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Abstract

How the U.S. government finances its spending—with taxes or with debt—determines how fiscal shocks move the

real exchange rate. In a New-Keynesian model with complete markets and U.S. Treasuries providing liquidity

services, government debt carries a convenience yield that falls as its supply grows. A debt-financed spending

shock expands the supply of Treasuries and compresses the convenience yield. Because bonds and consumption

are complements, the lower convenience yield raises consumption, and international risk sharing then induces

a depreciation of the real exchange rate, in line with the empirical evidence. A tax-financed shock instead

delivers the standard appreciation. The funding mix at the time of the shock is thus a sufficient statistic for

the sign of the exchange-rate response. In a quantitative two-country model, the monetary-fiscal regime shapes

the mechanism: the real exchange rate depreciates on impact under both monetary and fiscal dominance, but

the convenience yield falls under the first and rises under the second. State-dependent local projections on U.S.

data confirm the joint pattern predicted by monetary dominance. Liquidity services of government debt thus

reshape the international transmission of fiscal policy.
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1 Introduction

Governments across advanced economies have run large and volatile deficits over the past two

decades, from the response to the Great Financial Crisis to the unprecedented fiscal stimulus

of the Covid-19 pandemic. How such expansions transmit across borders is a central question

for open-economy macroeconomics, and the real exchange rate is a key margin of adjustment.

Yet theory and evidence disagree on how it responds.

A large class of DSGE models with flexible (Backus et al., 1994; Engel, 2002) or sticky

(Corsetti and Pesenti, 2001) prices predicts that an expansionary fiscal shock causes a real

appreciation. As government spending increases, forward-looking households expect higher

future taxation, which lowers their permanent income. They consume less, and the real

exchange rate appreciates through the international risk-sharing condition implied by market

completeness. Contrary to these predictions, a vast empirical literature finds that fiscal

shocks induce an increase in consumption and a depreciation of the real exchange rate (Kim

and Roubini, 2008; Monacelli and Perotti, 2010; Ravn et al., 2012).

This paper establishes the role of the convenience yield of U.S. Treasuries and its interaction

with the funding composition of government spending in reconciling this discrepancy.

Under Ricardian equivalence, the contemporaneous funding source of new expenditure is

irrelevant, provided the government ultimately covers expenditure through future taxation.

However, the empirical literature on fiscal multipliers shows that the source of immediate

funding matters (Ilzetzki et al., 2010; Chodorow-Reich, 2019; Ramey, 2019). Likewise, sev-

eral theoretical mechanisms can break Ricardian equivalence, including finitely-lived agents

(Blanchard, 1985) and household heterogeneity (Galí et al., 2007; Brinca et al., 2016).

We focus on the convenience yield of U.S. Treasuries as a mechanism that can break Ricardian

equivalence. U.S. Treasuries trade at a premium relative to similarly safe domestic securities

(Krishnamurthy and Vissing-Jorgensen, 2012) and foreign government bonds (Du et al.,
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2018) due to their liquidity, dollar denomination, and role as the premier global safe asset.

These non-pecuniary benefits are robustly negatively correlated with the nominal and real

amount of debt outstanding (Jiang et al., 2024). The literature commonly models this feature

as a term in households’ utility function that is increasing and concave in real debt holdings

(Krishnamurthy and Vissing-Jorgensen, 2012; Jiang et al., 2021, 2023).1 In this framework,

an increase in government debt supply resulting from a debt-funded fiscal expansion lowers

the marginal utility of real debt holdings and the convenience yield. As a result, consumption

increases ceteris paribus through intratemporal substitution. Under complete markets, the

real exchange rate then depreciates in accordance with the empirical evidence.

This link is visible in the data: periods of dollar depreciation tend to coincide with a compres-

sion of the convenience yield (Figure 1), mirroring the tight correlation between convenience

yields and the real dollar exchange rate (Valchev, 2020; Engel and Wu, 2023).
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Figure 1: Correlation between real exchange rate depreciation and convenience yield

Notes: Correlation between the cumulative real depreciation of the U.S. dollar narrow index and the convenience yield,
proxied by the spread between the Moody’s Aaa corporate bond yield and the ten-year Treasury constant maturity rate. Both
series are monthly averages. Sample: 1973Q1–2025Q4.

1A related mechanism arises in Bacchetta et al. (2026), where agents alternate between saving and
investment states and limited pledgeability creates a demand for liquid government liabilities.
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We start by embedding this mechanism in a simple New-Keynesian open-economy model with

complete markets and a fiscal rule allowing the government to choose the mix of taxation

or debt that contemporaneously finances new expenditure. We posit that the central bank

keeps the real interest rate fixed, so that the feedback of monetary policy to consumption

through intertemporal substitution is shut down, and there is no possibility of government

debt revaluation through surprise inflation.

Thanks to this assumption, we derive an analytical solution of the model in terms of con-

sumption and real government debt. For a sufficiently high fraction of debt funding, an

expansionary fiscal shock leads to an increase in consumption and a real depreciation. On

the contrary, a tax-funded shock implies a drop in consumption and an appreciation as in

the standard New-Keynesian open-economy model. Therefore, the degree of debt financing

is a sufficient statistic for the sign of the real exchange rate response.

We then move to a quantitative model to understand the effects of the convenience yield

in a richer environment. We micro-found the convenience yield by explicitly modeling the

liquidity benefits of U.S. Treasuries as facilitating transactions (Bansal and Coleman, 1996),

introducing a further channel through the stochastic discount factor of households. We also

assume the central bank follows an inertial Taylor rule, restoring the response of consumption

to monetary policy. Consequently, the model also relaxes the assumption of debt repayment

solely through future taxation, allowing us to analyze the intertemporal funding source of

government spending in “monetary dominance” and “fiscal dominance” equilibria, following

the nomenclature in Leeper (1991).

Under fiscal dominance, a debt-funded fiscal shock results in higher inflation on impact as the

central bank accommodates the fiscal expansion by raising the nominal rate only weakly. As

a consequence, the real interest rate falls and consumption rises through an intertemporal

substitution effect. This mechanism, first examined by Jiang (2022), can deliver a real

depreciation with complete markets. However, in this regime the convenience yield actually
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increases with nominal outstanding debt. This co-movement arises because the central bank

inflates away the real value of government debt to satisfy its budget constraint.

Under monetary dominance, the central bank reacts to the inflationary pressure of a debt-

funded fiscal shock by raising the nominal interest rate enough for the real rate to rise as

well, according to the Taylor principle. As a result, the relative marginal utility of domestic

consumption rises and the real exchange rate appreciates ceteris paribus due to the Backus-

Smith condition. However, the convenience yield effect dominates as long as nominal rates

do not react too strongly to inflation or taxes to debt, leading to an increase in consumption

and a real depreciation. The convenience yield drops in response to the debt-funded shock,

as the amount of real debt outstanding rises in tandem with its nominal counterpart.

Therefore, the quantitative model predicts the correlation between the convenience yield and

the real exchange rate should be positive under fiscal dominance, and negative under mon-

etary dominance. This pattern is borne out in the data, as Figure 1 shows: the convenience

yield and real exchange rate move in opposite directions in periods of recognized monetary

dominance such as the Great Moderation (Bianchi and Ilut, 2017), while they move in tan-

dem in times of likely fiscal dominance such as the late 1970s and the post-Great Financial

Crisis years (Bianchi et al., 2023).

Notably, a tax-financed fiscal shock predicts an appreciation of the real exchange rate under

both fiscal and monetary dominance, underscoring the crucial role of the contemporaneous

financing source regardless of the monetary-fiscal regime.

We also provide empirical evidence on the importance of the funding composition for the

response of the real exchange rate to fiscal shocks. We introduce a new methodology to

identify states of debt- or tax-financing of government spending via the dynamics of budget

deficits. In a debt-financing state, a fiscal expansion leads to an exchange rate depreciation

accompanied by a fall of the convenience yield of U.S. Treasuries, while in the tax-financed

one the real exchange rate appreciates and the convenience yield rises. Such results are
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consistent with the predictions of both the analytical model and the quantitative model

under monetary dominance.

Related literature

This paper sits in the literature on the exchange rate appreciation puzzle. A set of studies

reconciles the puzzle via alternative specifications of households’ utility function, including

non-separability of consumption and leisure (Monacelli and Perotti, 2010) and deep habits

(Ravn et al., 2012), while others depart from the assumption of unproductive government

spending (Di Giorgio et al., 2018) or introduce government spending in the utility function

(Bouakez and Rebei, 2007). An alternative explanation relies on spending reversals (Corsetti

et al., 2012): in a Ricardian setting, a real depreciation can follow a fiscal expansion if house-

holds expect future spending cuts. Another strand relaxes the complete-markets assumption

to break the link between consumption and the real exchange rate (Kollmann, 2010; Bouakez

and Eyquem, 2015).

Our key contribution lies in proposing a mechanism based on the unique role of U.S. Trea-

suries as a global safe asset, helping explain why the empirical evidence of real deprecia-

tion following fiscal shocks is particularly robust for the United States, but weaker for the

European Union (Beetsma et al., 2008; Benetrix and Lane, 2013) and emerging markets

(Miyamoto et al., 2019).

The closest paper is Jiang (2022), which reconciles the exchange rate appreciation puzzle via

the fiscal theory of the price level. Our results extend this analysis by drawing implications

for the joint response of the real exchange rate and the convenience yield to fiscal shock

under monetary and fiscal dominance.

In studying fiscal funding, we connect to the literature on state-dependent fiscal multipliers.

While much of this literature examines how multipliers vary with the business cycle or

monetary-policy regime (Auerbach and Gorodnichenko, 2012; Ramey and Zubairy, 2018),
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we focus on the source of fiscal financing. Mountford and Uhlig (2009) finds that debt-

financed spending raises output and consumption modestly. Priftis and Zimic (2021) and

Broner et al. (2022) distinguish between debt holders, showing that foreign purchases raise

fiscal multipliers by mitigating crowding-out. Ghomi et al. (2025) show that short-term

debt financing yields larger multipliers. We contribute by developing a novel empirical

methodology to identify debt- and tax-funded fiscal shocks and demonstrating their different

effects on real and financial variables.

Another related literature studies the macroeconomic implications of the convenience yield

of U.S. Treasuries, especially for nominal exchange rates. Valchev (2020) develops a model

with bond preferences and slow tax adjustment that generates exchange rate oscillations

and short-run Uncovered Interest Parity (UIP) failures with long-run reversals. Jiang et al.

(2024) shows how demand for the non-pecuniary benefits of Treasuries accounts for exchange

rate volatility, disconnect, and UIP deviations. More broadly, Jiang et al. (2021) links dollar

exchange rate dynamics to movements in the convenience yield. We contribute by showing

that convenience yields also help explain real exchange rate dynamics.

