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Abstract
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economy with nominal government debt and flexible prices. Unlike in represen-
tative agent economies, steady-state equilibria exist when the government runs
persistent deficits, provided the level of deficits is not too large. We quantify
the maximum sustainable deficit for the US and show that it is lower under
more redistributive tax and transfer systems. With constant primary deficits,
there exist two steady-states, and the price level and inflation are not uniquely
determined. We describe alternative policy settings that deliver uniqueness.
We conduct quantitative experiments to illustrate how redistribution and pre-
cautionary saving amplify price level increases in response to fiscal helicopter
drops, deficit expansions, and loose monetary policy. We show that rising pri-
mary deficits can account for a decline in the long-run real interest rate, leading
to permanently higher inflation. Our work highlights the role of household het-
erogeneity and market incompleteness in determining inflation dynamics.
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1 Introduction1

We develop a framework to study the causes and consequences of price level dynam-2

ics in an economy with three features: (i) a fiscal authority issues nominal debt to3

finance committed real expenditures and transfers to households; (ii) a monetary au-4

thority sets the short-term nominal rate on government debt;(iii) financial markets5

are incomplete, so households have a precautionary motive to accumulate savings in6

order to self-insure against idiosyncratic income risk.7

Our interest in economies with the first two features is motivated by institutional8

arrangements in the real world. Such economies have been extensively studied, most9

recently under the label Fiscal Theory of the Price Level (FTPL).1 They have also10

been a useful lens to analyze the most recent bout of inflation that followed large11

expansions in government borrowing, a global supply shock due to the COVID-1912

pandemic, and sharp interest rate movements by central banks around the world.13

This literature has focused almost entirely on representative agent economies.14

Our motivation for extending this analysis to “Bewley” economies (Bewley, 1987)15

with heterogeneous agents and incomplete markets is three-fold. First, heterogeneous16

agent models generate consumption responses to income and interest rates that are17

consistent with the vast body of micro-economic evidence on the joint dynamics of18

household income and spending.2 This property is important because household19

spending pressure is a key force shaping inflation and interest rates in equilibrium.20

Second, household heterogeneity has played an important role in both the drivers21

and consequences of the current inflationary episode. Governments issued vast quan-22

tities of new debt to finance transfers that were targeted to certain groups of house-23

holds. The ongoing spending pressures that are leading many government to run24

persistent deficits are also highly targeted. Quantitative heterogeneous agent models25

are a natural environment to study the implications of such interventions, as well as26

the distributional effects of shocks and subsequent policy responses.27

1The FTPL literature, which has its roots in Sargent and Wallace (1981) and builds on Leeper
(1991), Sims (1994), Woodford (1995) and Cochrane (1998) is too vast to cite in full. See the
handbook chapter by Leeper and Leith (2016) and book by Cochrane (2023) for a synthesis of the
reach of FTPL models.

2See for example the review article by Kaplan and Violante (2022).
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Third, working in a heterogeneous-agent incomplete-market setting also overcomes a28

limitation of representative agent FTPL models that makes their application to cur-29

rent macroeconomic conditions problematic. Standard representative agent models30

require governments to run positive primary surpluses in expectation at all points31

in time. However, in recent decades the US has consistently run primary deficits,32

and the fiscal positions of the US and many other developed economies look unlikely33

to return to surpluses anytime soon.3 Heterogeneous agent versions of these models34

offer a natural setting in which to study price level dynamics with persistent primary35

deficits. In these versions, the real return on government debt r is less than the growth36

rate of the economy g, which is also a feature of recent macroeconomic conditions.37

This motivation leads us to start building a bridge between the well-studied38

representative-agent FTPL and workhorse heterogeneous-agent models in the tra-39

dition of Bewley (1987), Imrohoroğlu (1989), Huggett (1993) and Aiyagari (1994). In40

this paper, we take a first step by focusing on flexible-price economies.441

Theoretical Analysis. We begin by analyzing an endowment economy in which42

the government runs positive primary surpluses and r > g. Here, the conditions on43

monetary and fiscal policy for the price level and inflation to be uniquely determined44

are essentially unchanged from corresponding representative agent economies. There45

are, however, important quantitative differences that reflect the role of precaution-46

ary savings. Unlike in the representative agent economy, in the heterogeneous agent47

economy changes in fiscal policy lead to movements in the real interest rate. This48

is because a change in either the level of debt, or the size and distribution of sur-49

pluses alters the overall demand for savings among households. For a given setting50

of monetary policy, these different real rate dynamics imply different paths of infla-51

tion. It also means that there are non-trivial inflation dynamics following a one-time52

fiscal helicopter drop, and that the path of inflation depends on the targeting of the53

fiscal injection. We use a modified representative agent model with bonds in the54

3With the exception of 1998-2001, the US has not run a primary surplus since 1970. See Se-
ries FYFSD from FRED, Federal Reserve Bank of St. Louis, https://fred.stlouisfed.org.
Moreover, the May 2023 10-year budget projections of the Congressional Budget Office (CBO)
estimate that deficits will remain negative at least until 2033: https://www.cbo.gov/data/

budget-economic-data
4In ongoing work we extend to economies with nominal rigidities. See Kaplan et al. (2023).
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utility function to provide intuition for these forces. We then analyze the same55

heterogeneous-agent economy but with a government that runs a constant primary56

deficit and r < g. We show that, as long as the level of deficits is not too large, equi-57

libria with a finite price level where debt is valued exist. The maximum possible level58

of deficits is decreasing in the amount of redistribution implicit in the tax and trans-59

fer system: more redistribution reduces aggregate precautionary saving and increases60

real interest payments on debt. For lower levels of deficits, there are generically two61

steady-states. Thus, without additional assumptions, standard FTPL arguments do62

not uniquely pin down the price level or the path of inflation. The steady-states are63

Pareto ranked, with the high debt, high interest rate, low inflation steady-state deliv-64

ering larger welfare to every household. The low inflation steady-state is saddle-path65

stable: there is a unique initial price level and subsequent path of inflation and real66

rates leading to that steady-state. The high inflation steady-state is locally stable:67

there is a continuum of initial price levels that support paths of inflation leading to68

that steady-state.69

We discuss various extensions that deliver a unique prediction for the price level70

and inflation. First, we propose modifications to the model that eliminate the high71

inflation steady-state altogether, leaving only a unique saddle-path stable steady-72

state. These modifications include (i) fiscal reaction rules that allow the level of73

surpluses to respond to deviations of real debt or the real rate from steady-state; and74

(ii) the introduction of a foreign sector with a relatively inelastic demand for domestic75

government debt. Second, we propose a policy environment in which the central76

bank successfully coordinates private sector expectations about long-run inflation.77

By anchoring long-run inflation expectations to be consistent with the saddle-path78

stable steady-state, uniqueness is also achieved in the short run, because all the79

equilibria that converge to the high inflation steady-state are eliminated.80

With uniqueness of equilibria in hand, we move to the quantitative analysis.81

Quantitative Policy Messages. In the quantitative part of the paper, we conduct82

a series of experiments to illustrate lessons for policy that emerge in the heteroge-83

neous agent setting, but are concealed in more traditional representative agent FTPL84

environments.85

First, we consider the effects of permanently increasing deficits. We calculate86
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that if the government were to permanently increase lump sum transfers to house-87

holds without raising taxes, the largest sustainable primary deficit would be 4.6% of88

GDP, or 40% higher than current levels. The maximum sustainable deficit depends89

on the degree of social insurance: expanding deficits in a more progressive manner90

implies lower maximum deficits. The reason is that tax systems that provide more91

social insurance weaken precautionary savings, thus lowering household demand for92

government debt. More progressive tax systems therefore reduce fiscal space.93

A permanently higher deficit is associated with a lower steady-state real interest94

rate and less real government debt, as well as a higher long-run inflation rate for a95

given nominal rate target. This is because a larger deficit must be funded by larger96

real interest receipts, which require a more negative real rate. The heterogeneous97

agent framework thus offers an alternative interpretation of discussions around secular98

stagnation by highlighting the connection between a rising primary deficit, falling real99

rates and rising inflation.100

Next, we study the effects of issuing new debt while holding primary deficits101

constant: a fiscal helicopter drop. We consider a helicopter drop of around 16% of102

annual GDP, roughly the size of the fiscal expansion in the US over the course of103

the COVID-19 pandemic. Consistent with the representative agent experiments in104

Cochrane (2022), we find that this generates an immediate jump in the price level.105

However, relative to the representative agent benchmark, in our economy there is106

an additional 30% initial increase in the price level. This amplification is driven by107

redistribution and heterogeneity of marginal propensities to consume (MPC): in the108

heterogeneous agent economy, the dilution of nominal debt entails large amounts of109

redistribution from wealthy to poor households. This reallocation of wealth generates110

upward pressure on consumption, which increases real rates and interest payments111

on government debt, thereby causing a larger initial jump in the price level. A112

targeted helicopter drop such as that implemented in the US, which targets high113

MPC households, fuels additional short-term inflationary pressures.114

Lastly, we study the effects of purely redistributive policies that hold both debt115

and deficits constant, and show that budget neutral redistribution is inflationary. We116

illustrate these effects by way of numerical experiments in which the government levies117

a one-time wealth tax on household in the top percentiles of the wealth distribution,118
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and redistributes the proceeds lump-sum to households in the bottom half of the119

wealth distribution. As with the fiscal helicopter drop, real redistribution towards120

high MPC households leads to a temporarily higher real interest rate and a downward121

revaluation of real assets through a jump in the price level.122

Related Literature. Our paper belongs to a small but growing literature that123

moves beyond the representative agent model and explores the FTPL with incomplete124

markets. Bassetto and Cui (2018) show that a model of overlapping generations and125

a model in which government debt provides special liquidity services can give rise to126

multiple steady-states in which the real interest rate on government debt is below the127

growth rate of output. They emphasize that the FTPL can fail to yield price level128

determinacy in these settings. Brunnermeier et al. (2020, 2022), Miao and Su (2021)129

and Amol and Luttmer (2022) all study models with idiosyncratic risk in the rate of130

return on capital, and explore settings for fiscal policy that can establish price level131

uniqueness in low interest rate environments.132

Our work differs from these papers in three respects. First, we investigate the133

implications of the FTPL in a Bewley (1987) economy in which market incompleteness134

arises from uninsurable labor income risk.5 In doing so, we emphasize the importance135

of MPC heterogeneity in driving price level and inflation dynamics. Second, we136

explore a wide class of fiscal, monetary, and institutional specifications and show how137

they lead to price level uniqueness in models where the government runs persistent138

primary deficits. Third, we quantitatively explore the response of economic aggregates139

to unanticipated shocks in low-interest rate economies with persistent deficits. To the140

best of our knowledge, the messages we deliver about the role of precautionary savings141

and MPC heterogeneity in driving price level, inflation and real rate dynamics in this142

class of economies are novel.6143

Our work also relates to the literature that studies the implications of low interest144

5Hagedorn (2021) also explores price-level determination in a “Bewley” economy with nominal
government debt, but focuses on a different class of fiscal policies outside FTPL.

