. Most differ from the bounded equilibrium in their
permanent income (Source 1). When o < 1, some share the same permanent income but follow a

different trajectory (Source 2), because the U-shape of vy allows two ¢ values to deliver the same ¢.

Proposition C.1. Assume the hypotheses of Proposition 2, and let D denote the admissible set of initial

conditions characterized in its proof:

(0,00), ¢=0,

= ~1/aTm

D=4(,¢, ¢>00>1, c=urp, ' “, a=l+od.

[C,00), ¢>0,0<1,

Then:
(i) Ifp <0, orifp >0 and o > 1, the map vy is strictly increasing on D. Hence every attainable
¢ € vy(D) is delivered by exactly one equilibrium.

(ii) If ¢ > 0 and o < 1, then every attainable ¢ € vy(D) is delivered by at most two equilibria.

Proof. For part (i), note that in both cases all exponents e; are strictly positive, while all coefficients

Blw; are strictly positive. Hence each term
ﬁ L‘w ; Cgt
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is strictly increasing in ¢y, and therefore so is
oo
volco) = Y Blwicy
=0
on the admissible domain D. This gives injectivity. For part (ii), set

o0
ar=p'w;>0,  gx)=wvole*) =) ae’”
=0

defined on I =log D. By Proposition 2, the series is finite on D, hence g is well defined on I. We claim

that g is strictly convex. Let x # y and A € (0,1). Then, term by term,
a e WHI=IN < 4 g0 4 (1-A)ae?.
Summing over t gives

gAx+(1-ANy)=Agx)+ 1 -A1)g).

The inequality is strict because the ¢ = 0 term is

ape®* = e*,

and e* is strictly convex. Hence g is strictly convex on I. A strictly convex function intersects any

horizontal line at at most two points. Therefore, for any attainable ¢, the equation

gx)=¢
has at most two solutions in I. Since x =logcy is one-to-one, the equation
vo(co) =¢
has at most two solutions in D. 0J

When Source 2 is active, a natural question is whether both equilibria are equally robust. To answer

this, fix a level of NPV ¢ > 0 and consider the game in which each household solves,
%(C;,C,e" Zﬁ{ )=V, st NPV(C,2(C))=¢.

Constraints are incorporated with the same approach as in the main text. We show that one of the two
equilibria is unstable under iterated best responses. From the proof of Proposition 2, the aggregate
interest-rate path R, = 7! (cg‘[ ,ut)(be’t" depends only on the aggregate cy and on the shock sequence,
not on any individual household’s choice. The household’s individual Euler equation U’ (C; ;) = BR; U'(C; t41)

therefore gives
Ci ,t+1

= (BR,)°,
Cit (PR
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so that, iterating forward from C; o =c; o Y ™:
-1
cie=Cio | [(BRsC.
s=0

The product depends only on the aggregate path, not on the household’s own choice. The household’s
NPV is therefore linear in its initial choice c; o:

Vo (o)

NPV(C;,R) = c;j0-Q(co),  Qlco) = .
0

- er—1
— Z ﬁtwtcot ,
t=0

where w; > 0 collects the shocks, exactly as in Proposition 2. Here Q(cy) is the present value of a unit
of initial spending, evaluated at the aggregate interest-rate path. Setting NPV = ¢ and solving for the
household’s optimal c; o yields the best response:

¢
Qco)

A Nash equilibrium at permanent income ¢ is a fixed point ¢y = BR(cy; ¢), equivalently vy(cy) =¢.

BR(co; ¢) = (C.1)

Proposition C.2. In the setting of Proposition 2 with ¢ > 0 and o < 1, suppose  admits two equilibria
c(’;l < cg. Then:

Equilibrium A (on the descending branch of vy) is unstable: BR (c(‘;‘) >1.

Equilibrium B (on the ascending branch of vy) is stable: IBR’(C(?)I <1.

Proof. In the setting of Proposition 2 with ¢ > 0 and o < 1, since g(x) = vy(e”) is strictly convex, vy is
U-shaped with a unique minimum at some c;; the two equilibria satisfy ¢f' < ¢; < ¢g, so v}(cg") <0<

vy (cP). Let

vol(c s _
Q(cy) = olco) _ Y Blwcy L
=0

Co
Then
BR(cy;¢) = .
(€o; ) Q)
At a fixed point ¢j, where vy(cy) = ¢ = ¢y Q(c;), one has
vl (cH)
BR(¢))=1- 22,
Q(cy)

At the left equilibrium ¢' (descending branch), vj(c{) <0, hence
BR'(c{h>1,

so ¢f! is locally unstable. At the right equilibrium ¢? (ascending branch), vj(c?) > 0, so BR'(c§) < 1.

Moreover,

vo(co) —Q(co) = ;)ﬁtwt(et - l)cgt_l'
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The ¢ = 0 term vanishes because ey = 1, and for £ = 1 one has e; — 1 < 0 and w; > 0, so every remaining

term is negative. Therefore
0<vh(cd) <),
which implies
0<BR'(c})<1.
Hence c¢f is locally stable. O

The economics is transparent: Q(cy) = {/¢; is the average permanent income per unit of initial spend-
ing. On the descending branch (v} < 0), higher aggregate ¢, reduces permanent income, so house-
holds must raise initial spending more than one-for-one to meet their target. On the ascending branch
(vy > 0), higher ) raises permanent income, dampening the feedback. The stable equilibrium is the

one on which the natural comparative statics obtain.

(a) Permanent income vq(cp) (b) Best response vs. 45° line
3.57
— vp(Co) = DBt cE —— 45° line
74 o E —— BR(co; §) = &/Q(co)
@ Eq. A (unstable) 3.01 @ Eq.A (unstable)
[ Eq. B (stable) B Eq. B (stable)
61 254 slope = 0.41
5 4
= W 2.0 4
S4 S
s =4 1.54
3 m
2] 1.0
descending ascending slope = 2.97
b + branch
1< ranch ranch 0.5<
0 : : . . . . . 0.0 : : : : : : .
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 05 10 15 20 25 3.0 35
Co Co

Figure C.2: Source 2 multiplicity and stability (o = 0.5, ¢ = 2.5, f = 0.96; no shocks).

We now show that Refinement 1 eliminates both sources simultaneously, by converting the for-
ward recursion (which requires a global NPV condition to pin down cp) into a backward recursion

from a terminal condition (which uniquely determines each C; given C;1).

Proposition C.3. Make the same assumptions as in Proposition 2, with €' = 0 for t = T (in log-

deviations). Impose Refinement 1 for arbitrary H = T. Then there is a unique equilibrium, regardless of
.

Proof. In log-deviations y; = log(C;/Y™), the Euler equation is (1+0¢) y; = ys41 —0€}’. Let 6 =
1/(1 + o¢). The refinement imposes y; = 0 for £ = H. Backward induction gives y; =0 for t = T, and
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fort=T-1:

Td-t
— m
Yi=—-00 kg 0" €k

=0

Each y; is uniquely determined. Since C; = Y*e’* is finite and positive, NPV(C,R) < oo, confirming a
valid NE. 0J
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