An emerging literature studies the implications of convenience yields for fiscal policy. Bonam

(2020) shows that convenience yields relax fiscal constraints and enhance countercyclical

policy effectiveness. Rannenberg (2021) shows that fiscal expansions can raise consumption

when government bonds enter utility through a mechanism closely related to ours. Ghomi

et al. (2025) explain larger multipliers under short-term debt through the safety and liquidity

services of government debt. We extend this line of work to an open-economy setting and

analyze the role of tax versus debt financing.

Roadmap

The rest of the paper is structured as follows. Section 2 contains the analytical model.

Section 3 contains the quantitative model. Section 4 provides empirical evidence. Section 5

concludes.
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2 Analytical model

In this section, we present a stylized model to deliver analytical results and clearly illustrate

the core mechanism. The framework builds on the standard New-Keynesian small open-

economy model with complete markets. The global economy consists of a small open economy

— referred to as the home country — and a large foreign country representing the rest of the

world. Each country is populated by a continuum of identical, infinitely-lived households,

and features a continuum of monopolistically competitive firms producing differentiated final

goods.

Following Krishnamurthy and Vissing-Jorgensen (2012), we adopt a bonds-in-the-utility-

function approach to capture the non-pecuniary convenience benefits investors derive from

holding home-issued nominal bonds. Moreover, both countries exhibit a symmetric prefer-

ence for bonds issued by the home country, following Jiang et al. (2021). This assumption

reflects the unique global role of U.S. Treasuries as safe assets, which command a premium

over other sovereign bonds with similar risk and return profiles (Du et al., 2018; Jiang et al.,

2021; Jiang, 2023).

In our model, the small open economy represents the United States. While this is a strong

and stylized assumption, it serves as a useful benchmark for understanding the role of the

convenience yield in addressing the exchange rate appreciation puzzle. We relax this as-

sumption by building a quantitative two-country model in Section 3.

In what follows, we use an asterisk to denote variables associated with the rest of the world.

Throughout the paper, variables without time subscripts denote steady-state values. Further

details on the analytical model are provided in Appendix A.
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2.1 The household

The representative household in the home country maximizes expected lifetime utility

Et
∞∑
t=0

βt

(
C1−σ
t

1− σ
− N1+φ

t

1 + φ
+ χ

(
Bn

Ht

Pt
)1−ψ

1− ψ

)
, (1)

subject to the budget constraint

PtCt+EtΛt,t+1Dt+1+B
n
Ht+EtBFt = Dt+WtNt−PtTt+Bn

Ht−1(1+it−1)+EtBn
Ft−1(1+i

∗
t−1) (2)

and to the appropriate no-Ponzi-game conditions. In the utility function 1, parameters

β ∈ (0, 1) and φ are, respectively, the subjective discount factor and the inverse of Frisch

elasticity of labor supply. The utility provided by home-issued government bonds depends

on real holdings, BHt ≡
Bn

Ht

Pt
, the preference weight χ, and the curvature parameter, ψ. The

assumption ψ > 0 ensures decreasing marginal utility from real government bond holdings.

As a consequence, the equilibrium convenience yield is decreasing in the real amount of

bond holdings, in accordance with empirical evidence. Ct is a composite consumption index

and Nt denotes hours of labor supplied to the firms. In Equation 2, Bn
Ht and Bn

Ft are the

household’s nominal holdings of, respectively, domestic and foreign government bonds; Dt+1

is the nominal payoff in period t + 1 of the portfolio of Arrow securities held at the end of

period t (including shares in firms); Λt,t+1 is the stochastic discount factor for one-period-

ahead nominal payoffs relevant to the domestic household; Et is the nominal exchange rate,

defined as the price of a unit of foreign currency in terms of the domestic currency; Wt is the

nominal hourly wage; it and i∗t are the nominal interest rates paid on, respectively, domestic

and foreign government bonds. The presence of Arrow securities makes foreign government

bonds redundant, but we keep them as a separate asset to derive the UIP condition and the

convenience yield. They can be equally considered as an Arrow security that pays one unit

of foreign currency with certainty.
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We log-linearize the model around a zero-inflation steady state, denoting log-deviations from

steady-state in lowercase. Denote by qt the real exchange rate, defined as the ratio of foreign

to domestic prices, c∗t foreign level of consumption, and ωt ≡ wt− pt the domestic real wage.

Then, the household’s log-linearized optimality conditions are

σct + φnt = ωt, (3)

σEt∆ct+1 + Etπt+1 − it =
1− β(1 + i)

β(1 + i)
(σct − ψbht), (4)

σEt∆ct+1 + Etπt+1 − i∗t − Et∆et+1 = 0, (5)

along with the respective transversality conditions. Equation 3 represents the standard labor

supply curve, which balances consumption and hours worked.

Equations 4 and 5 are the optimality conditions with respect to the real holdings of domestic

and foreign government bonds, respectively. From 4, we observe that the convenience yield

on domestic bonds — defined as the right-hand side of the equation — equals the marginal

rate of substitution between real domestic government bond holdings and consumption, and

it is a decreasing function of the real bond holdings. Consequently, consumption and bonds

are complements in the convenience yield margin: an increase in bond holdings requires

consumption to rise ceteris paribus for Equation 4 to hold.

By combining Equations 4 and 5, we derive the UIP condition for the domestic economy:

i∗t + Et∆et+1 − it =
1− β(1 + i)

β(1 + i)
(σct − ψbht). (6)

The convenience yield is defined as the right-hand side of Equation 6: a wedge in the UIP

condition implying that the difference between the domestic interest rate, it, and the foreign

interest rate, i∗t , is not fully compensated by movements in the nominal exchange rate. The

modified UIP condition also implies that in the steady state the domestic interest rate is

lower than both the foreign interest rate and the domestic household’s rate of time preference,
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1/β.

By combining domestic and foreign optimality conditions, we can derive the standard Backus-

Smith international risk-sharing condition in complete markets:

qt = σ(ct − c∗t ). (7)

Therefore, in the analytical model the real exchange rate is proportional to the relative

marginal utility of domestic and foreign consumption. As foreign consumption is fixed due to

the small-open-economy assumption, the dynamics of domestic consumption fully determine

those of the real exchange rate.

By examining the equilibrium conditions above, we can already identify how the core mech-

anism of our model addresses the exchange rate appreciation puzzle in partial equilibrium.

Specifically, holding c∗t , i∗t , it and Etπt+1 constant, a debt-financed government spending shock

raises the supply of government bonds, in turn reducing the convenience yield. A lower con-

venience yield then leads to higher current consumption (and lower consumption growth),

as reflected in Euler equation 4. In turn, the rise in current consumption results in a depre-

ciation of the real exchange rate ceteris paribus, as indicated by the Backus-Smith condition

7; and in an expected appreciation of the nominal exchange rate, as shown by the modified

UIP condition 6.

The key mechanism is the complementarity between consumption and bond holdings, and the

wedge in intertemporal consumption smoothing—both arising from introducing government

bonds in the utility function, as in Rannenberg (2021). The first reflects the dependence

of Equation 4 on the marginal rate of substitution between consumption and bonds: a

debt-funded fiscal expansion lowers the marginal utility of government debt, inducing higher

consumption. The second arises because the convenience yield makes the marginal utility

of current consumption less than proportional to that of future consumption, as seen by

isolating ct in Equation 4, thereby dampening intertemporal substitution. Hereafter we
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refer to these two channels jointly as the “intratemporal substitution channel”, as they both

ultimately arise from the substitution margin between consumption and government bonds.

If sufficiently strong, these channels offset the negative wealth effect of government spending,

which in standard complete-market models reduces consumption via the Ricardian effect of

current or expected future tax increases.

2.2 The firms

We adopt an entirely standard approach in the New-Keynesian literature by positing that

monopolistically competitive firms produce differentiated goods and set prices à la Calvo

(1983), so that each period a fraction θ of firms cannot change their prices.

The solution of the firms’ optimization problem results in a Phillips curve expressed in terms

of domestic CPI inflation. Its log-linearized expression is

πt = β Etπt+1 + η
(
∆qt − β Et∆qt+1

)
+ κ

[
(wt − pt) + η qt +

αp
1− αp

yt

]
, (8)

where αp ∈ (0, 1) denotes the output elasticity with respect to labor, ϵp > 1 the elasticity of

substitution across differentiated goods, and defining composite parameters η ≡ ϵb
1−2ϵb

, and

κ ≡ (1−βθ)(1−θ)
θ

1−αp

1−αp+ϵpαp
.

2.3 Fiscal policy

Given that households derive utility from holding U.S. government bonds, Ricardian Equiv-

alence does not hold. Therefore, the composition of government financing through taxes

or deficits affects real variables, including consumption, by altering the equilibrium level of

domestic government debt. We therefore specify fiscal policy to isolate the role of funding

composition through variation in policy parameters.
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The government budget constraint is

Bn
t + PtTt = (1 + it−1)B

n
t−1 + PtGt, (9)

where Bn
t denotes the nominal value of government bonds and Gt the real level of government

expenditure. We also denote with Bt ≡ Bn
t

Pt
the real amount of domestic government bonds,

analogously with BHt.

Similarly to Galí et al. (2007), we assume a fiscal policy rule of the form

tt = ϕbbt−1 + ϕggt, (10)

where parameters ϕb and ϕg describe the fiscal policy stance. ϕg is of primary interest in our

model, as it determines the funding source of government spending. The extreme cases are

ϕg = 0, corresponding to full debt financing; and ϕg = 1, corresponding to full tax financing.

The model also allows for a range of partially debt-funded spending with ϕb ∈ (0, 1).

Importantly, the notion of funding embedded in ϕg is purely contemporaneous, while the

parameter ϕb regulates the degree to which debt shocks are funded by future taxation. In

the simplified version of the model, we restrict our attention to equilibria in which the

fiscal authority eventually repays all debt by means of a high enough ϕb. These equilibria

correspond to the notion of monetary dominance in the monetary-fiscal interaction literature

(Leeper, 1991). In Section 3, we extend our analysis to cases of fiscal dominance in which

the central bank stabilizes debt by accommodating deficits through higher inflation.

Finally, government purchases are assumed to evolve exogenously according to a first order

autoregressive process

gt = ρggt−1 + εt, (11)

where ρg ∈ (0, 1) and εt is a serially uncorrelated disturbance with zero mean.
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2.4 Monetary policy

To obtain analytical results, we assume that the monetary authority adjusts the nominal

interest rate one-for-one with expected inflation.

This implies that the real interest rate remains constant in every period, i.e.

it − Etπt+1 =
∞∑
s=0

(it+s − Etπt+1+s) = 0 ∀t.

As a consequence, the effect of monetary policy on consumption through intertemporal sub-

stitution is shut down, allowing us to isolate the convenience yield mechanism. Importantly,

a fixed real rate also prevents debt revaluation through unexpected jumps in inflation. Com-

bined with debt repayment through future taxation ensured by a high enough ϕb, this feature

rules out solutions of the appreciation puzzle through a lower real interest rate as in models

that adopt the fiscal theory of the price level (Jiang, 2022).