6Some qualitative aspects of our analysis, such as equilibrium multiplicity with deficits, share
features with certain monetarist economies. See, for example, Chapter 18 of Ljungqvist and Sargent
(2018).
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rate environments for government borrowing (Aguiar et al., 2021; Blanchard, 1985,145

2019; Cochrane, 2021; Kocherlakota, 2023; Mehrotra and Sergeyev, 2021; Reis, 2021).146

This body of work emphasizes that the government can roll over debt indefinitely147

when the real interest rate on government debt is below the growth rate of the econ-148

omy.7 We show that this stark conclusion is correct only up to a limit: there is a149

finite upper bound on primary deficits for there to exist an equilibrium in which gov-150

ernment debt is valued. We quantify this bound in our calibrated model for the U.S.151

economy and illustrate how it depends on the level of uninsurable income risk and on152

the degree of fiscal redistribution.8153

Finally, our work highlights the importance of household heterogeneity in deter-154

mining interest rates and inflation. As such, it relates to work that explores the155

distributional consequences of monetary policy and inflation (Doepke and Schneider,156

2006; Coibion et al., 2017; McKay and Wolf, 2023) and the role of agent heterogeneity157

in amplifying economic outcomes (Auclert et al., 2018; Kaplan et al., 2018; Auclert,158

2019). In particular, we show that unanticipated changes in the price level can give159

rise to non-trivial, persistent dynamics in the real interest rate and inflation due to160

heterogeneous wealth effects across the distribution.161

2 Model Environment162

2.1 Households163

Demographics. Time is continuous and is indexed by t ≥ 0. The economy is164

populated by a continuum of households indexed by j ∈ [0, 1].165

Endowments. Real aggregate output yt is exogenous and grows at a constant rate166

g ≥ 0. Household j receives a stochastic share zjt of aggregate output. The shares167

zjt are independent across households and a law of large numbers holds so that there168

is no economy-wide uncertainty,169 ∫
j∈[0,1]

zjtdj = 1 for all t ≥ 0. (1)

7Angeletos et al. (2023) show that in non-Ricardian economies with nominal rigidities, it is
possible for government deficits to be self-financing, even when r > g.

8The insight that the size of fiscal space depends on the use the government makes of this space is
shared by Mian et al. (2021a) and Amol and Luttmer (2022). However, precautionary saving plays
no role in the two-agent model of Mian et al. (2021a), and redistribution plays no role in the model
of Amol and Luttmer (2022) where all agents have the same MPC. In our economy, the strength of
consumption insurance and fiscal redistribution forces determined endogenously in equilibrium.
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In our baseline model we assume that zjt follows an N -state Poisson process with170

switching intensities λz,z′ . The lowest value of the endowment share z is strictly171

positive, z > 0, from which it follows that the natural borrowing limit is below zero.9172

Not For Publication Appendix G presents a model in which zjt follows a diffusion.173

Assets. Households trade a short-term risk-free bond that yields a nominal flow174

return it. We denote the nominal bond holdings of household j at time t by Ajt. This175

asset is the unit of account in the economy, and we let Pt denote the price of output176

in terms of this short-term bond.177

Preferences. Households take the path of aggregate variables {Pt, it, yt}t≥0 as given178

and choose real consumption flows c̃jt to maximize179

E0

∫
e−ρ̃t

c̃1−γjt

1− γ
dt (2)

with γ ≥ 0, where the expectation is taken over the idiosyncratic endowment process180

zjt. We denote the household’s discount rate by ρ̃ > 0.181

Nominal Household Budget Constraint. Initial nominal assets Aj0 are given.182

For t > 0, households face a flow budget constraint183

dAjt = [itAjt + (zjt − τt(zjt))Ptyt − Ptc̃jt] dt. (3)

The path of tax and transfer functions τt(z) is set by the fiscal authority and is de-184

scribed in more detail below. Nominal savings dAjt are equal to the sum of asset185

income itAjt and endowment income net of taxes and transfers (zjt − τt(zjt))Ptyt,186

minus consumption expenditures Ptc̃jt. In our baseline model we assume that house-187

holds cannot borrow Ajt ≥ 0, but we relax this assumption in Section 5. Online188

Appendix E.1 contains an analysis of the model with borrowing.189

Price Level and Inflation. Since this is a flexible-price economy, the price level190

Pt may exhibit jumps. For ease of notation and exposition, we restrict the price level191

to jump only at t = 0, after which it follows a deterministic path.10 Since there is no192

9In our quantitative experiments in which we allow for borrowing, the interest rate on loans is
always positive so the natural debt limit is well-defined.

10Studying perfect foresight solutions with a single probability-zero jump at time zero is commonly
maintained in FTPL models (Leeper, 1991; Sims, 2011; Cochrane, 2018). The absence of aggregate
uncertainty implies that the price level cannot exhibit jumps for t > 0 in discrete time, representative

7



intrinsic (i.e., fundamental) aggregate uncertainty, this implies perfect foresight over193

aggregate variables for t > 0. For t > 0, we define the inflation rate by194

dPt
Pt

= πtdt. (4)

De-trended Real Household Budget Constraint. We denote de-trended real195

assets and de-trended real consumption as196

ajt :=
Ajt

Pty0egt
cjt :=

c̃jt
y0egt

(5)

For t > 0, we can re-write the nominal budget constraint (3) in de-trended real terms:197

dajt = [rtajt + zjt − τt(zjt)− cjt] dt (6)

where198

rt := it − πt − g (7)

is the growth-adjusted real rate. At t = 0, de-trended real assets aj0 are given by the199

ratio of initial nominal assets Aj0 to the endogenous initial price level P0.200

Relative Asset Holdings. Let At and at denote aggregate nominal and aggregate

de-trended real household assets, respectively:

At :=

∫
j∈[0,1]

Ajtdj at :=

∫
j∈[0,1]

ajtdj

We denote the share of assets held by household j at time t by ωjt :=
Ajt

At
=

ajt
at
, with201 ∫

j∈[0,1]
ωjtdj = 1 for all t ≥ 0. (8)

Recursive Formulation of Household Problem. Given paths of real rates rt202

and taxes τt, the household problem can be expressed recursively via the Hamilton-203

Jacobi-Bellman Equation (HJB)204

ρVt(a, z)− ∂tVt(a, z) = max
c

c1−γ

1− γ
+ ∂aVt(a, z) [rta+ z − τt(z)− c]

+
∑
z′ ̸=z

λz,z′ [Vt(a, z
′)− Vt(a, z)] , (9)

agent FTPL models (Cochrane, 2023).
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together with the boundary condition ∂aVt(0, z) ≥ (z− τt(z))
−γ that ensures that the205

borrowing constraint a ≥ 0 is satisfied. The growth-adjusted discount rate ρ in (9) is206

defined as ρ = ρ̃− (1− γ)g.207

The optimal consumption function ct(a, z) that solves the HJB is defined by208

ct(a, z) = [∂aVt (a, z)]
− 1

γ . (10)

The associated savings function is denoted by209

ςt(a, z) := rta+ z − τt(a, z)− ct(a, z) (11)

If a value function Vt(a, z) solves the HJB (9) and satisfies the boundedness condition210

lim
T→∞

ET
[
e−ρTVT (ajT , zjT )

]
= 0, (12)

then the stochastic process for consumption defined by (10) solves the sequence ver-211

sion of the household problem (2).11212

The distribution of households across real asset holdings and endowment shares213

gt(a, z) satisfies the Kolmogorov Forward Equation (KFE)214

∂tgt(a, z) = −∂a [gt(a, z)ςt(a, z)]− gt(a, z)
∑
z′ ̸=z

λz,z′ +
∑
z′ ̸=z

λz′,zgt(a, z
′). (13)

Let ft(ω, z) denote the distribution of households across asset and endowment shares.215

For a given path of aggregate real wealth at, ft(ω, z) and gt(a, z) are related by216

ft(ω, z) = gt(ωat, z). (14)

The KFE is a backward-looking equation where the initial distribution g0(a, z) is217

given.218

2.2 Government219

Nominal Government Budget Constraint. We assume a fiscal authority that220

issues short-term nominal government debt Bt subject to the budget constraint:221

11See Theorem 3.5.3 in Pham (2009). The expectation in (12) is with respect to the stochastic
process for idiosyncratic income and assets for household j, given by the budget constraint (6).
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dBt = [itBt − stPtyt] dt (15)

where st is the ratio of primary surpluses to output and is determined by the tax and222

transfer function as223

st =

∫
j∈[0,1]