2.5 Equilibrium dynamics

The model is closed by market-clearing conditions for domestic goods and domestic govern-

ment bonds, reported in Appendix A.1. To solve the model, we log-linearize its equilibrium

conditions around a symmetric, zero-inflation steady state.2 We assume that all foreign

variables remain at their steady state values (c∗t = 0, i∗t = 0, π∗
t = 0, g∗t = 0), with the

sole exception of real domestic government bond holdings by foreign countries, normalized

by domestic prices (b∗ht). Since foreign households also derive utility from holding domestic

government bonds, we can solve for b∗ht and express the equilibrium conditions solely in terms

of total domestic government debt, i.e. bt. Further details on foreign households are provided

in Appendix A.2.

Under a constant real interest rate, the model simplifies to a system of two equations with
2Appendix A.3 characterizes the steady state in further detail.

13



two endogenous dynamic variables, ct and bt−1, and one exogenous state variable, gt.

Proposition 1. The system of stochastic dynamic equations characterizing the solution of

the model is

Etct+1 = Γct − Ωbt, (12)

bt = Ξbbt−1 + Ξggt, (13)

where

Ξb ≡ 1 + i−
(
i+

G

B

)
ϕb, Ξg ≡

G

B
−
(
i+

G

B

)
ϕg,

Ω ≡ 1− β(1 + i)

β(1 + i)

ψ

σ
, Γ ≡ 1 +

1− β(1 + i)

β(1 + i)

(
ψ
B∗
H

B
+
BH

B

)
.

Proof. In Appendix A.4.1.

The state variables of the system are home-issued real government bonds, bt−1, and the real

government expenditure shock, gt. The term G/B represents the steady state government

expenditure-to-home government debt ratio, B∗
H/B denotes the steady state ratio of home

government debt held by foreign investors to home government debt and BH/B represents

the steady state ratio of home government debt held domestically to home government debt.

We restrict our attention to unique, determinate solutions, which under the fixed real interest

rate rule depend only on fiscal policy.

Corollary 1.1. The dynamic system in Proposition 1 admits a unique stable solution if and

only if

|Γ| > 1 and |Ξb| < 1. (14)

Proof. In Appendix A.4.2

The condition |Γ| > 1 is always satisfied by construction in our model. If the steady-

state interest rate on domestic government bonds is lower than the household’s rate of time
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preference, then Γ > 1. 3 The presence of a convenience yield on domestic government

bonds lowers their interest rate both in the transition dynamics and at the steady state,

guaranteeing this relationship holds (details in Appendix A.4.2).

The condition |Ξb| < 1 ensures bounded government debt dynamics, requiring that taxes

adjust strongly enough to debt so as to eventually repay it, but not so strongly as to induce

explosive oscillatory dynamics. These stability conditions ensure that all debt is repaid

through taxation in the future regardless of the contemporary source of funding.

We restrict our analysis to monotonic dynamics, so henceforth we assume Ξb ∈ (0, 1) unless

otherwise specified.

Applying the method of undetermined coefficients, we conjecture that the policy function

for consumption, ct, takes the following form:

ct = χbbt−1 + χggt. (15)

Proposition 2. The coefficients χb and χg that satisfy the conjectured policy function are:

χb =
ΩΞb

Γ− Ξb
(16) χg =

ΓΩΞg
(Γ− Ξb) (Γ− ρg)

(17)

Proof. In Appendix A.4.3.

The convenience yield mechanism crucially shapes the behavior of consumption, as demon-

strated by the dependence of both χb and χg on Ω. If consumers do not derive concave utility

from holding government bonds, then Ω = 0 and Ricardian equivalence holds, implying that

consumption remains unaffected by the amount of debt.

The parameter χb illustrates the complementarity between debt and consumption: as long as

debt is not repaid so fast that the Ricardian effect of taxation prevails (Ξb > 0), an increase

in debt is matched by an increase in consumption through the intratemporal substitution
3This condition also implies Ω > 0.
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channel of the convenience yield, mediated by Ω. The strength of the Ricardian wealth effect

is also modulated by Γ, the consumption coefficient in the Euler equation. A high Γ dampens

the response of consumption to debt.

The parameter χg mediates the effect of government spending shocks on consumption, and

hence the real exchange rate. Since the denominator is positive under the stability conditions

and the assumption of a non-explosive autoregressive process for government spending, the

crucial term for the sign of χg is Ξg. It parametrizes the response of debt to government

spending, highlighting the fundamental role that fiscal funding plays in determining the

response of the real exchange rate to government spending shocks. If government debt

increases in response to spending (Ξg > 0), consumption rises with government spending,

while it falls if debt decreases (Ξg < 0).

Combining the solutions for χb and χg with the laws of motion for government spending gt

and debt bt from Equations 11 and 13, respectively, we can derive an analytical expression

for the impulse response function of consumption to a government spending shock.

Proposition 3. The impulse response function of consumption to a one-time unit govern-

ment spending shock εg0 = 1 (and εt = 0 for t > 0) is given by:

ct =
ΩΞg

Γ− Ξb

[
Ξb
(
Ξ t
b − ρ tg

)
Ξb − ρg

+
Γ

Γ− ρg
ρtg

]
. (18)

Proof. In Appendix A.4.4.

Given the Backus-Smith condition in Equation 7, the exchange rate appreciation puzzle is

resolved only when domestic consumption increases in response to a government spending

shock. Therefore, we establish the conditions under which the IRF is positive.

Corollary 3.1. Under monotonic debt dynamics with Ξb ∈ (0, 1), the impulse response

function of consumption satisfies ct > 0 ∀ t ≥ 0 if and only if Ξg > 0.
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Under non-monotonic debt dynamics with Ξb ∈ (−1, 0), the sequence {ct} may alternate in

sign and no sign-definite impulse response obtains without further restrictions.

Proof. In Appendix A.4.5

If debt dynamics are monotonic (Ξb > 0), so is the impulse response function of consumption,

and its sign depends on fiscal funding. If debt dynamics are oscillatory (Ξb < 0), the impulse

response of consumption may oscillate as well if fluctuations in debt are large enough.

Concavity in the demand for government bonds introduced by the convenience yield plays

a crucial role in mediating the response of consumption through the parameter Ω. With

ψ > 0 and hence Ω > 0, the marginal utility of holding government bonds decreases as

the current supply of government debt increases, prompting households to consume more

through complementarity.

Under monotonicity, Ξg > 0 is a necessary and sufficient condition for a positive response of

consumption to an expansionary fiscal shock, given concavity of Treasury preferences (imply-

ing Ω > 0) and stability of the dynamic system (implying Γ > Ξb). Therefore, consumption

rises in response to an expansionary fiscal shock if and only if debt also rises with govern-

ment spending. This condition holds as long as the proportion of new spending financed by

debt is high enough (low ϕg), given the stock of debt and interest rate at the steady state.

Since Ξb is monotonically strictly decreasing in ϕb, there exists a threshold level ϕ̄g below

which the IRF of consumption is positive ∀ t. The source of fiscal funding then emerges

as a sufficient statistic for the response of consumption, and in turn of the real exchange

rate, to government spending shocks. A numerical illustration of the analytical model in Ap-

pendix A.5 shows that ϕ̄g sits above 0.9, implying that almost any amount of debt funding

is sufficient to generate a real depreciation. This result reflects the highly stylized nature of

the framework, which shuts down real interest rate fluctuations and the associated intertem-

poral consumption-smoothing channel. We relax this and other simplifying assumptions in

the quantitative model presented in Section 3.

17



3 Quantitative model

In this section we extend the analytical model presented in Section 2 by incorporating three

features. First, we micro-found the convenience yield of U.S. Treasuries via transaction

costs, which enriches the channels through which convenience yields affect the real exchange

rate. Second, we adopt a two-country approach allowing for endogenous responses of foreign

variables to domestic fiscal shocks. Third, we reintroduce the effect of monetary policy on

consumption via an inertial Taylor rule, which additionally allows us to explore monetary-

fiscal interactions.

3.1 Convenience yield channels

The key difference with the analytical model lies in the treatment of the convenience yield.

We move from the standard bonds-in-the-utility-function framework to a transaction tech-

nology approach. Rather than enjoying utility directly from holding Treasuries, households

incur a transaction cost to consume, which Treasuries lower due to their liquidity. The

transaction cost is represented by the function

Ψ
(
Ct,

BH,t

Pt

)
≡ γ Cα

t

(
BH,t

Pt

)1−α

,

where α > 1 governs how steeply costs increase as liquidity deteriorates and γ is a scale

parameter. For α > 1, the transaction cost function is increasing and convex in consumption,

and decreasing and convex in real Treasury holdings. In this specification, households do

not derive utility directly from holding bonds, but rather benefit from their ability to lower

transaction costs as liquid assets. The marginal liquidity benefit is diminishing, and so the

strength of the convenience yield is governed by the curvature parameter α in this version

of the model.

This modeling choice aligns with the empirical features of government bonds: they are more
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liquid than other assets, often serve as collateral, and can be readily liquidated in times of

stress. This micro-founded rationale is widely adopted in the quantitative macro-finance

literature (see, for instance, Bansal and Coleman, 1996; Valchev, 2020). Importantly, the

convenience yield now enters the household’s stochastic discount factor directly, thereby

opening up an additional channel through which bond holdings affect consumption, with

consequences rippling to the real exchange rate through the international risk-sharing condi-

tion, as pointed out in Kekre and Lenel (2024). The full solution of the household’s problem

is developed in Appendix B.1. As in the analytical model, the foreign household solves

a symmetric problem with Treasuries providing liquidity services. Foreign quantities and

prices are indexed by an asterisk.

To illustrate the two convenience yield channels, we turn to the log-linearized first-order

conditions of the domestic household’s problem. The Euler equations for the domestic and

the foreign government bonds are

β(1 + i)− 1

β(1 + i)
α
(
ct − bht

)
= it − σ∆Etct+1 − Etπt+1 −Θ(1− α) (∆Etbht+1 −∆Etct+1), (19)

0 = i∗t +∆Etet+1 − σ∆Etct+1 − Etπt+1 −Θ(1− α) (∆Etbht+1 −∆Etct+1), (20)

where Θ ≡ αγ(BH/C)1−α

1+αγ(BH/C)1−α . The term pre-multiplied by α on the left-hand side is isomorphic

to the convenience-yield term in Equation 4 in the analytical model. This intratemporal

substitution channel is the only one active in the analytical model. The transaction-cost

approach introduces an additional term on the right-hand side, pre-multiplied by (1−α) and

function of future Treasury holdings and consumption. As Treasuries ease transaction costs

for consumption, they enter the marginal utility of consumption and hence the stochastic

discount factor. As a consequence, this term appears in both the domestic and foreign

government bond Euler equations. We dub this effect the “stochastic discount factor channel”.

We analyze the model with both channels active in the main text, while we study the separate

effect of the intratemporal substitution channel in Appendix B.4.1.
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By combining Equations 19 and 20, we obtain an Uncovered Interest Rate Parity condition

isomorphic to Equation 6 in the analytical model:

i∗t +∆Etet+1 − it =
β(1 + i)− 1

β(1 + i)
α
(
ct − bht

)
. (21)

3.2 International risk sharing

The quantitative model maintains the complete-markets assumption, so the following inter-

national risk-sharing condition links the relative marginal utility of consumption with the

real exchange rate:

qt =
1

1−Θ∗(1− α∗)
[σ(ct − c∗t ) + Θ(1− α)(bht − ct)] + b∗ht + c∗t , (22)

where Θ∗ ≡ α∗γ∗(B∗
H/C

∗)1−α∗

1+α∗γ∗(B∗
H/C

∗)1−α∗ .

Two important distinctions exist with its counterpart in the analytical model. First, the

two-country framework renders foreign consumption endogenous, so relative consumption

becomes the crucial driver of real exchange rate dynamics. Second, terms representing

the stochastic discount factor channel for both domestic and foreign households enter the

international risk-sharing condition, so the convenience yield affects the real exchange rate

directly, rather than just indirectly through consumption. As long as the marginal benefit

of Treasuries is diminishing (α > 1 and α∗ > 1), an increase in the Treasury holdings of the

domestic household, resulting for example from a debt-funded fiscal expansion, raises the

marginal utility of consumption all else equal, pushing the domestic currency toward real

appreciation. However, the convenience yield term in the marginal utility of consumption

also depends on consumption itself, so the net effect of the stochastic discount factor channel

on the real exchange rate is ambiguous a priori.
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3.3 Monetary Policy

The monetary authority follows an inertial CPI-based Taylor Rule, given by

it = ρiit−1 + (1− ρi)ϕππt, (23)

where ρi governs the persistence of the nominal interest rate, and ϕπ its reaction to inflation.

The foreign monetary authority follows an analogous rule. This formulation is standard in

the literature as it can match the observed persistence of nominal rates (Smets and Wouters,

2007; Valchev, 2020; Bodenstein et al., 2023). Appendix B.4.2 considers alternative monetary

policy rules.

Compared to the analytical model with a constant real interest rate, fiscal policy can no

longer be considered independently of monetary policy. The interaction between the two

links real government bond holdings to the consumption path through the government budget

constraint, implying different predictions for the relationship between the convenience yield

and the real exchange rate depending not only on the contemporaneous source of fiscal

funding, but also on whether expenditures are ultimately paid through taxes or inflation.

We analyze both types of equilibria in the following sections.

3.4 Equilibrium

The model is closed by analogous first-order conditions and monetary policy rule for the for-

eign economy, and by New-Keynesian Phillips curves, government budget constraints, fiscal

policy rules, and a domestic bond market clearing condition unchanged from the analytical

model. The goods market clearing condition is likewise standard, after accounting for the

transaction cost. The full set of equilibrium equations for the quantitative model is provided

in Appendix B.
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3.5 Calibration

We calibrate the model at a quarterly frequency using data from March 1999 to April 2026,

taking the U.S. as the domestic economy and an average of G-10 currency issuers as the

foreign economy.4 The start date is constrained by the introduction of the euro, and by the

availability of country-level data on foreign holdings of U.S. Treasuries.

We set preference and technology parameters σ, θ, ϵh, ϵp, αp and ρi to standard values from

the macroeconomic literature. We calibrate i and β to match the average interest rate on

10-year government bonds by G-10 currency issuers, and an annualized convenience yield

on U.S. Treasury securities of 1 %, the value used in Valchev (2020) and within the range

of existing estimates from the spread between U.S. Treasury securities and a host of other

traded or synthetic dollar-denominated securities (Krishnamurthy and Vissing-Jorgensen,

2012; Diamond and Van Tassel, 2022; Acharya and Laarits, 2023). We calibrate α, α∗, γ,

γ∗, φ, and ϵb jointly by imposing α = α∗ and solving steady state equations. Finally, we

calibrate the persistence of the government spending shock ρg and its standard deviation

σg by estimating an AR(1) model. Appendix B.3 contains more details on the calibration

strategy.

3.6 Impulse responses to a government spending shock

In the following analysis, we present the impulse response functions to government expen-

diture shocks under monetary dominance and fiscal dominance regimes defined as in Leeper

(1991), distinguishing between fully tax-funded and fully debt-funded scenarios. The IRFs

presented in this section use representative values of policy parameters typical in the liter-

ature, while we explore the policy parameter space in Section 3.7. Throughout the rest of

the analysis, we keep policy in the foreign economy fixed in a monetary dominance regime
4G-10 currency issuers are Australia, Canada, Denmark, the Euro Area, Great Britain, Japan, New

Zealand, Norway, Sweden and Switzerland. For the Euro Area, we use size-weighted averages for real
quantities, and the yield of 10-year German government bonds.
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with ϕ∗
π = 1.5 and ϕ∗

b = 0.5. We present results for a fiscal dominance regime in the foreign

economy in Appendix B.4.3.

3.6.1 Monetary dominance regime

Figure 2 illustrates impulse responses to a one-standard-deviation government spending

shock under monetary dominance with parameters ϕπ = 1.5 and ϕb = 0.5.

In a monetary dominance regime, the central bank has full control over inflation. It raises

the nominal rate enough for the real interest rate to also rise with a lag in response to

the bout of inflation following a government expenditure shock. Under full tax funding,

this mechanism induces domestic households to reduce their consumption more than their

foreign counterparts, while the convenience yield barely moves since domestic debt also

remains virtually flat. As a result, the real exchange rate appreciates through international

risk sharing, as predicted by the canonical New-Keynesian open-economy model. Therefore,

if debt is fully tax-funded the appreciation puzzle persists in the full model as well because

the convenience yield channels are muted.

The responses are markedly different under full debt funding. The fiscal shock causes an

increase in government debt, accompanied by a decrease in the convenience yield. The

intratemporal substitution channel leads households to raise their consumption in tandem

with their Treasury holdings due to the slackening transaction cost, which also raises the

marginal utility of consumption ceteris paribus through the stochastic discount factor chan-

nel. As a result, domestic consumption rises while foreign consumption falls on impact,

albeit by a smaller amount than under tax funding. The two convenience yield mechanisms

jointly outweigh the standard intertemporal substitution effect, demonstrating how the in-

teraction between debt funding and Treasury convenience can reconcile the evidence of real

depreciation.

The real exchange rate does not necessarily move in tandem with its nominal counterpart:
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for example, the sign of the real rate response flips depending on the source of fiscal funding,

while the nominal rate depreciates in expectation regardless. This result confirms that the

negative correlation between the convenience yield and the real exchange rate is not an

artifact of the tight link between nominal and real exchange rates in sticky-price models.

The IRFs under monetary dominance imply a negative correlation of -0.45 between the

convenience yield and the real exchange rate for debt-funded shocks, consistent with the

negative co-movement in Figure 1 for periods when monetary policy is commonly regarded

as active, such as the Great Moderation (Bianchi and Ilut, 2017).
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Figure 2: IRF to a 1 SD increase in government expenditure under monetary dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under policy
parameters ϕπ = 1.5, ϕb = 0.5, ϕ∗π = 1.5, ϕ∗b = 0.5 and baseline calibration for other parameters. Blue lines depict IRFs with
full debt funding (ϕg = 0). Dashed red lines depict IRFs with full tax funding (ϕg = 1).
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3.6.2 Fiscal dominance regime

Figure 3 illustrates impulse responses to a one-standard-deviation government spending

shock under fiscal dominance with parameters ϕπ = 0.5 and ϕb = −0.5.

In a fiscal dominance regime, the monetary authority lacks full control over inflation dynam-

ics and the government budget constraint is satisfied by inflating away debt. Consequently,

following a debt-funded government expenditure shock, the central bank reacts weakly to

inflation and the real interest rate declines. A lower real interest rate induces households to

consume more through the standard intertemporal substitution channel, and thus the real

exchange rate depreciates. This mechanism was introduced in Jiang (2022), which demon-

strates that under the fiscal theory of the price level—a case of extreme fiscal dominance—the

exchange rate appreciation puzzle is resolved. The convenience yield adds a further mech-

anism that strengthens the increase in consumption under debt funding: provided that the

central bank reacts at least partially to inflation, real debt rises as the issuance of new nomi-

nal debt offsets the valuation effect from the lower real rate. As a result, domestic households

increase their consumption through the intratemporal substitution channel.

However, under fiscal dominance the convenience yield rises following a debt-funded shock,

inducing a positive correlation with the real exchange rate of 0.66, consistent with Figure 1

only for the periods typically classified as fiscal dominance, such as the late 1970s (Bianchi

and Ilut, 2017) and the post-2008 years (Bianchi et al., 2023).

These results become particularly interesting when compared to Jiang (2022): a full account

of the joint dynamics of the real exchange rate and convenience yields in response to fiscal

shocks benefits from considering both fiscal and monetary dominance equilibria.
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Figure 3: IRF to a 1 SD increase in government expenditure under fiscal dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under policy
parameters ϕπ = 0.5, ϕb = −0.5, ϕ∗π = 1.5, ϕ∗b = 0.5 and baseline calibration for other parameters. Blue lines depict IRFs with
full debt funding (ϕg = 0). Dashed red lines depict IRFs with full tax funding (ϕg = 1).

3.7 Real depreciation regions

After studying the effects of the convenience yield in the full model under typical values for

policy parameters, we inspect the generality of our results by analyzing the response of the

real exchange rate to fiscal shocks under different combinations of ϕπ, ϕb and ϕg.

Figure 4 plots the maximum fraction of tax funding ϕ̄g that results in an on-impact real

exchange rate depreciation in response to a government spending shock, against a grid of ϕπ ∈

[0, 2] by ϕb ∈ [−1, 1.5]. The regions in white admit no stable equilibrium, while the colored

regions represent stable equilibria. The lower-left quadrant represents fiscal dominance,

characterized by low values of ϕb and ϕπ, where fiscal policy is active and monetary policy
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is passive. Conversely, the upper-right quadrant corresponds to monetary dominance, where

both ϕb and ϕπ are high, leading to an active monetary policy alongside a passive fiscal

policy.

In addition to analyzing the interactions between ϕπ and ϕb, we let the tax-funding share ϕg

vary within the interval [0, 1]. This allows us to identify the maximum fraction of tax funding

ϕ̄g consistent with resolving the exchange rate appreciation puzzle. As ϕ̄g increases, a smaller

share of government expenditure must be financed through debt issuance for the convenience

yield channel to dominate and the real exchange rate to depreciate on impact. For ϕ̄g = 0,

the exchange rate appreciates on impact regardless of the fiscal funding configuration.