τt (zjt) dj (16)

Equation (15) defines the evolution of nominal government debt. This is a backward-224

looking equation where the initial level of nominal government B0 > 0 is given. We225

restrict Bt ≥ 0 so that the government can only borrow and not lend.12226

De-trended Real Government Budget Constraint. We denote de-trended real227

government debt (or the debt-output ratio) by bt,228

bt =
Bt

Pty0egt
. (17)

For t > 0, real debt bt evolves according to the real version of the government budget229

constraint given by (15):230

dbt = [rtbt − st] dt. (18)

Real debt increases whenever real interest rate payments exceed real primary sur-231

pluses. At t = 0, de-trended real debt b0 is a jump variable given by the ratio of232

exogenously given initial nominal debt B0 to the endogenous initial price level P0.233

Fiscal Policy. For our baseline analysis we focus on a time-invariant tax and trans-234

fer function τt(z) = τ ∗(z), so that surpluses or deficits are a constant fraction of real235

output st = s∗. In Section 4.3, we generalize the analysis to allow for a broader class236

of fiscal rules of the form237

st = s(bt, rt). (19)

These rules allow primary surpluses to respond to real aggregate debt, real interest238

rates or real interest payments and play an important role in determining the price239

level when governments run persistent deficits, st < 0.240

Monetary Policy. For our baseline analysis we focus on a nominal interest rate241

peg it = i∗. In our quantitative analysis in Section 5 we allow for long-term debt242

12Introducing government consumption would be subsumed in st in Equation (15), thereby leaving
the key mechanisms of our model unchanged.

10



and a richer class of Taylor-type rules for nominal interest rates. We also discuss how243

allowing for other monetary rules affects our results about the determination of the244

price level and inflation in Section 2.3.245

2.3 Equilibrium246

We first define a real equilibrium as a collection of real variables which satisfy house-247

hold optimality, are consistent with their laws of motion, and obey market clearing.248

Definition 1. Given (i) a constant tax and transfer function τ ∗(z); and (ii) an249

initial distribution of households across asset and endowment shares f0(ω, z), a real250

equilibrium is a collection of variables:251

{Vt(a, z), ct(a, z), ft(ω, z), gt(ωat, z), at, bt, rt}t≥0 (20)

such that, for all t ≥ 0:252

1. the value function Vt(a, z) solves the HJB (9) and satisfies the boundedness253

condition (12)254

2. the consumption function is defined by (10)255

3. the distribution of asset levels gt(ωat, z) solve the KFE (13)256

4. the distribution of household endowment shares ft(ω, z) satisfies (14)257

5. the path of government debt bt satisfies the government budget constraint (18)258

6. the asset market clears, at = bt259

Note that by Walras’ law, asset market clearing implies that the goods market clearing

condition is also satisfied: ∫
j∈[0,1]

cjtdj = 1 for all t ≥ 0.

Price Level and Inflation Determination. Under our assumptions about mon-

etary and fiscal policy, each real equilibrium implies a unique initial price level P0 and

a subsequent unique path of inflation πt. These are determined as follows. Each real

equilibrium contains an initial value of real government debt b0. Since initial nominal

debt B0 is given, the initial price level is determined as

P0 =
B0

b0
.
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The path of inflation is uniquely determined by the equilibrium path of real rates

rt and the nominal rate i∗ which is set by the monetary authority as

πt = i∗ − rt − g.

It follows that uniqueness of uniqueness of a real equilibrium implies uniqueness of260

the price level. If there is more than one real equilibrium then there will be more than261

one possible path for the price level. But if the real equilibrium is unique, then there262

is only one possible path for the price level Pt for t ≥ 0, which is determined by initial263

nominal debt and monetary policy. As a result, we focus most of our analysis on the264

existence and uniqueness of real equilibria, with the understanding that whenever the265

real equilibrium is unique, so too is the price level and inflation.266

Monetary Policy Rules. With flexible prices, the equivalence between unique-267

ness of real equilibria and uniqueness of the path of prices does not depend on our268

assumption of a nominal interest rate peg it = i∗. If the monetary authority instead269

follows an instantaneous feedback Taylor Rule of the form270

it = i∗ + ϕm(πt − π∗) (21)

then inflation is uniquely determined as

πt =
i∗ − ϕmπ

∗ − rt − g

1− ϕm
.

If the monetary authority follows a lagged feedback Taylor Rule of the form271

dit = −θm [it − i∗ − ϕm(πt − π∗)] dt (22)

then initial inflation is determined as π0 = i0 − r0 − g and subsequent inflation is

determined as the unique forward solution to the ordinary differential equation

dπt = −θm [πt − ϕm(πt − π∗) + rt − (g − i∗)] dt− drt.

Depending on parameter configurations, prices and inflation may not remain bounded,272

but there is nothing in the equilibrium definition that rules out such paths.273
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3 Primary Surpluses s∗ > 0274

We start by showing uniqueness of equilibrium when the fiscal authority runs positive275

primary surpluses. We use an example to illustrate the different dynamics in the276

heterogeneous agent economy compared to its representative agent counterpart.277

3.1 Stationary Equilibrium278

Household Asset Demand. In a stationary equilibrium, the real rate rt is con-

stant. Under regularity conditions that are well understood, with a constant interest

rate r and transfer function τ ∗(z), the solution to (9) and (13) implies a unique

stationary distribution g (a, z; r).13 We use this result to construct a function a(r)

that maps different interest rates into the aggregate quantity of real assets held by

households in the corresponding stationary distribution,

a (r) :=

∫
a,z

ag(a, z; r)dadz

It is well known that limr→ρ a (r) = ∞. In addition we will assume that the function279

a (r) is continuous, differentiable and strictly increasing.14 In Online Appendix C.2280

we show that there exists an interest rate r < 0 below which households do not hold281

any assets in the stationary distribution, so that a (r) = 0 for all r ≤ r. The blue line282

in Figure 1 labelled a (r) is an example of a typical stationary asset demand function.283

Government Asset Supply. In a stationary equilibrium, the government budget284

constraint defines a steady-state asset supply function b(r). This is obtained by285

setting dbt = 0 in (15),286

b(r) =
s∗

r
. (23)

Since bt ≥ 0, this supply function takes the shape of a downward-sloping hyperbola287

in the positive quadrant as illustrated by the red line labelled b (r) in Figure 1.288

Stationary Equilibrium. A stationary equilibrium requires that a(r) = b(r), so289

that the asset market clears. Given our assumptions, there is a unique stationary real290

equilibrium shown as (b∗, r∗) in Figure 1. The assumption that primary surpluses are291

positive s∗ > 0 implies that the stationary equilibrium real rate r∗ is positive.292

13See e.g. Bewley (1995), Stokey et al. (1989), and Aiyagari (1994).
14Achdou et al. (2022) show that sufficient conditions for this to be true are γ ≤ 1 and a ≥ 0.
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a(r)

rRA = ρ

r

aRA(r)

b(r)

bRA b∗

r∗

real assets
r

Figure 1: Steady state equilibrium with positive surpluses

The unique stationary equilibrium in the corresponding representative agent econ-293

omy is the point (bRA, rRA) in Figure 1. In this economy the household asset demand294

curve is perfectly elastic at r = ρ. As is well known, in the heterogeneous agent295

economy the real rate is lower and the level of real government debt is higher than in296

the representative agent economy.297

3.2 Non-Stationary Equilibrium298

Because there is a unique stationary real equilibrium, in order to pin down the price299

level and inflation it suffices to rule out multiplicity of non-stationary real equilibria.300

Before tackling the heterogeneous agent economy, it is useful to recap the argument301

in the representative agent economy.302

Uniqueness in Representative Agent Economies. In a representative agent

economy, consumption satisfies an Euler equation of the form

dct
ct

=
1

γ
(rt − ρ) dt

In an endowment economy, goods market clearing implies dct = 0 and hence in equi-

librium rt = ρ at all points in time, not just in a stationary equilibrium. Graphically,

this means that the economy lives on the brown horizontal line labelled aRA (r) in

Figure 1 at all points in time. The real government budget constraint implies that

dbt = [ρbt − s∗]dt. It follows that real debt is increasing when it is above steady-

state, and decreasing below steady-state, as illustrated by the arrows in Figure 1.

Paths with increasing debt are ruled out as equilibria by showing that they violate a
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household transversality condition. Paths in which debt is decreasing are ruled out

since they violate the household’s borrowing constraint in finite time. This argu-

ment is formalized in Online Appendix A. It follows that the stationary equilibrium

is the unique real equilibrium and the initial price level and subsequent inflation are

uniquely determined:

P0 =
B0

bRA
and πRAt = i∗ − ρ− g

Equilibrium paths display an initial jump in the price level at t = 0, and a constant303

inflation rate equal to steady-state inflation for t > 0.304

Uniqueness in Representative Agent Economies with Bonds-In-Utility. The305

heterogeneous agent economy differs from the representative agent economy in part306

because the steady-state asset demand function is not perfectly elastic. In Online307

Appendix B we describe a simple representative agent economy in which households308

directly generate utility by holding real government debt. This economy features a309

steady-state asset demand function aBIU (r) that has the same qualitative properties310

as a (r). In this economy, all equilibria lie on the one-dimensional manifold aBIU (r)311

at all points in time, and away from steady-state the dynamics of government debt312

are unstable. A transversality condition and borrowing constraint rule out explosive313

paths in either direction as equilibria and hence the steady-state equilibrium is the314

unique equilibrium. The initial price level and subsequent inflation are uniquely de-315

termined. With positive primary surpluses, the difference between this economy and316

the standard representative agent economy is that the real interest rate is endoge-317

nous and depends on the level of surpluses. See Online Appendix B.3 for a formal318

argument.319

State-Space Representation for Heterogeneous Agent Economy. Establish-320

ing that there is no multiplicity of non-stationary equilibria in the heterogeneous agent321

economy is more difficult than in the representative agent bonds-in-utility economy322

because the equilibria do not lie on a one-dimensional manifold. The aggregate state323

for the heterogeneous agent economy consists of the household asset and endowment324

distribution gt(a, z).
15 It is useful to partition this distribution into two components,325