The left-hand side figure shows that the real exchange rate depreciates on impact under

a wide range of policy parameters, with the threshold collapsing to 0 only in the upper-

right half of the quadrant. At the baseline parameter values of ϕπ = 1.5 and ϕb = 0.5,

a fraction of debt funding of about 50% suffices to engender a real depreciation. The ϕg

threshold is decreasing along a northeasterly gradient. For a given ϕb, as the central bank

reacts more strongly to inflation the domestic household lowers consumption relatively more

due to the higher real interest rate, pushing the real exchange rate toward appreciation and

hence raising the portion of debt funding necessary for the convenience yield channels to

prevail. Likewise, for a given ϕπ a stronger response of taxation to debt makes the latter

less persistent, dampening convenience yield dynamics and hence raising the debt-funding

threshold.

The right-hand side figure presents the same exercise in a version of the model without

convenience yield (γ = γ∗ = α = α∗ = 0). The upper-right quadrant clearly shows that

without the convenience yield the model cannot reconcile a real depreciation, consistent

with the exchange rate appreciation puzzle literature. The lower-left quadrant shows that

the convenience yield affects the fiscal dominance equilibrium too by lowering the debt-

funding threshold in the lower half of the quadrant through the intratemporal substitution
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Figure 4: On-impact depreciation regions

Notes: Threshold values of tax funding fraction ϕ̄g ∈ [0, 1] (green to blue gradient) below which the real exchange rate
depreciates on-impact in response to a one-standard-deviation government spending shock. The threshold values are plotted
against a grid of domestic policy parameters ϕπ ∈ [0, 2] by ϕb ∈ [−1, 1.5]. Foreign policy parameters are kept fixed at
ϕ∗π = 1.5, ϕ∗b = 0.5 and all other parameters are kept fixed at their baseline values over the whole grid. White areas denote
combinations of policy parameters for which the model does not admit a unique, stable solution. Left panel: model with
convenience yield. Right panel: model without convenience yield (γ = γ∗ = α = α∗ = 0).

4 Empirical evidence

In this section, we investigate whether the financing composition of government spending,

determined by ϕg in the model, matters empirically for the reaction of the real exchange rate

and convenience yield to government spending shocks. We focus on the source of contempo-

raneous funding for government expenditures, remaining agnostic on whether the intertem-

poral budget constraint of the government ultimately adjusts through future tax increases,

corresponding to a monetary-led regime, or through surprise inflation, corresponding to a

fiscal-led regime.

Distinguishing between monetary and fiscal dominance in the data is notoriously challenging

(Leeper and Walker, 2012), but our approach allows us to test the predictions of the two
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regimes by comparing the joint reaction of the real exchange rate and the convenience yield

of U.S. Treasuries in response to government spending shocks that differ in their implied

financing conditions.

4.1 Methodology

The empirical approach consists of a local projection on government spending shocks inter-

acted with a continuous state variable that defines a spectrum of debt-tax financing combi-

nations. The empirical analysis uses quarterly U.S. data over the post-Bretton Woods era

of flexible exchange rates. The sample is restricted to periods for which the Ramey (2016)

military news instrument is available (1973Q2–2015Q4). Appendix C.1 describes the data

in detail.

4.1.1 Fiscal state variable

Rather than classifying episodes into discrete debt- and tax-financed regimes, we characterize

fiscal financing conditions through a continuous, predetermined state variable. Let Dt ≡

gt − tt denote the purchases-based primary fiscal gap, where gt and tt are, respectively, real

federal purchases and receipts expressed as shares of potential output. Because gt captures

federal purchases excluding transfers and debt service and tt measures total federal receipts,

Dt is negative throughout the sample, reflecting the long-run average U.S. fiscal deficit stance.

We identify the dynamics of the fiscal funding state through the trend evolution of Dt, which

we extract via the Hodrick–Prescott filter with the standard quarterly smoothing parameter

λ = 1600. The fiscal state variable is then defined as the lagged first difference of this trend,

centered at its sample mean, which we denote xct . Low values of xct correspond to periods in

which the trend fiscal gap is stable or narrowing, i.e., an environment more consistent with

spending being backed by current or near-future taxation. High values correspond to periods

in which the trend gap is widening, i.e., an environment more consistent with debt financing.
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The lag preserves predetermination: xct is known at the time the spending shock occurs and is

therefore orthogonal to contemporaneous shocks. Appendix C.2 provides narrative evidence

that the fiscal state variable maps well to historical episodes.

4.1.2 Estimating equation

For each outcome variable yt and horizon h = 0, 1, . . . , H, we estimate a state-dependent

reduced-form local projection (Jordà, 2005; Ramey and Zubairy, 2018):

yt+h − yt−1 = αh + γh0 zt + γh1
(
zt · xct

)
+ ΓhWt−1 + εht , (24)

where zt = newst/Y ∗
t−1 is the Ramey (2016) military spending news shock normalized by

lagged nominal potential GDP, xct is the fiscal state defined earlier, and Wt−1 collects one

lag of the first differences of all outcome variables and two additional controls.5

The long-difference dependent variable implies that coefficients are interpretable as cumula-

tive responses from t− 1 to t+ h. Rather than interpreting (γh0 , γ
h
1 ) directly, we summarize

state dependence through marginal effects evaluated at selected percentiles of the state:

IRFh(q) = γh0 + q γh1 , q ∈ {p10, p50, p90}, (25)

where p10, p50, and p90 denote the 10th, 50th, and 90th percentiles of xct . These correspond

to environments of stable or narrowing fiscal gap, median financing conditions, and widening

fiscal gap — broadly consistent with, respectively, the consolidation episodes of the 1990s, a

typical quarter, and the debt-expanding episodes of the 1980s and 2000s. Inference is based

on HAC-robust standard errors (Newey and West, 1987) with Newey–West bandwidth h+1,
5The outcome variables entering Wt−1 are government purchases, the fiscal deficit, consumption, the real

interest rate, the real dollar index, and the convenience yield spread, all expressed in the units described
in Section C.1. The two additional controls are the Baa minus ten-year Treasury spread, which proxies for
the aggregate risk premium, and the ten-year minus one-year Treasury spread, which proxies for the term
premium. All variables enter as lagged first differences to preserve predetermination.
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and marginal effects are computed by the delta method.

The reduced-form specification has several advantages. First, the estimating equation is

standard OLS conditional on zt and zt · xct , so inference is straightforward and does not

depend on first-stage strength. Second, since xct is predetermined, the interaction zt · xct

inherits the exogeneity of the instrument, so Equation (24) identifies the causal effect of

the news shock on outcomes at different points in the fiscal state distribution. Third, the

marginal effect representation at percentiles avoids the arbitrary threshold problem that

besets binary regime approaches, since the choice of cutoff is not theoretically motivated.6

The identification assumption underlying Equation (24) is that the military news shock zt

is orthogonal to the error term conditional on xct and the controls Wt−1. The shock series is

constructed by Ramey (2016) by extracting public expectations of newly-announced military

spending from newspaper articles and historical accounts, and should be understood as a

news shock in the sense of the government spending anticipation literature (Mertens and

Ravn, 2010; Leeper et al., 2013). Because xct is the lagged first difference of the HP trend of

the fiscal gap, it is known at the time zt occurs and is therefore orthogonal to the shock.

4.2 Results

Figure 5 reports the main empirical results as on-impact marginal effects (h = 0) evaluated at

the 10th, 50th, and 90th percentiles of xct . Each panel displays, for a given outcome variable,

the estimated response to a military news shock across the three fiscal environments, with

68% HAC confidence intervals.7 The three evaluation points span the empirical distribution

of the fiscal state from tax-backed environments (where the trend fiscal gap was stable or

narrowing) to debt-financed environments (where it was widening), with the median state
6As a robustness check, we also estimate an IV local projection that uses zt and zt · xct to instrument the

endogenous regressors ∆gt and ∆gt · xct ; the results from that specification are reported in Appendix C.3.2.
7The raw empirical shock is 1 pp of potential output. In the quantitative model, since the steady-state

government spending share is 0.197 (see Table A.1), this corresponds to a deviation of 5.1% of steady-state
G. Because σεg = 7.15%, we rescale the empirical shock by a factor of 7.15/5.1 ≈ 1.4 to match the size of
the theoretical impulse. The rescaled shock thus corresponds to 1.4 pp of potential output.
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Figure 5: On-impact responses to military news shocks by fiscal state
Notes: On-impact marginal effects (h = 0) from Equation (24), evaluated at the 10th, 50th, and 90th percentiles of xct . The
outcome variables are, from left to right and top to bottom: government purchases, fiscal deficit, consumption, real interest
rate, real dollar index (positive values denote depreciation), and convenience yield. All fiscal and real variables are expressed
as shares of potential GDP. Vertical bars are 68% HAC confidence intervals based on Newey and West (1987) standard errors
with bandwidth h+ 1 = 1. The three evaluation points span the empirical distribution of xct from tax-backed fiscal
environments where the trend fiscal gap was stable or narrowing (p10), through median financing conditions (p50), to
debt-financed environments where the trend fiscal gap was widening (p90).

as an intermediate benchmark. Here we report on-impact responses for consistency with

the model-implied depreciation regions examined in Section 3.7, while full dynamic impulse

responses up to H = 20 quarters are reported in Appendix C.3.1.8

Government spending rises by approximately 0.05 percentage points of potential GDP on
8The dynamic responses confirm that the on-impact results are not transitory: the sign patterns docu-

mented below persist for several years following the initial shock. One feature worth noting is the convenience
yield response under debt-financed conditions: it declines on impact, rises modestly for several quarters, and
then falls persistently into negative territory. The transitory increase in the intermediate quarters may re-
flect a flight-to-safety dynamic: military news shocks are associated with heightened geopolitical uncertainty,
which can temporarily raise the demand for safe assets and affect the spread between corporate and Treasury
yields independently of supply conditions. As the associated Treasury issuance materializes and accumulates
over subsequent quarters, the supply-side effect dominates and the convenience yield declines persistently in
the direction predicted by the model. This non-monotonic dynamic does not contradict the model’s central
prediction, which concerns the medium-run behavior of the convenience yield.
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impact across all fiscal states, confirming that the military spending news shock generates a

positive spending impulse regardless of the financing environment. The purchases-based pri-

mary fiscal gap widens by approximately 0.05 percentage points in tax-backed environments

(a response that is not statistically significant) and by approximately 0.15 percentage points

in debt-financed environments, consistent with spending shocks being accompanied by less

contemporaneous fiscal offset when the trend gap is already widening.

The response of consumption displays substantial state dependence. At low values of the

state, the on-impact response is negative, at approximately −0.05 percentage points of po-

tential GDP, consistent with the standard Ricardian wealth effect operating when spending

is perceived as tax-backed. At high values, the consumption response becomes positive, at

approximately 0.05 percentage points, consistent with the convenience yield mechanism: a

debt-financed expansion reduces the marginal utility of government bond holdings and raises

consumption. Both responses are statistically significant at the 68% confidence level.

The financial variables move in a direction consistent with this interpretation. As the fis-

cal state shifts from low to high values, the real-rate proxy declines, the convenience yield

falls, and the real exchange rate depreciates more strongly. In the high-state environment,

the dollar depreciates by approximately 0.7 percentage points on impact and the deprecia-

tion persists; in the low-state environment, it appreciates by roughly 0.7 percentage points,

i.e., a total state-dependent swing of nearly one percentage point from a single quarter’s

shock. The convenience yield falls by approximately 0.05 percentage points in debt-financed

environments, a statistically significant response, and rises by approximately 0.02 percent-

age points in tax-backed environments, a response that is not statistically significant. The

magnitude of the empirical impulse responses generally lies between those generated by the

quantitative model under monetary and fiscal dominance.

Importantly, the joint behavior of the real exchange rate and the convenience yield allows us

to discriminate between two competing explanations for the high-state depreciation. A real
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depreciation accompanied by a falling convenience yield is consistent with the core mecha-

nism of our model under monetary dominance: higher debt supply reduces the convenience

yield on Treasuries and raises consumption. By contrast, a real depreciation accompanied by

a rising convenience yield would be consistent with the fiscal theory channel of Jiang (2022),

in which debt is stabilized through surprise inflation that erodes its real value. The empirical

evidence favors the former: the convenience yield falls at high state values, suggesting that a

monetary dominance equilibrium is overall a better fit for the data in our sample. This joint

sign pattern — depreciation and falling convenience yield in high-state environments, ap-

preciation and rising convenience yield in low-state environments — constitutes the central

empirical finding of the paper.

5 Conclusion

This paper establishes two implications of the convenience yield of U.S. Treasuries for the

reaction of the real exchange rate to fiscal shocks.

First, if households value the liquidity of government bonds, real debt holdings become a

key equilibrium variable, affecting consumption through both an intratemporal substitution

margin and the stochastic discount factor. As a consequence, the contemporaneous com-

position of funding for government spending assumes a crucial role for real exchange rate

dynamics under complete markets. In a simple New-Keynesian open-economy model with a

fixed real interest rate, this mechanism suffices to deliver a real depreciation following fiscal

expansions, provided they are financed at least in part by debt.

Second, in a model with a variable real interest rate, monetary-fiscal interactions take center

stage by determining the intertemporal source of fiscal funding. Under fiscal dominance,

a debt-funded fiscal expansion depreciates the real exchange rate, but it also causes the

convenience yield to rise. Instead, a monetary-led regime predicts a drop in the convenience
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yield and a real depreciation following debt-funded fiscal shocks, provided that the central

bank reacts relatively weakly to inflation. Intriguingly, the direction of the empirical co-

movement between the convenience yield and the exchange rate under periods typically

regarded as displaying monetary or fiscal dominance matches the predictions of the model.

Empirical evidence supports the predictions of the quantitative model under monetary dom-

inance: in the U.S., a debt-funded fiscal shock leads to a real depreciation and a lower con-

venience yield, while a tax-funded one results in an appreciation and a higher convenience

yield.

In an environment of large and volatile government spending, these results underscore the

importance of fiscal financing and monetary-fiscal interactions, as debt- and tax-funded

shocks have starkly different implications not only for the domestic economy and the liquidity

of its government debt, but also beyond national borders through exchange rates. More

broadly, these findings suggest that accounting for the liquidity services of government debt

is essential for understanding the international transmission of fiscal policy.
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A Analytical model

In this appendix, we provide a more detailed exposition of the analytical model introduced

in Section 2, clarifying key aspects where additional information is necessary for a full un-

derstanding of the model.

A.1 Market clearing

The goods market clearing condition for domestic output is

Yt =

(
PHt
Pt

)−ϵh {
(1− ϵb)Ct + ϵbQ

ϵh
t C

∗
t + (1− ϵb)

Gt

Pt
+ ϵbQ

ϵh
t

G∗
t

P ∗
t

}
. (A.1)

The market-clearing condition for domestic government bonds is

Bn
T = Bn

H,t +Bn∗
H,t, (A.2)

where Bn∗
H,t are the foreign household’s nominal holdings of domestic government bonds. We

also denote with B∗
t ≡ Bn∗

Ht

Pt
the real amount of domestic government bonds normalized to

the domestic price level, analogously with BHt and Bt.

A.2 The foreign household

The representative household in the rest of the world maximizes its expected lifetime utility

Et
∞∑
t=0

βt

C∗1−σ
t

1− σ
− N∗1+φ

t

1 + φ
+ χ∗

(
Bn∗

Ht

P ∗
t
)1−ψ

1− ψ

 , (A.3)
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subject to the budget constraint

P ∗
t C

∗
t + EtΛ∗

t,t+1E−1
t D∗

t+1 + E−1
t Bn∗

Ht +Bn∗
Ft

= E−1
t D∗

t +W ∗
t N

∗
t − P ∗

t T
∗
t + E−1

t Bn∗
Ht−1(1 + it−1) +Bn∗

Ft−1(1 + i∗t−1)

(A.4)

and to the appropriate no-Ponzi-game conditions. In Equation A.4, Bn∗
Ht and Bn∗

Ft are the

foreign household’s nominal holdings of, respectively, home-issued and foreign-issued gov-

ernment bonds.

The foreign household’s optimality conditions for real government bond holdings BHt ≡
Bn∗

Ht

Pt

and B∗
Ft ≡

Bn∗
Ft

P ∗
t

, log-linearized around a zero-inflation steady state, are given by

σEt∆c∗t+1 + Etπ∗
t+1 + Et∆et+1 − it =

1− β(1 + i)

β(1 + i)
(σc∗t − ψb∗ht + ψqt), (A.5)

σEt∆c∗t+1 + Etπ∗
t+1 − i∗t = 0. (A.6)

Equations A.5 and A.6 are the optimality conditions with respect to home-issued and foreign-

issued government bonds, respectively.

By combining Equations A.5 and A.6, we derive the Uncovered Interest Parity condition for

the rest of the world:

i∗t + Et∆et+1 − it =
1− β(1 + i)

β(1 + i)
(σc∗t − ψb∗ht + ψqt). (A.7)

A.3 Steady state

According to the Backus-Smith condition (Equation 7), in steady state, we have:

C = νC∗Q
1
σ , (A.8)
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where ν is a constant equal to one when both countries share the same preferences and

economic environment. However, in our setup, the home country and the rest of the world

are asymmetric, as both economies exhibit a preference for home-issued bonds. To address

this technical challenge, we calibrate the steady-state ratio of consumption to output in the

home country, i.e. C/Y .

Moreover, we assume that all nominal prices are normalized to one in the steady state:

PH = PF = P = 1 =⇒ Q = 1. (A.9)

Given the elasticity of substitution across varieties, the steady-state markup for firms is given

by

P

W
=

ϵp
(ϵp − 1)

Y
αp

1−αp

(1− αP )
. (A.10)

Furthermore, following the standard New-Keynesian framework, we impose

Y = N1−αp , (A.11)

CσNφ =
W

P
. (A.12)

Now we can express steady-state output as

Y =

( ϵp−1

ϵp
(1− αp)

(C
Y
)σ

) 1

σ+
φ+αp
1−αp

. (A.13)

By evaluating Equations 4 and 5 at the steady state, we derive an expression for the steady-

state convenience yield:

1 = β(1 + i∗) (A.14)
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1 = β(1 + i) + χB−ψCσ (A.15)

=⇒ i∗ − i =
χ

β
B−ψCσ. (A.16)

A.4 Proofs

A.4.1 Proposition 1

Proof. We derive the reduced-form dynamic system by expressing the model solely in terms

of aggregate domestic government debt bt and consumption ct.

We begin with the log-linearized market-clearing condition for domestic government bonds

in real terms (derived from Equation A.2), which implies

bt =
bH
b
bht +

b∗H
b
b∗ht. (A.17)

Next, combining the modified UIP condition for the home country (Equation 6) with its

foreign counterpart (Equation A.7), we obtain

σct − ψbht = σc∗t + ψb∗ht − ψqt.

Letting c∗t = 0 without loss of generality thanks to the small open economy assumption and

solving for b∗ht:

b∗ht = bht + σ
ψ − 1

ψ
ct.

Substituting for b∗ht in Equation A.17 and solving for bh,t yields

bht = bt +
b∗H
b
σ
1− ψ

ψ
ct.
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Substituting this expression into the Euler equation for domestic bonds (Equation 4), and

using the constant real interest rate condition implied by monetary policy rule it = Etπt+1,

yields an expression of the form

Etct+1 = Γct − Ωbt,

where the composite parameters Ω and Γ are defined in the proposition. This establishes

Equation 12.

Finally, expressing the government budget constraint (Equation 9) in real terms, log-

linearizing it around a zero-inflation steady state, and substituting in the monetary policy

rule yields

bt +
iB +G

B
tt = (1 + i)bt−1 +

G

B
gt. (A.18)

Combining Equation A.18 with the fiscal rule (Equation 10) we obtain a law of motion for

government debt of the form

bt = Ξbbt−1 + Ξggt,

with coefficients Ξb and Ξg defined in the proposition.

A.4.2 Corollary 1.1

Proof. We derive the Blanchard–Kahn conditions by expressing the system in first-order

linear rational expectations form.
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We begin by defining the vector of endogenous variables

xt ≡

bt
ct

 .

We shift the law of motion of government debt (Equation 13) forward one period to obtain

bt+1 = Ξbbt + Ξggt+1.

Taking expectations conditional on time t yields

Etbt+1 = Ξbbt + ΞgEtgt+1. (A.19)

Combining Equations A.19 and 12, we obtain a system of the form

Etxt+1 = Axt +DEtgt+1,

where

A ≡

 Ξb 0

−Ω Γ

 D ≡

Ξg

0

 .

Since gt is exogenous, it does not affect the determinacy properties of the system. These are

governed entirely by the eigenvalues of the matrix A.

Because A is lower triangular, its eigenvalues are given by

µ1 = Ξb, µ2 = Γ.

The variable bt is predetermined, while ct is forward-looking. The Blanchard–Kahn con-
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ditions therefore require that the number of eigenvalues outside the unit circle equals the

number of forward-looking variables.

Since there is one forward-looking variable (ct), a unique bounded equilibrium exists if and

only if exactly one eigenvalue lies outside the unit circle. This requires

|Ξb| < 1 and |Γ| > 1.

The condition |Γ| > 1 requires

∣∣∣∣1 + 1− β(1 + i)

β(1 + i)

(
ψ
B∗
H

B
+
BH

B

)∣∣∣∣ > 1.