15The absence of the interest rate rt from the aggregate state is not immediately obvious. However,
as we verify below, in equilibrium it is implied by the joint distribution gt(a, z). In our quantitative
analysis, we consider unanticipated time-varying shocks to various exogenous parameters. In these
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which we denote by Ωt := {ft(ω, z), bt}326

(i) ft(ω, z): the joint distribution of household asset shares and endowment shares327

(ii) bt: the level of real government debt.328

The reason for partitioning the aggregate state in this way is that the two components329

have different dynamic properties. The distribution ft(ω, z) is backward-looking and330

cannot jump. The level of real debt is a jump variable. It can jump because different331

values of the initial price level P0 revalue the outstanding stock of nominal bonds332

B0. Partitioning in this way makes it clear that although the household distribution333

g0(a, z) can jump, it can only jump along a single dimension such that the relative334

wealth holdings of each household remains unchanged. Using this state variable, we335

can write the consumption function ct(a, z) as c(a, z,Ωt), where dependence on time336

is completely subsumed in the aggregate state.337

Roadmap. Our discussion of uniqueness involves two steps. First, we show that338

any paths for bt that diverge in either direction are not consistent with equilibrium339

because they involve eventual violation of either the borrowing constraint or a nec-340

essary household transversality condition. Second, we argue that the dynamics of Ωt341

around the unique stationary equilibrium are locally saddle-path stable. Given an ini-342

tial distribution f0(ω, z) in the vicinity of f ∗(ω, z), saddle-path stability implies that343

there is a unique initial value for the jump variable b0 and unique subsequent paths344

of the aggregate state Ωt such that the economy converges to Ω∗ = {f ∗(ω, z), b∗}.16345

Ruling Out Explosive Equilibria. In Online Appendix C.3, we show that all346

paths of government debt bt that grow at rate rt < ρ imply eventual violation of the347

following household transversality condition:348

lim
T→∞

Ejt
[
e−ρT cT (ajT , zjT )

−γajT
]
≤ 0. (24)

cases, the state space Ωt needs to be expanded to include the law of motion for these exogenous
driving processes.

16We must also rule out the possibility of non-stationary equilibria that remain bounded away
from the stationary steady-state and involve cycles or similar dynamics. Although we cannot prove
that no such equilibria exist, we have not encountered any numerically.
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and hence cannot be part of aequilibrium.17 Sufficient conditions for the equilibrium349

interest rate rt in the heterogeneous agent economy to be below the discount rate ρ350

for all t ≥ 0 are established in Not For Publication Appendix G.351

Useful Characterization of Equilibrium Real Rate. In Online Appendix C.1352

we derive expressions for expected consumption growth Et [dcjt] for constrained and353

unconstrained households. Here we use the short-hand notation cjt := c(ajt, zjt,Ωt)354

to denote the consumption of household j at time t. By aggregating these expressions355

across households, applying the law of iterated expectations, and imposing market356

clearing we derive the following relationship between the real rate and the aggregate357

state Ωt,358

0 =
Cut
γ
(rt − ρ)︸ ︷︷ ︸

intertemporal substitution

+
Cut
γ
Ẽut

[∑
z′

λzj ,z′

(
c (ωj, z

′,Ωt)

cjt

)−γ
]

︸ ︷︷ ︸
precautionary motive

+Et

[∑
z′

λzjz′ {c(ωj, z′,Ωt)− cjt}

]
︸ ︷︷ ︸

intertemporal smoothing

(25)

The expectation operator Ẽut is a consumption-weighted mean across the set of uncon-359

strained households, and Cut is the total consumption of unconstrained agents. Not360

For Publication Appendix F contains a full derivation of this relationship.18361

Equation (25) can be interpreted as balancing three forces driving changes in362

aggregate consumption that must net out to zero in an endowment economy. The363

first term is an intertemporal substitution motive for saving. The second term is the364

average precautionary savings motive. The presence of Cut captures the fact that this365

saving motive is only active for unconstrained households. The final term reflects366

an intertemporal motive for smoothing income shocks. In equilibrium, the interest367

rate is set so that the negative intertemporal substitution motive exactly offsets the368

combined effects of the precautionary saving and intertemporal smoothing motives.19369

Equation (25) also confirms that the real rate is not required as a separate com-370

ponent of the aggregate state since that equation implicitly defines a time-invariant371

17Establishing the transversality condition (24) as a necessary condition for household optimality
is non-trivial. Kamihigashi (2001) shows that it is necessary in an analogous deterministic economy.
Kamihigashi (2003) shows necessity in a discrete time stochastic economy.

18Not For Publication Appendix G contains the analogous formula for the real rate functional
when idiosyncratic endowments follow a diffusion process.

19In the special case with quadratic utility, no borrowing constraints (hence, no precautionary
saving) and rt = ρ, equation (25) states that consumption is a martingale.
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functional from Ωt to rt that holds at all times in equilibrium:372

rt = r [Ωt] . (26)

Local Saddle Path Stability. We derive the dynamics of the the aggregate state373

Ωt by expressing the Kolmogorov Forward Equation (13) in terms of asset shares, and374

substituting the real rate functional (25) into the government budget constraint (18):375

∂tft(ω, z) = −∂ω
[
ft(ω, z)

1

bt
{z − τ ∗(z)− c(ωbt, z,Ωt) + s∗ω}

]
(27)

−ft(ω, z)
∑
z′ ̸=z

λzz′ +
∑
z′ ̸=z

λz′zft(ω, z
′)

dbt
dt

= r [Ωt] bt − s∗ (28)

Since this system is comprised of a one-dimensional jump component bt and an infinite376

dimensional backward looking component ft(ω, z), local saddle-path stability requires377

that, around the steady-state, this PDE system has one positive eigenvalue and non-378

positive remaining eigenvalues.379

Discretized Economy. Although we are not able to prove saddle-path stability380

for the full continuum economy, we have found the system to be saddle path stable381

in our numerical explorations of discretized versions of this economy. Here we offer382

some intuition for local saddle-path stability from this discretized economy.383

We consider a discrete approximation to f(ω, z) on a grid for relative asset shares384

of size Nω, which we denote by the N × 1 vector f where N = Nω × Nz. In Online385

Appendix C.4 we show that the finite difference approximation the PDE system (27)386

is given by the system of N + 1 ODEs387

df

dt
= Aω [ft, bt]

T ft +AT
z ft (29)

db

dt
= r [ft, bt] bt − s∗ (30)

The matrices Aω [ft, bt]
T and AT

z are upwind finite difference approximations to the388

two linear operators that comprise the KFE for (ω, z).20389

20The transposes reflect the fact that these matrices are constructed by first constructing finite
difference approximations to the adjoint operators in (27).
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The dependence of Aω [ft, bt]
T on the distribution ft and real debt bt arises for390

three reasons. First, a change in aggregate wealth bt has a common effect on the391

interest earnings at all points in the wealth distribution. This direct effect is reflected392

by the bt in the denominator of the top line of (27). Second, a change in aggregate393

wealth impacts consumption of all households via a wealth effect. This is reflected394

in the bt in the first argument of the consumption function in (27). Finally, there395

are further general equilibrium effects on consumption because of future interest rate396

dynamics. These are reflected in the dependence of the consumption function on the397

aggregate state Ωt in the third argument.398

In Online Appendix C.4, we linearize the discretized system (29) around the steady399

state (f∗, b∗) and show that the local dynamics are approximately400 (
df
dt
db
dt

)
≈

(
A∗
ω
T +AT

z ∇bA
T
ω [f

∗, b∗]

0 b∗
{
∂br [f

∗, b∗]−
(
− r∗

b∗

)} )( ft − f∗

bt − b∗

)
(31)

where term ∇bA
T
ω [f

∗, b∗] is the Nω × 1 vector of derivatives of A∗
ω
T with respect to401

real debt b.402

The approximation in (31) refers to the zero in the bottom left element of the403

Jacobian. Our approximation requires this term to be small only relative to the term404

in the bottom right element of the Jacobian. This means we require that around405

the steady-state, the dynamics of real government debt are more sensitive to changes406

in the level of real debt, holding the distribution of asset shares constant, than to407

changes in the distribution of asset shares, holding the level of real debt constant.21408

In this case, the Jacobian is approximately block triangular, allowing us to sign the409

eigenvalues of the full system: A∗
ω
T +Az

T is an irreducible transition rate matrix and410

so has a single zero eigenvalue and remaining negative eigenvalues. The sign of the411

remaining eigenvalue is given by the sign of ∂br [f
∗, b∗] b∗+r [f∗, b∗]. The first term is the412

inverse of the derivative of the steady-state household asset demand curve, multiplied413

by the level of steady-state assets. The second term is the steady-state interest rate.414

As both terms are positive under constant positive surpluses, the remaining eigenvalue415

21This assumption might appear at odds with our substantive messages that emphasize changes
in the distribution of real wealth as a quantitatively important factor in driving inflation and price
level dynamics. However, as our simulations confirm, these are not contradictory: the feedback from
the distribution of shares to the debt dynamics are large enough to be quantitatively meaningful,
but would need to be orders of magnitude larger to alter the qualitative features of the dynamic
system.
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(a) Representative Agent Economy (b) Heterogeneous Agent Economy