Since the term in brackets is always positive for ψ > 0, the condition is equivalent to

1− β(1 + i)

β(1 + i)
> 0 ⇐⇒ 1 + i <

1

β
.

That is, the steady-state interest rate on domestic government bonds must be lower than the

household’s rate of time preference. This condition always holds, as shown in Equation A.15.

Therefore, Γ > 1 always holds, and as a result the stability condition |Γ| > 1 is always

satisfied by construction.

A.4.3 Proposition 2

Proof. We conjecture that the policy function for consumption takes the form

ct = χbbt−1 + χggt.

7



Taking expectations at time t yields

Etct+1 = χbbt + χgEtgt+1.

Using the law of motion for government spending, Etgt+1 = ρggt, and the law of motion of

debt from Equation 13, we obtain

Etct+1 = χb(Ξbbt−1 + Ξggt) + χgρggt.

Substituting the conjectured policy function and the law of motion of debt into the Euler

equation 12 gives

Etct+1 = −Ω(Ξbbt−1 + Ξggt) + Γ(χbbt−1 + χggt).

Equating coefficients on bt−1 and gt from both expressions for Etct+1 gives the system:

χbΞb = −ΩΞb + Γχb,

χbΞg + χgρg = −ΩΞg + Γχg.

Rearranging the first equation yields

χb(Ξb − Γ) = −ΩΞb,

which implies

χb =
ΩΞb

Γ− Ξb
.
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Substituting this expression into the second equation gives

ΩΞb
Γ− Ξb

Ξg + χgρg = −ΩΞg + Γχg.

Solving for χg yields

χg =
ΓΩΞg

(Γ− Ξb)(Γ− ρg)
.

A.4.4 Proposition 3

Proof. Following a one-time unit shock at t = 0, i.e. εg0 = 1 and εt = 0 for t > 0, according

to the law of motion for government spending the path of gt is given by

gt = ρtg.

Next, consider the law of motion for government debt (Equation 13). Iterating backward

yields

bt =
t∑

j=0

Ξ t−j
b Ξggj = Ξg

t∑
j=0

Ξ t−j
b ρjg,

which can be written in closed form as

bt = Ξg
Ξ t+1
b − ρ t+1

g

Ξb − ρg
.

Hence,

bt−1 = Ξg
Ξ t
b − ρ tg

Ξb − ρg
.

Substituting into the policy function for consumption (Equation 15), we obtain

9



ct =
ΩΞb

Γ− Ξb
· Ξg

Ξ t
b − ρ tg

Ξb − ρg
+

ΓΩΞg
(Γ− Ξb)(Γ− ρg)

ρtg.

Rearranging terms, the impulse response can be written as

ct =
ΩΞg

Γ− Ξb

[
Ξb
(
Ξ t
b − ρ tg

)
Ξb − ρg

+
Γ

Γ− ρg
ρtg

]
.

A.4.5 Corollary 3.1

Proof. Consider the sign of the consumption IRF from Proposition 3, letting

Dt ≡
Ξb
(
Ξ t
b − ρ tg

)
Ξb − ρg

.

Regardless of monotonicity assumptions, Γ > 1 so

Γ

Γ− ρg
ρtg > 0.

Under monotonic dynamics, Ξb ∈ (0, 1). Therefore, Γ− Ξb > 0 and Dt > 0 as

sign(Ξtb − ρtg) = sign(Ξb − ρg).

Therefore, noting that Ω > 0,

sign(ct) = sign(Ξg).

Under non-monotonic dynamics with Ξb < 0, the term Ξt+1
b alternates in sign, while ρt+1

g > 0.
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Hence, the sign of ct can change for different t if the oscillations in Ξt+1
b are large enough for

Dt to change sign over time.

A.5 Numerical illustration

We illustrate the impulse response functions of a calibrated version of the simple analytical

model built in Section A to build intuition on the core mechanism and analyze the sensitivity

of the responses of consumption and the real exchange rate to structural parameters.

A.5.1 Calibration

We calibrate i and β to match the average interest rate on 10-year government bonds by

G-10 currency issuers, and the convenience yield on U.S. Treasury securities. We start by

setting β to 0.994 to match the observed average annualized interest rate of 2% for G-10

currency issuers.9 Then, we set i to obtain a steady-state annualized convenience yield of

U.S. Treasury of 1 %.

The Calvo price-setting probability is set to θ = 0.75, following Galí (2015). The risk aversion

parameter σ is set to 3, the inverse Frisch elasticity of labor supply is set to φ = 1.5 and

the labor elasticity to αp = 1/3. Trade openness is captured by ϵb = 0.2, while the elasticity

of substitution between domestic and foreign goods is set to ϵh = 1.5. The elasticity of

substitution across varieties within a country is set to ϵp = 6. These parameter values are

all in line with the macroeconomic literature.

Government debt to GDP (B/Y ), government spending to GDP (G/Y ) and consumption

to GDP (C/Y ) are set to the corresponding averages for the United States from March 1999

to April 2026. Foreign holdings of government debt to GDP (B∗
H/Y ) are set to the average

9The steady-state convenience yield is a function of both χ and ψ, but χ drops out of the log-linearized
dynamic equations. Therefore, we can pick an arbitrary level of χ to make any value of ψ > 0 consistent
with the steady-state calibration of the convenience yield. Given a particular choice of ψ, the utility weight
of government bonds χ is determined at the steady state as χ = [1− β(1 + i)] Bψ

Cσ .
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of G-10 holdings of U.S. Treasuries from March 1999 to April 2026.

To calibrate the autocorrelation coefficient of the government spending process, we estimate

an AR(1) model of de-trended log U.S. government spending.

In our analysis, we explore the interactions between the parameters ψ, ϕb and ϕg, by testing

various combinations. Specifically, we examine three values for the curvature parameter

ψ ∈ {0.5, 1.0, 1.5}.

For the debt dynamics parameter ϕb, we restrict our attention to the values admitting mono-

tonic debt dynamics, corresponding to ϕb ∈ [0.044, 3.19] given other calibrated parameters.

The government expenditure response parameter, ϕg, is allowed to vary continuously within

the interval ϕg ∈ [0, 1].

Table A.1 summarizes our parameter calibration.

A.5.2 Impulse responses to a government spending shock

In this section, we examine the impulse response functions following both fully tax-funded

(ϕg = 1) and fully debt-funded (ϕg = 0) government expenditure shocks, as well as inter-

mediate values of ϕg. Additionally, we analyze the sensitivity of the impulse responses to

variations in the fiscal policy parameter ϕb, which determines the speed of debt repayment

through taxation.

Tax-funded government expenditure shock

In Figure A.1, we present the impulse response functions of real government debt, con-

sumption, the real exchange rate and the convenience yield following a 0.25% tax-funded

government expenditure shock, with ϕg = 1. The upper row shows the case of ϕb = 0.044,

while the lower row shows the case of ϕb = 3.19. These two cases represent the lower

and upper bound on the fiscal policy parameter imposed by the Blanchard-Kahn conditions.

Within each row, different lines correspond to different values of ψ, modulating the curvature

12



Table A.1: Analytical Model – Parameter Calibration and Values

Parameter Description Value

External parameters
σ Risk aversion parameter 3
φ Inverse Frisch elasticity of labor supply 1.5
ϵb Trade openness 0.2
θ Calvo probability of not changing prices 0.75
αp Output elasticity with respect to labor 1/3
ϵh Elasticity of substitution between domestic

and foreign goods
1.5

ϵp Elasticity of substitution across varieties 6

Calibrated parameters
β Discount factor 0.994
ρg Persistence of government expenditure

shocks
0.49

Calibration targets
i∗ Quarterly average real interest rate on 10-

year G-10 currency government bonds
0.0056

i∗ − i Quarterly convenience yield on U.S. Trea-
suries

0.0025

B/Y Steady-state government debt to GDP ratio 0.89
B∗
H/Y Steady-state foreign holdings of Treasuries to

domestic GDP ratio
0.15

C/Y Steady-state consumption to GDP ratio 0.67
G/Y Steady-state government expenditure to

GDP ratio
0.20

Variable parameters
ψ Convenience yield curvature parameter {0.5, 1.0, 1.5}
ϕb Fiscal rule reaction to taxation [0.044, 3.19]

ϕg Fiscal rule tax-funded spending fraction [0, 1]

of Treasury preferences.

Overall, impulse response functions are much more persistent with ϕb = 0.044, while they

revert quickly back to the steady state with ϕb = 3.19. The more strongly taxes respond to

debt through a higher ϕb, the faster debt returns to steady state, and so do consumption
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and the real exchange rate through the convenience yield mechanism.

In either case, a tax-funded shock lowers the real amount of government debt, as existing

debt is gradually repaid through the fiscal policy while no new debt is issued to finance

spending. Due to concavity of Treasury utility, the convenience yield rises as debt decreases.

As a result of lower consumption, the exchange rate appreciates through the Backus-Smith

condition (Equation 7). Therefore, tax-funded fiscal shocks cannot result in a real exchange

rate depreciation. Overall, the responses of all variables are very small because the standard

effect of monetary policy on consumption through the real interest rate is inactive in the

analytical model, and the debt dynamics governing the intratemporal substitution channel

of the convenience yield are muted due to full tax financing.
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Figure A.1: IRFs following 0.25% tax-funded government expenditure shock, ϕg = 1

Notes: Impulse response functions of domestic government bonds, domestic consumption, the convenience yield on domestic
government bonds, and the real exchange rate to a 0.25% government spending shock in the analytical model with full tax
funding (ϕg = 1). The top row displays impulse responses with ϕb = 0.044 (orange), the bottom row displays impulse
responses with ϕb = 3.19 (red). Both rows display impulse response functions for ψ = 0.5 (solid), ψ = 1.0 (dashed), and
ψ = 1.5 (dashed-dotted). All other parameters are kept fixed to the baseline calibration reported in Table A.1.

Debt-funded government expenditure shock

In Figure A.2, we present the same impulse response functions following a debt-funded

government expenditure shock, with ϕg = 0. Since the shock is entirely financed through an

increase in the real value of government debt, the convenience yield drops and households

raise their consumption due to the intratemporal complementarity between consumption and
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debt. This effect is more pronounced as the curvature of the utility from bonds, ψ, increases.

The increase in domestic consumption then leads to a depreciation of the real exchange rate

through the Backus-Smith condition. Furthermore, the increase in consumption is weaker as

the fiscal parameter governing real debt dynamics, ϕb, increases. A larger ϕb implies a more

rigid policy, where the fiscal authority curtails the increase in debt quickly through higher

taxes. As a result, consumption does not rise as much due to both the Ricardian effect of

higher taxation, and the weaker complementarity effect with debt holdings.
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Figure A.2: IRFs following 0.25% debt-funded government expenditure shock, ϕg = 0

Notes: Impulse response functions of domestic government bonds, domestic consumption, the convenience yield on domestic
government bonds, and the real exchange rate to a 0.25% government spending shock in the analytical model with full debt
funding (ϕg = 0). The top row displays impulse responses with ϕb = 0.044 (light blue), the bottom row displays impulse
responses with ϕb = 3.19 (dark blue). Both rows display impulse response functions for ψ = 0.5 (solid), ψ = 1.0 (dashed), and
ψ = 1.5 (dashed-dotted). All other parameters are kept fixed to the baseline calibration reported in Table A.1.