Figure 2: A permanent reduction in surpluses

is strictly positive and the economy saddle-path stable.416

3.3 Example: Permanent Reduction in Surpluses417

We use a permanent reduction in surpluses as an example to illustrate the saddle-path418

dynamics. Consider a fiscal authority that unexpectedly changes the tax function419

from τ ∗(z) to τ ∗∗(z) = (1 − ∆s)τ
∗(z) so that primary surpluses decline to s∗∗ =420

(1−∆s)s
∗, with ∆s ∈ (0, 1). The new steady-state government bond supply function421

is b(r) = s∗∗

r
, which is displayed as a leftward shift of the red line in Figure 2.422

First, consider the effects of this change in the representative agent economy. The423

initial steady-state equilibrium before the change is indicated by bRA. When the level424

of surpluses fall, the economy immediately jumps to the new steady-state equilibrium425

at the point labelled bRA
′
. The level of real debt immediately falls to (1 − ∆s)b

RA,426

which is achieved by a one-time upward jump in the price level from P0 to
P0

1−∆s
with427

no change in either the real interest rate or inflation. The stock of nominal debt is428

unchanged, but real surpluses are reduced and thus the price level must jump to lower429

the real value of outstanding debt.430

In the heterogeneous agent economy, the initial steady-state equilibrium is indi-431

cated by the point (b∗, r∗). In contrast to the RA model, a change in the tax and432

transfer function induces a shift in the steady-state household asset demand func-433

tion for two reasons: (i) it affects disposable income; and (ii) it alters the degree of434

risk-sharing in the economy. In this example, the effect is to shift the a(r) curve to435

the right. The new steady-state after the change is indicated by the point (b∗∗, r∗∗).436
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Unlike in the representative agent economy, the economy does not jump immediately437

to the new steady-state. Rather, saddle-path dynamics imply that on impact of the438

change there is a one-time jump in the level of real debt to the unique value of b0 that439

is consistent with non-explosive dynamics, which then determines a unique r0 through440

the real rate functional (25). This is indicated by the leftward jump in Figure 2b. The441

initial jump is achieved by a rise in the price level that devalues all households’ wealth442

proportionately.22 This shift in the wealth distribution then induces trading among443

households as the interest rate falls smoothly to its new steady-state level. Without444

any change in monetary policy, inflation rises smoothly during this transition until445

it reaches its new steady-state level, which is higher than in the original steady state446

by the amount r∗∗ − r∗.447

4 Primary Deficits s∗ < 0448

We now assume that the fiscal authority runs a constant primary deficit. We first449

show that there are zero or two steady-state equilibria, depending on the level of450

deficits. We then characterize the out of steady-state dynamics and non-stationary451

real equilibria. We end this section with a discussion of alternative ways to restore452

uniqueness of a saddle-path stable equilibrium and hence a unique path for prices.23453

4.1 Stationary Equilibria454

The household asset demand a(r) function is qualitatively unchanged with s∗ < 0.455

However, the steady-states of the government budget constraint, b(r) = s∗/r is an456

upward-sloping hyperbola for bt ≥ 0, as depicted in Figure 3. Note that with s∗ < 0,457

any steady-state equilibria must have a real rate that is below the growth rate of the458

economy r∗ < 0. From Figure 3, it is immediate that if such a steady-state equilibrium459

exists, then generically there will be two steady-state equilibria, as indicated by the460

two intersections of the asset supply and demand curves.24 For a given nominal461

22In general, the initial jump in the price level may undershoot or overshoot its long-run value
depending on the nature of the transfer function.

23In Online Appendix C.5 we consider the case where s∗=0. Like in the case with s∗ > 0, there
is a unique equilibrium with a finite price level and the path of prices is uniquely determined. The
steady-state real interest rate and real assets are r∗ = 0 and b∗ = a(0), respectively.

24This conclusion follows from the existence of a r such that for all rt < r, households do not save,
meaning that the household steady-state asset demand curve intersects the b = 0 axis at a finite
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Figure 3: Maximum steady-state deficits

interest rate, the top equilibrium (b∗H , r
∗
H) has a higher level of real debt, higher real462

interest rate and lower inflation than the bottom equilibrium (b∗L, r
∗
L). In Online463

Appendix C.6 we show that the high interest rate steady-state Pareto dominates the464

low interest rate one by reducing the volatility of individual consumption growth.465

Maximum Deficits. There exists a maximum level of deficits that is consistent466

with the existence of a stationary equilibrium where the price level is finite and467

government debt is valued. As the level of deficits increases, the government asset468

supply curve shifts downward to the right, as illustrated in Figure 3. The maximum469

deficit is attained when the asset supply and demand curves are tangent to each470

other, which occurs at the point where the interest-rate elasticity of the steady-state471

household asset demand curve is equal to unity: a′(r)r/a(r) = −1.472

This condition reflects the fact that the maximum attainable level of deficits de-473

pends on the strength of households’ desire to hold assets for precautionary reasons.474

It follows that a change in the nature of after-tax idiosyncratic endowment risk can475

shift the asset demand curve a(r) and hence the maximum deficit. Any reduction in476

s∗ must be implemented via a change in the function τ ∗(z). Depending on the change477

in progressivity, the maximum deficit may increase or decrease through a shift in478

a(r). In general, a change in the tax function that reduces the amount of uninsured479

risk will lower the maximum attainable deficit because households have less incentive480

to accumulate precautionary savings.25 In Section 5 we use our calibrated model to481

interest rate r. This discussion maintains the assumptions outlined in Section 3.1 so that a(r) is
monotonically increasing. Without these assumptions, there is generically an even number of steady
states.

25Amol and Luttmer (2022) also emphasize that fiscal space depends on the overall level of risk
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illustrate these forces.482

Non-uniqueness of Price Level and Inflation. Since there are two steady-state483

equilibria with s∗ < 0,standard FTPL arguments for uniqueness of the price level484

do not hold. Additional assumptions on fiscal policy must be imposed, or other485

modifications made to the economy, in order to uniquely pin down the price level and486

inflation. We discuss these possibilities in Section 4.3, but first we characterize the487

set of non-stationary equilibria.488

4.2 Non-stationary Equilibria489

Local Dynamics. We can characterize the local dynamics around each of the two490

steady states following the same line of argument as we did for the case with s∗ > 0.491

The dynamics obey the same PDE system (27). The arguments we gave for why492

the eigenvalues associated with the backward looking component f(ω, z) are all non-493

negative remain unchanged. As before, we sign the eigenvalue associated with the494

jump variable bt by assuming that – in the vicinity of a steady-state equilibrium –495

the effect on government debt dynamics due to general equilibrium feedback from496

movements in the distribution are small relative to the overall effect of changes in497

interest payments:498

dbt
dt

≈ b∗
{
∂br [f

∗, b∗]−
(
r∗

b∗

)}
(32)

The term in braces is the difference between the slopes of the steady-state asset499

demand function (∂br[Ω
∗] = (∂ra[r

∗])−1) and the steady-state bond supply function500

(− r∗

b∗
= (∂rb[r

∗])−1 ). The eigenvalue associated with government debt bt is therefore501

positive at the top steady-state, where the asset demand function crosses the asset502

supply function from below, and is negative at the bottom steady-state, where the503

asset demand function crosses the asset supply function from above. Hence the local504

dynamics around the top steady-state are saddle-path stable, similarly to the unique505

steady-state in the case with surpluses. The dynamics around the bottom steady-state506

are locally stable. Simulations confirm these properties.507

Figure 4 illustrates these dynamics. For a given initial distribution f0(ω, z) ̸=508

f ∗(ω, z), there is a unique equilibrium converging to (b∗H , r
∗
H) and a continuum of509

equilibria converging to (b∗L, r
∗
L), indexed by the initial level of real debt b0. Conse-510

in an economy in which households face idiosyncratic shocks to their returns on capital.
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Figure 4: Non-stationary equilibria with deficits. For a given f0(ω, z) ̸= f ∗(ω, z),
there are a continuum of equilibria indexed by initial real government debt.

quently, the price level and inflation are not pinned down without additional assump-511

tions that rule out almost all of these equilibria. Because it is the top equilibrium512

that is saddle-path stable, there is a lower bound on the initial price level that is513

consistent with equilibrium. This minimum initial price level is given by P0 = B0

b0
,514

where b0 is the unique initial value of real debt for which the economy converges to515

the top saddle-path stable equilibrium.516

Exact Characterization in a Bonds-In-Utility Economy. In Online Appendix517

B.4 we show that the representative agent economy with bonds in the utility function518

has qualitative steady-state properties that are the same as in the heterogeneous519

agent economy. In that economy, aBIU [r] can be derived in closed form, and we can520

fully characterize the global dynamics: the top steady-state is unstable, the bottom521

steady-state is stable and there is a lower bound on the initial price level.522

4.3 Options for Price Level Determination523

Multiplicity of equilibria poses a challenge for quantitative work. We show that there524

are several ways to eliminate the locally stable steady-state and achieve uniqueness.525

First, through certain fiscal policy rules. Second, by introducing a foreign sector with526

relatively inelastic demand for domestic government debt. Lastly, through a form of527

long-run inflation anchoring.528

Real Debt Reaction Rule. Until now we have assumed a fiscal rule that keeps529

primary deficits constant. Assume instead that the fiscal authority follows a rule in530
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(a) Real debt reaction rule (b) Real interest rate reaction rule

(c) Foreign demand

Figure 5: Alternative approaches to deliver a unique equilibrium with deficits

which primary deficits respond to real debt deviations from the steady-state level b∗:531

st = s∗ + ϕb (bt − b∗) . (33)

The steady-state level of deficits is denoted by s∗ < 0. Outside of steady-state,532

the fiscal authority varies deficits by changing the tax and transfer function τt(z).533

The steady-state government asset supply curve is given by r = ϕb +
s∗−ϕbb∗

b
. If534

ϕb < r∗ < 0, then for b > 0, this is a downward sloping curve that intersects the535

household asset demand curve only once, as illustrated in Figure 5a.26 There exists536

a unique steady-state equilibrium which is saddle-path stable and hence the initial537

price level and subsequent inflation are uniquely determined. Online Appendix C.7538

contains details. Note that the condition ϕb < r∗ implies that when outstanding539

26The household asset demand curve will also be affected, since higher levels of debt are associated
with different transfer functions, which may alter the shape of the asset demand curve. In practice
this effect can be made small by changing the level of deficits in an approximately distributional
neutral way.
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debt falls below its steady-state level, the government responds by cutting primary540

deficits. This reaction has a destabilizing effect on the debt accumulation process,541

which eliminates the bottom (stable) steady-state (b∗L, r
∗
H).

27
542

Real Rate Reaction Rule. An alternative fiscal rule that also eliminates the543

stable steady-state equilibria is one in which primary deficits respond to deviations544

of the equilibrium real rate from its steady state,545

st = s∗ + ϕr (rt − r∗) . (34)

In Online Appendix C.8, we show that a sufficient condition to eliminate the stable546

steady-state is ϕr <
s∗

r∗−a−1(0)
< 0. Figure 5b illustrates this case. When the real547

rate falls below its steady-state value, the fiscal authority cuts primary deficits. This548

response has a destabilizing effect that eliminates the bottom stable steady-state.549

Interest Payment Reaction Rule. We also consider a fiscal rule in which primary550

surpluses respond to deviations of real interest payments from their steady state level:551

st = s∗ + ϕs (rtbt − s∗) . (35)

In Online Appendix C.9 we show that the steady-state equilibria are unchanged from552

the baseline (ϕs = 0). With an “active” rule (ϕs < 1), the stability properties of the553

two steady-states are also unchanged. However, with a “passive” fiscal rule (ϕs > 1),554

the stability properties of the two steady-states are reversed: the top steady-state is555

locally stable and the bottom one is saddle-path stable.556

Inelastic Foreign Demand. If there is additional demand for government debt557

that is sufficiently interest-inelastic, for example from a foreign sector, then the bot-558

tom steady-state can be eliminated and uniqueness restored.559

Denote the foreign demand for government debt as a function of the domestic real560

interest rate as d(r). The asset market clearing condition becomes a(r)+d(r) = b(r).561

To clearly see the effect of additional foreign demand, assume that it is perfectly562

27This rule has the somewhat unappealing feature that when government debt rises above its
steady-state level, the government responds by running even larger primary deficits. However, this
property is not important for uniqueness; the role of the rule is to eliminate the stable equilibrium
with low levels of government debt. Upward explosive dynamics are ruled out even with a constant
deficit policy as explained in Section 3. For example an asymmetric policy, in which primary deficits
respond only to reductions in government debt would suffice for uniqueness.
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inelastic, so that d(r) = bf . The overall asset demand curve is shifted to the right and563

the bottom steady-state disappears, as illustrated in Figure 5c. In Online Appendix564

D we offer a microfoundation based on a representative agent foreign sector that has565

bonds-in-utility preferences. We show that an interest rate elasticity of demand below566

one is sufficient to ensure that the two curves intersect only once.567

Long-Run Inflation Anchoring. The previous approaches to delivering a unique568

path of prices work by making assumptions that eliminate the high inflation stable569

steady-state, leaving only the low inflation saddle-path stable steady state. An alter-570

native route to uniqueness is to instead eliminate all dynamic equilibria that lead to571

the high inflation steady-state, leaving only the unique equilibrium leading to the low572

inflation steady-state. In Not For Publication Appendix H, we show that a central573

bank that coordinates long-run inflation expectations can successfully pin down the574

inflation and the price level in the short-run under a constant deficit fiscal policy rule.575

5 Quantitative Exercises with Persistent Deficits576

In this section we describe various quantitative experiments for a calibrated version577

of the model with persistent deficits in order to illustrate the role of redistribution578

and precautionary saving in shaping price level dynamics.28579

5.1 Model Extensions580

We incorporate the following two extensions of the baseline model.581

Extension I: Unsecured Household Credit. We allow for a non-zero borrowing582

limit. This permits nominal positions to be negative, thereby allowing some house-583

holds to experience a positive wealth effect from an unanticipated rise in the price584

level, as in Doepke and Schneider (2006) and Auclert (2019). We assume that house-585

holds can borrow up to a fixed limit that is denominated in real terms. We interpret586

it as unsecured borrowing, such as credit card debt, and impose an exogenous wedge587

between borrowing and saving rates. See Online Appendix E.1 for details.588

28Our economy is a flexible price, endowment economy in continuous time. In reality, the price
level does not jump. Rather, the initial bursts of inflation from these shocks are drawn out over
a period of time. Despite this simplification, the general forces at work are informative about the
two-way feedback between the equilibrium wealth distribution and movements in the price level.
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Parameter Value Target

Preferences
γ Inverse EIS 1
ρ Discount rate 2.8% p.a. debt-to-annual GDP ratio of 1.10

Income Process
g Real output growth 2.0% p.a. average growth rate post-war
λ Arrival rate of earnings shocks 1.0 p.a.
σ St. Dev. of log quarterly earnings 1.2

Household Borrowing
a Borrowing limit $15, 000 70% of quarterly household earnings
rb − r Borrowing wedge 16% p.a. average rate on credit card debt

Tax and Transfers: τ(z) = τ0 − τ1 ∗ z
τ1 Proportional tax rate 30% personal taxes / labor income
τ0 Lump sum transfer 33.3% of GDP deficit: s∗ = −3.3%

Government Debt
δ Maturity rate of government debt 20% p.a. average duration of 5 years

Monetary Policy
i Nominal rate 1.5% average Federal Fund Rate

Table 1: Calibrated parameter values and targets.

Extension II: Long-Term Debt. We assume that the government issues long-589

term debt with a constant maturity rate. The switch to long-term debt has no590

effect on the preceding analysis of price level determination. However, as shown by591

Sims (2011) and Cochrane (2018), debt duration plays a key role in the dynamics of592

inflation after unanticipated changes in the nominal interest rate. This mechanism593

surfaces in some of our experiments where we explore monetary policy rules beyond594

an interest rate peg. Online Appendix E.2 describes the model with long-term debt.595

5.2 Parameterization596

Preferences. We set the elasticity of inter-temporal substitution γ to 1 so that597

households have log utility. We choose the discount rate ρ to match an annual debt-598

to-GDP ratio of 1.10 in the low inflation steady state. This target, which corresponds599

to the debt-to-GDP ratio in US data for the years leading up to the pandemic (2014-600

2019), implies a calibrated annual discount rate of 2.8%.601
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Endowment Process. We assume an annual aggregate real growth rate g of 2%,602

which was the US per-capita average over the post-war period.29 Idiosyncratic en-603

dowment shares follow an Nz = 5 state process, with switching rates chosen so that604

income shocks arrive on average once per year and the endowment process generates605

a standard deviation of log quarterly earnings of 1.08, in line with US micro data.30606

Household Borrowing. We set the borrowing limit a to $15,000, which is approx-607

imately 70% of average quarterly household earnings to match the median credit card608

limit for working-age population in the Survey of Consumer Finances (SCF) (Kaplan609

and Violante, 2014). We set the wedge between the interest rates on borrowing and610

saving to 16% p.a., based on typical interest rates on unsecured credit card debt.31611

Because of this exogenous wedge, the real borrowing rate is positive, and the natural612

borrowing limit is finite and exceeds the ad-hoc limit.613

Tax and Transfer System. The tax and transfer system consists of a lump-sum

transfer and proportional tax,

τ(z) = −τ0 + τ1z.

We set the proportional tax rate τ1 to 30% to match the ratio of personal taxes and614

social insurance contributions to total labor income (NIPA Table 2.9) for 2014-2019.615

We then set the lump-sum transfer τ0 at 33.3% of aggregate output to generate a616

primary deficit s∗ of −3.3% of GDP, the average for the US over that period.32617

Government Debt. We assume that 20% of outstanding government debt matures618

each year to match a weighted average duration of 5 years (US Treasury). Given our619

target debt-to-GDP ratio of 110%, and primary deficit of 3.3%, the implied steady-620

state real interest rate equals s∗

B∗ + g = −0.033
1.1

+ 0.02 = −1% p.a.621

Monetary Policy. We assume that the central bank pegs the nominal rate at 1.5%622

p.a., consistent with the average interest rate target in the years leading up to the623

29See Series A939RX0Q048SBEA PC1 from FRED, Federal Reserve Bank of St. Louis, https://fred.

stlouisfed.org.
30See, for example, the Global Repository of Income Dynamics (GRID), https://www.

grid-database.org/.
31See Table Consumer Credit - G19, Federal Reserve Board, https://www.federalreserve.gov/

releases/g19/current/.
32The data sources for debt and deficits are series GFDEGDQ188S and FYFSGDA188S from

FRED.
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Figure 6: Calibrated steady-states and wealth distribution

pandemic. With a real interest rate of −1%, the implied annual inflation rate is 2.5%.624

5.3 Properties of Steady States625

Figure 6a displays the two stationary equilibria implied by our calibration. In line626

with our targets, the low inflation saddle-path stable steady-state has an annual627

debt-to-GDP ratio of 110% and an annual inflation rate of 2.5%. The high inflation628

steady-state has an annual debt-to-GDP ratio of 17.5%, and an annual inflation rate629

of around 19.5%. In what follows, we focus on the low-inflation steady state.630

Wealth and MPC Distribution. Figure 6b and Table 2 illustrate that the model631

is broadly consistent with the distribution of liquid wealth in the 2019 SCF.33 Ex-632

pressed in 2019 dollars, mean and median household wealth in the model are $116, 000633

and $40, 000 respectively. 19% of households have negative wealth and 27% of house-634

holds have less than $1, 000. These moments were not targeted in our calibration,635

which was disciplined by aggregate statistics on national debt.636

The average quarterly MPC in the model is around 14%, with the highest MPCs637

among the low-income households that either have close to zero wealth and so are638

near a kink in their budget constraint, or have substantial negative wealth and so are639

close to the borrowing limit.34640

33Our definition of liquid wealth includes money market, checkings, savings, and call accounts,
as well as directly held mutual funds, stocks and bonds, minus credit card and uncollateralized
debt. We exclude the top 1% of households in the SCF by liquid wealth because of the well-known
difficulties in matching the right-tail of the wealth distribution in this class of models.

34Not For Publication Appendix J contains additional details on the distributions of wealth and
marginal propensities to consume in the model.
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Table 2

Mean liquid assets Data Model

Mean assets $116, 000 $100, 317
Frac. with a < $0 20.67% 19%
Frac. with a < $1, 000 37% 27%

Note: Moments of the wealth distribution in the model and the data. Monetary values
expressed in 2019 dollars. Data is from the 2019 Survey of Consumer Finances (SCF) with
the top 1% of households by liquid wealth are excluded. See the main text for the definition
of liquid assets in the data.

Maximum Sustainable Deficit. As discussed in Section 4.1, there exists a max-641

imum possible level of permanent deficits consistent with existence of an equilibrium642

where debt is valued. The size of this maximum deficit depends on whether it is643

reached by expanding lump-sum transfers or cutting proportional taxes. Under our644

calibration, raising transfers yields a maximum deficit of 4.6% of output, a 39% in-645

crease from the baseline steady-state value of 3.3%. Instead, lowering taxes allows646

the government to run a maximum deficit of 4.8%, a 45% increase from the baseline.647

Lower proportional tax rates are, in general, associated with higher maximum648

steady-state deficits because they increase the volatility of disposable earnings. House-649

holds therefore bear more uninsured idiosyncratic income risk which raises their over-650

all precautionary demand for safe liquid assets. For a given interest rate r, households651

are willing to hold more government bonds if they bear more idiosyncratic risk, giving652

the government more room to expand its deficit. Graphically, a lower value for τ1653

induces an outward shift in the the steady-state household asset demand curve (recall654

Figure 3). The same logic, with signs reversed, applies to an expansion of lump-sum655

transfers because they reduce the volatility of net earnings.656

The role of precautionary saving is quantitatively important. For example, in an657

extreme case without proportional taxes (τ1 = 0%), the maximum sustainable deficit658

that can be achieved by expanding transfers is 9.5%, almost three times as large as659

in our baseline. For similar reasons, when households are prohibited from borrowing,660

the maximum sustainable deficit rises to 5.9%. A key lesson from these experiments661

is that reforms that loosen credit, make tax and transfer systems more progressive,662

or provide more insurance to households reduce future fiscal space available to the663

government. These reforms restrict the government’s ability to expand deficits or cut664

surpluses, and therefore may constrain its ability to use expansionary fiscal policy to665

respond to adverse aggregate shocks.666
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Implications for Secular Stagnation. A recent literature argues that the secular667

decline of real rates observed in the US and other developed economies is due to rising668

income risk and inequality, which has been accelerated by the sharp debt deleveraging669

that occurred after the 2008 financial crisis (Auclert and Rognlie, 2018; Eggertsson670

et al., 2019; Mian et al., 2021b). The argument is that higher inequality leads to671

a redistribution of income from the high-MPC poor to the low-MPC rich, which672

increases overall demand for wealth in the household sector. Similarly, more uninsured673

income risk or a tighter borrowing limit create a stronger precautionary motive, which674

increases demand for government bonds. These forces all manifest as an outward shift675

of the household asset demand function a (r). In a conventional economy with positive676

rates and permanent surpluses, such outward shifts in household asset demand indeed677

leads to a lower steady-state real rate.678

However, in an economy with permanent deficits and a negative real rate, these679

comparative statics are reversed when the economy starts in the low-inflation steady680

state. An outward shift of the household asset demand function a (r) leads to a higher681

steady-state real rate. The reason is that in order to finance the same level of deficits682

with a higher quantity of debt, a less negative (i.e. higher) real rate is needed. This683

observation adds an important qualification to the commonly held view that shifts in684

the income distribution, income risk or deleveraging are candidate explanations for685

secular stagnation. In Section 5.5, we propose an alternative explanation for secular686

stagnation, rooted in the observation that in heterogeneous agent economies with687

persistent deficits and r < g, larger primary deficits depress the real rate.688

5.4 Fiscal Helicopter Drop689

Our first experiment is inspired by the experience of the US and other developed690

countries in the wake of the COVID-19 shock. In response to the disruptions caused691

by the pandemic, the US issued a large quantity of additional government debt and692

distributed much of the proceeds to households. We capture the core features of this693

fiscal helicopter drop by simulating an unexpected one-time issuance of nominal debt694

equal to 16% of initial outstanding government liabilities (equivalent to the observed695

16% rise in the US debt-GDP ratio in 2020), which is distributed as a one-time696

lump-sum transfer to households. We consider two versions of this policy: one where697

transfers are distributed uniformly and one where transfers are distributed only to698
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Figure 7
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Note: This figure plots impulse responses to a targeted and untargeted helicopter drop,
aggregated at the quarterly frequency. The helicopter drop is a one-time issuance of 16% of
total government nominal debt outstanding at t = 0. Only households in the bottom 60%
of the wealth distribution receive the issuance in the targeted experiment (dashed red line).
The orange line plots dynamics in the representative agent (RA) model. The dashed black
line plots the initial steady state.

households in the bottom 60% of the wealth distribution, in line with the actual US699

experience.700

Aggregate Effect of Fiscal Helicopter Drop. The effects of the fiscal helicopter701

drop are displayed in Figure 7. Since there are no changes to primary surpluses or702

any other structural parameters, the helicopter drop has no permanent real effects:703

the household and government nullclines are unchanged, and the economy converges704

back to its initial steady-state.705

In the representative agent version of this economy, which is shown by the orange706

dotted line labelled “RA” in Figure 7, convergence is instantaneous.35 The jump in707

the price level exactly offsets the new issuance of nominal debt so that the level of708

35The representative agent economy is constructed to have the same steady-state debt-to-GDP
ratio as in the heterogeneous agent economy. However, since the representative agent economy does
not admit a steady-state with persistent deficits, we assume an annual surplus-to-GDP ratio of 3.3%
and an equilibrium real rate of 1%. We adjust the nominal interest rate so that the inflation rate is
the same in the two economies.
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Figure 8
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Note: This figure shows the computed saddle-path dynamics from a one-time issuance of
nominal government debt in (rt, bt) space. The total issuance amounts to 16% of nominal
government debt outstanding at t = 0. The blue dots depict quarterly aggregates.

real debt remains constant and there are no further effects of the shocks.36 However,709

n the heterogeneous-agent model, there are transitional dynamics. The computed710

saddle-path dynamics associated with this convergence in (rt, bt) space are displayed711

in Figure 8. The initial jump in the price level (bottom-left panel of Figure 7) is712

about 21%, higher than in the representative agent model, which more than offsets713

the 16% rise in nominal debt.714

Why does an identical expansion in government debt place more upward pressure715

on the price level in the heterogeneous agent economy? The fiscal helicopter drop716

entails a redistribution of real wealth from high- to low-wealth households because717

the lump-sum transfer is progressive. Since the average MPC is higher among low718

wealth households, this redistribution raises the economy-wide desire to consume.719

With a constant aggregate endowment, the real interest rate must rise to restore720

goods market clearing. The higher (i.e. less negative) real interest payments require721

a reduction in total real government debt outstanding. Since nominal debt is fixed722

after the helicopter drop, the price level must then increase further. An alternative723

interpretation is simply that the additional spending pressure from redistribution,724

beyond the aggregate wealth effect, places more upward pressure on nominal prices725

than in the representative agent economy where only the wealth effect is present.726

Decomposition of Fiscal Helicopter Drop. In addition to the the direct re-727

distributive impact of the fiscal helicopter drop, there are two additional indirect728

36The initial price jump in Figure 7 is slightly more than 16% because in this and other figures,
we plot impulse response functions aggregated to a quarterly frequency.
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Figure 9

Note: This figure decomposes the effect of the helicopter drop on consumption into its
general equilibrium sub-components. The left panel depicts how each sub-component affects
aggregate consumption over time in isolation. The right panel depicts the effect of each sub-
component on initial consumption across the wealth distribution. The dashed black line on
the right panel delineates households that experienced initial consumption gains and losses
as a result of the helicopter drop in 2019 US dollars.

general equilibrium channels at play that shape the subsequent dynamics of the real729

rate and inflation. First, the upward jump in the price level redistributes wealth730

from savers to borrowers, and dilutes the real savings for households with a positive731

net nominal position. Second, the resulting rise in the real rate leads households to732

postpone consumption. The left panel in Figure 9 displays the dynamic effects of733

each of these channels on aggregate consumption. The helicopter drop itself raises734

consumption, while the higher price level lowers consumption. These effects diminish735

as the economy returns to steady-state. The higher real interest rate leads households736

to delay consumption, which is reflected by the initially lower but subsequently higher737

consumption in the green dotted line in Figure 9.738

The aggregate decomposition masks substantial heterogeneity in the effect of these739

channels across households. The right panel of Figure 9 shows the contribution of740

each channel to the change in consumption on impact along the wealth distribu-741

tion. Low-wealth households increase consumption substantially, predominantly due742

to their higher MPCs out of the direct helicopter drop at the steady-state price level.743

In addition, the jump in the price level induces households with negative wealth to744
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increase their consumption, because it lowers the real value of their debt. For house-745

holds with positive wealth, the higher price level reduces their consumption because746

the real value of their nominal savings is curtailed. The higher real interest rate747

weakens consumption for all households because of an intertemporal motive, except748

for households on the borrowing constraint. The dashed black line delineates the749

winners and losers of this experiment in terms of 2019 US dollars. Households with750

assets lower than $51, 400, which account for 55% of the population in our calibrated751

economy, gain from the helicopter drop.752

Targeted vs Untargeted Fiscal Helicopter Drop. Figure 7 also shows that753

initial increase in the price level is even larger when the the helicopter drop is targeted754

towards poorer households. Compared to the untargeted case, the real interest rate755

rises by 1 additional percentage point on impact and, as a result, the price level756

jumps by an additional 4 percentage points (to 25%). In both the untargeted and757

targeted cases, the fiscal helicopter drop has a permanent effect on the price level and758

nominal government debt, but the inflationary effects are temporary. The saddle-759

path dynamics imply that both the real interest rate and the inflation rate return to760

their initial levels. In these experiments, the different price level responses between761

the heterogeneous agent and representative agent economies are mostly in terms of762

timing. The higher initial rise in prices in the heterogeneous agent economy is followed763

by lower inflation, and the long-run cumulative increase in the price level is the same764

in the two economies.765

Fiscal Helicopter Drop Under Different Surplus Reaction Rules. To justify766

focusing attention on the saddle-path equilibrium we are implicitly appealing to long-767

run inflation anchoring. As discussed in Section 4.3, surplus reaction rules are an768

alternative route to uniqueness. Figure 10 shows that the price level, real rate and769

inflation dynamics from the fiscal helicopter drop are not sensitive to using either of770

the two classes of surplus reaction rules in equations (33) and (34) that guarantee a771

unique equilibrium.772

However, the two rules differ in the direction that primary deficits respond to773

the fiscal helicopter drop. Under the real debt reaction rule (33), the downward774

revaluation of real debt from the initial burst of inflation leads the fiscal authority775

to cut deficits following the helicopter drop. Under the real rate reaction rule, the776
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Figure 10
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Note: Impulse responses to targeted fiscal helicopter drop under alternative fiscal rules. The
dotted orange line corresponds to the “real debt rule” of equation equations (33) and the
dashed red line corresponds to the “real rate rule” in equation (34) with parameter values
of ϕb = −0.5 and ϕr = −2, respectively. The dashed black line plots the initial steady state.

higher real interest rate leads to a temporary increase in primary deficits.37777

Fiscal Helicopter Drop Under Different Monetary Responses. Throughout778

our previous simulations we have assumed that the central bank holds the nominal779

rate constant at 1.5% in response to the helicopter drop. Figure 11 reports results780

from two alternative experiments in which nominal rates are lowered at the same781

time as the fiscal expansion, like was done by central banks around the world in782

2020. The dotted orange line labelled “Taylor rule” shows the effects of following783

a lagged Taylor rule as in equation (22), with a feedback parameter θm = 1 and784

a coefficient on inflation ϕm = 0.5. The dashed red line labelled “sharp rate cut”785

shows the implication of an even more powerful monetary accommodation of the fiscal786

expansion, corresponding to an immediate cut in the short-term interest rate all the787

way to zero, followed by a gradual normalization after 9 quarters. For comparison,788

the blue line labelled “baseline” reproduces the dynamics holding the nominal rate789

constant.790

37Cochrane (2023) argues that following an expansion in nominal debt, a reduction in primary
deficits is more in line with the historical record for the U.S. However, Jacobson et al. (2023)
discuss an important historical example in which new debt was issued with the explicit intention of
generating inflation by committing to not raise future surpluses to repay the debt.
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Figure 11
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Note: Impulse response to targeted fiscal helicopter drop under different monetary policy
responses. The dotted orange line corresponds to the Taylor rule in equation (22) with
θm = 1 and ϕm = 0.5. The dashed red line is a temporary cut of nominal rates all the way
to the zero lower bound. The dashed black line plots the initial steady state.

Monetary policy is a crucial driver of nominal aggregates. The behavior of long-791

term government bond prices is central to these dynamics. As explained in Sims792

(2011) and Cochrane (2018), a lower short-term nominal rate leads, through the yield793

curve, to a higher price of long-term government bonds. Thus, the overall price794

level must rise by a larger amount to achieve the same-size drop in the real value of795

outstanding government debt. Figure 11 shows that looser monetary policy causes an796

additional 4 to 6 percentage point increase in the price level upon impact, relative to797

the baseline with a nominal rate peg. The strength of this force is determined by the798

average duration of debt: the longer the duration, the bigger the initial jump in the799

price level. Different jumps in the price level, in turn, lead to different dynamics for800

real government debt and real interest rates through their effect on the real wealth801

distribution. However, we have found the effect on real variables to be quantitatively802

very similar across the three monetary specifications, provided that it is higher-wealth803

households that hold assets of longer duration.38804

38If higher wealth households have longer duration portfolios, an unanticipated increase in mon-
etary policy leads to larger capital losses for high-wealth households. However for moderate move-
ments in the nominal rate, the relatively low MPCs of these households lead to small movements in
the real rate. The assumption that high-wealth households hold relatively higher duration assets is
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Figure 12
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Note: Impulse response to a permanent expansion in primary deficits. The dotted orange
line shows the effects of a reduction in surplus in the Representative Agent model. The
blue line labelled “Lump Sum” illustrates the dynamics following an expansion of lump
sum transfers. The dashed red line labelled “Tax Rate” plots dynamics following a tax cut.
The orange line plots dynamics in the representative agent (RA) model. The dashed black
line plots the initial steady state.

5.5 Permanent Deficit Expansion805

Figure 12 displays impulse responses to a permanent deficit expansion from 3.3%806

to 4% of GDP. We consider two alternative policies for achieving a higher level of807

deficits. The solid blue line labeled “Lump-Sum” keeps the tax rate the same and808

raises the lump-sum transfer. The dashed red line labeled “Tax Rate” reduces the809

proportional tax rate, while keeping lump-sum transfers at their initial level.810

As was shown in Figure 3, a permanent increase in deficits shifts the steady-811

state government nullcline downwards and to the right. Starting from the high real812

rate, low inflation steady-state, the long-run impact of the deficit expansion is to813

permanently lower both the real rate and the real value of government debt. These814

effects can be seen in the top row of Figure 12. The reduction in the value of real debt815

is achieved through a jump in the price level. In addition, because monetary policy816

does not respond, the lower real-rate translates into a permanently higher inflation817

rate. To prevent the permanent increase in deficits from leading to permanently818

consistent with empirical evidence. See Doepke and Schneider (2006); Greenwald et al. (2021).
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higher inflation, the central bank would need to track the fall in the real rate by819

decreasing its nominal rate target.820

Hence in the heterogeneous agent economy with deficits and negative real rates, a821

secular increase in primary deficits can account for a secular decline in real rates, i.e.822

secular stagnation. The fact that permanently higher deficits result in a permanently823

lower real rate and higher inflation is a distinguishing feature of the heterogeneous824

agent economy relative to the representative agent economy, in which a permanent825

increase in deficits has no impact on real rates or inflation.826

These effects are all more pronounced when deficits are increased by raising lump-827

sum transfers than by lowering the proportional tax rate. The reason is that raising828

lump-sum transfers lowers the amount of uninsured idiosyncratic risk, thereby weak-829

ening the overall precautionary motive in the economy, while lowering proportional830

taxes raises the overall precautionary motive. Graphically, these differences manifest831

as different shifts in the household asset demand curve a(r).832

5.6 Additional Quantitative Results833

Inflationary Effects of Redistributive Wealth Taxes. In order to emphasize834

the inflationary effects that arise from redistribution, Not For Publication Appendix835

K considers purely redistributive shocks: one-time wealth taxes levied on the top 10%836

of the wealth distribution, the proceeds of which are redistributed lump-sum to the837

bottom 60%. Although these shocks do not entail any new issuance of government838

debt or any change in primary deficits, they do cause a prolonged period of inflation.839

Endogenous Output. Not For Publication Appendix L studies a permanent change840

in primary deficits in an economy where households make a labor-leisure choice with841

endogenous output. This extension serves to demonstrate that none of the qualitative842

forces relating heterogeneity and precautionary savings to prices and inflation that843

we have emphasized depend on an endowment economy per se.844

6 Conclusions845

We extend the fiscal theory of the price level to a heterogeneous-agent incomplete-846

market economy with flexible prices. In contrast to its representative agent coun-847

terpart, this model can be used to study an environment in which the government848
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runs persistent deficits and the real rate is below the aggregate growth rate of the849

economy. This configuration is a more accurate representation of the current state of850

affairs in many developed economies.851

After showing that this model generically has two steady-states, we proposed a852

number of ways to obtain uniqueness for price level and inflation dynamics. Armed853

with uniqueness, we performed experiments that illustrate the forces at work in our854

model. The feature of our economy that accounts for different dynamics relative855

to its representative agent counterpart is the two-way feedback between price-level856

dynamics on the one hand, and redistribution and precautionary saving on the other.857

Redistribution and precautionary saving are also key determinants of the maximum858

deficit the economy can permanently sustain.859

In on-going work we are extending this framework in two directions. The first860

is to include nominal rigidities, which gives rise to smoother price level dynamics.861

It also offers us the possibility to quantitatively confront the FTPL with the joint862

dynamics of inflation and output observed in the data, along the lines of what Bianchi863

et al. (2023) did in a representative agent model. The second is to extend our model864

to a two-asset economy with both low return nominal government bonds, and higher865

return real productive assets. Incorporating a two-asset household sector as in Kaplan866

et al. (2018) opens the door to a quantitative framework with a richer characterization867

of the possible assets through which households can save.868
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