A.5.3 Sensitivity to variations in the fiscal policy parameter ϕg

Figure A.3 displays impulse response functions for values of ϕg around the threshold that flips

the sign of responses for consumption and hence the real exchange rate. Lower values of ϕg

imply that the government expenditure shock is largely debt-financed, generating a positive

equilibrium relationship between debt and government spending. As a result, consumption

rises and the real exchange rate depreciates following an expansionary fiscal shock. Notably,

the threshold below which consumption increases is very high, at ϕg = 0.956. Hence, even
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Figure A.3: Sensitivity of IRFs to ϕg

Notes: Impulse response functions of domestic government bonds, domestic consumption, the convenience yield on domestic
government bonds, and the real exchange rate to a 0.25% government spending shock in the analytical model. The top row
displays impulse responses with ϕb = 0.044 (gray), the bottom row displays impulse responses with ϕb = 3.19 (black). Both
rows display impulse response functions for ϕg = 0.75 (solid), ϕg = 0.95 (dashed), and ϕg = 1 (dashed-dotted). All other
parameters are kept fixed to the baseline calibration reported in Table A.1 and ψ = 1 in all plots.

minimal debt financing leads to higher consumption and a real exchange rate depreciation

in the analytical model.

B Quantitative model

In this section, we provide a more detailed exposition of the quantitative model presented

in Section 3, including the full set of equilibrium equations. The remaining elements of the

analytical model are unchanged and continue to apply within the context of the quantitative

model.

B.1 Domestic household problem

The representative U.S. household maximizes

E0

∞∑
t=0

βt
[
C 1−σ
t

1− σ
− N 1+φ

t

1 + φ

]
,
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choosing {Ct, BH,t/Pt, εtBF,t/Pt, Nt, Dt+1/Pt} subject to the flow budget constraint

PtCt + Et[Qt,t+1Dt+1] +BH,t + εtBF,t + PtΨ
(
Ct,

BH,t

Pt

)
= Dt +WtNt − Tt +BH,t−1 (1 + it−1) + εt (1 + i∗t−1)BF,t−1.

Letting

ΨBH,t/Pt = (1− α) γ

(
Ct

BH,t/Pt

)α
, ΨCt = α γ

(
BH,t/Pt
Ct

)1−α

the derivatives of the transaction cost function Ψ with respect to BH,t/Pt and Ct, the first-

order conditions of the problem are

[Dt+1/Pt] : − λt EtQt,t+1 Pt + β Etλt+1 = 0,

[εtBF,t/Pt] : − λt Pt + β Etλt+1 (1 + i∗t )
εt+1

εt
Pt = 0,

[BH,t/Pt] : − λt Pt + β Etλt+1 (1 + it)Pt − λt PtΨBH,t/Pt = 0,

[Ct] : C−σ
t − λt Pt (1 + ΨCt) = 0 =⇒ λt =

C−σ
t

Pt (1 + ΨCt)
,

[Nt] : −Nφ
t + λtWt = 0 =⇒ λt =

Nφ
t

Wt

.

Combining the first-order conditions yields the following intratemporal and intertemporal
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optimality conditions:

Wt

Pt (1 + ΨCt)
= Nφ

t C
σ
t , (B.1)

1 = β Et
λt+1

λt
Q−1
t,t+1, (B.2)

1 = β Et
λt+1

λt
(1 + i∗t )

εt+1

εt
, (B.3)

1 = β Et
λt+1

λt
(1 + it) − ΨBH,t/Pt . (B.4)

Substituting the marginal utility expression λt = C−σ
t /[Pt(1 + ΨCt)] into (B.2):

1 = β Et
(
Ct+1

Ct

)−σ
Pt
Pt+1

1 + ΨCt

1 + ΨCt+1

Q−1
t,t+1. (B.5)

Therefore, the convenience yield affects the stochastic discount factor directly through the

derivatives of the transaction cost function to current and future consumption.

Log-linearization

Log-linearizing the domestic and foreign bond Euler equations around the symmetric, zero-

inflation steady state yields

0 = β(1 + r)
{
rt − σ∆Etct+1 − Etπt+1 −Θ(1− α) (∆Etbht+1 −∆Etct+1)

}
, (B.6)

0 = β(1 + i∗)
{
i∗t +∆Etet+1 − σ∆Etct+1 − Etπt+1 −Θ(1− α) (∆Etbht+1 −∆Etct+1)

}
.

(B.7)

For the home-currency bond Euler equation with convenience yield, the steady state implies

1 + Ψ(BH/P ) = 1 + i, (B.8)
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and so the log-linearized Euler equation can be written as

[
β(1+i)−1

](
αct−α bht

)
= β(1+i)

{
it−σ∆Etct+1−Etπt+1−Θ(1−α) (∆Etbht+1−∆Etct+1)

}
.

Finally, log-linearizing the labor supply around the steady state yields

ωt = σct + φnt +Θ(1− α) (bht − ct).

B.2 Equilibrium equations

An equilibrium in the quantitative model consists of a sequence of endogenous variables

{ct, c∗t , bht, b∗ht, nt, n∗
t , πt, π

∗
t , ωt, ω

∗
t , yt, y

∗
t ,∆et, qt, it, i

∗
t , bt, b

∗
t , tt, t

∗
t , gt}∞t=0, with ω∗

t ≡ w∗
t −p∗t the

foreign real wage, and shocks {ϵt}∞t=0 such that the households’ and firms’ optimality con-

ditions and associated transversality conditions hold in the domestic and foreign economy,

that the domestic and foreign government budget constraint are satisfied, that the domestic

and foreign goods market and the domestic bond market clear, and that the stability condi-

tions of the dynamic system are satisfied, given the monetary and fiscal policy rules for the

domestic and foreign economy.

For notational convenience, define composite parameters

η ≡ ϵb
1− 2ϵb

, κ ≡ (1− βθ)(1− θ)

θ

1− αp
1− αp + ϵpαp

,

Φ ≡ 1 + γ(BH/C)1−α, Φ∗ ≡ 1 + γ∗(BH∗/C∗)1−α
∗
.

Then, the set of log-linearized equations defining an equilibrium is

0 = i∗t +∆Etet+1 − σ∆Etct+1 − Etπt+1 −Θ(1− α) (∆Etbht+1 −∆Etct+1), (B.9)
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β(1 + i)− 1

β(1 + i)
α
(
ct− bht

)
= it− σ∆Etct+1 −Etπt+1 −Θ(1−α) (∆Etbht+1 −∆Etct+1), (B.10)

ωt = σct + φnt +Θ(1− α) (bht − ct), (B.11)

β(1 + i)− 1

β(1 + i)
α∗(c∗t − b∗ht + qt

)
= it − σ∆Etc∗t+1 − Etπ∗

t+1 −∆Etet+1 (B.12)

−Θ∗(1− α∗)
(
∆Etb∗ht+1 −∆Etc∗t+1 −∆Etqt+1

)
,

0 = i∗t − σ∆Etc∗t+1 − Etπ∗
t+1 −Θ∗(1− α∗)(∆Etb∗ht+1 −∆Etc∗t+1 −∆Etqt+1), (B.13)

ω∗
t = σc∗t + φn∗

t +Θ∗(1− α∗)(b∗ht − c∗t − qt), (B.14)

qt = σ(ct − c∗t ) + Θ(1− α)(bht − ct)−Θ∗(1− α∗)(b∗ht − qt − c∗t ), (B.15)

∆et = ∆qt + πt − π∗
t , (B.16)

πt = β Etπt+1 + η
(
∆qt − β Et∆qt+1

)
+ κ

[
(wt − pt) + η qt +

αp
1− αp

yt

]
, (B.17)
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π∗
t = β Etπ∗

t+1 − η
(
∆qt − β Et∆qt+1

)
+ κ

[
(w∗

t − p∗t )− η qt +
αp

1− αp
y∗t

]
, (B.18)

yt = (1− αp)nt, (B.19)

y∗t = (1− αp)n
∗
t , (B.20)

yt = (1− ϵb)
C

Y
Φ
[
ϵHη qt + ct +Θ(1− α)(bht − ct)

]
+ ϵb

C∗

Y
Φ∗
[
ϵH(η + 1) qt + c∗t +Θ∗(1− α∗)(bh∗t − qt − c∗t )

]
+ (1− ϵb)

G

Y

[
ϵHη qt + gt

]
+ ϵb

G∗

Y

[
ϵH(η + 1) qt + g∗t

]
,

(B.21)

y∗t
Y ∗

Y
= (1− ϵb)

C∗

Y
Φ∗
[
− ϵHη qt + c∗t +Θ∗(1− α∗)(bh∗t − qt − c∗t )

]
+ ϵb

C

Y
Φ
[
− ϵH(η + 1) qt + ct +Θ(1− α)(bht − ct)

]
+ (1− ϵb)

G∗

Y

[
− ϵHη qt + g∗t

]
+ ϵb

G

Y

[
− ϵH(η + 1) qt + gt

]
,

(B.22)

it = ρiit−1 + (1− ρi)ϕππt, (B.23)

i∗t = ρ∗i i
∗
t−1 + (1− ρ∗i )ϕ

∗
ππ

∗
t , (B.24)

B

G
bt +

(
iB

G
+ 1

)
τt = (1 + i)

B

G

(
bt−1 + it−1 − πt

)
+ gt, (B.25)

tt = ϕbbt−1 + ϕggt, (B.26)
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B∗

G∗ b
∗
t +

(
i∗B∗

G∗ + 1

)
τ ∗t = (1 + i∗)

B∗

G∗

(
b∗t−1 + i∗t−1 − π∗

t

)
, (B.27)

τ ∗t = ϕ∗
b b

∗
t−1, (B.28)

gt = ρggt−1 + εt. (B.29)

B.3 Calibration

This section details the parts of the calibration strategy for the quantitative model that

differ from the calibration used for the numerical illustration of the analytical model. Refer

to Section A.5.1 for the remaining parameters.

We calibrate α, α∗, γ, γ∗, φ, and ϵb jointly by imposing α = α∗ and solving the Treasury

Euler equation for the domestic household, the combined UIP condition for the domestic

and foreign households, the domestic goods market clearing condition, the relative labor

demand in the domestic and foreign countries, and the domestic aggregate resource constraint

(Equations B.30 to B.34 below), targeting foreign output, domestic consumption, foreign

consumption, and domestic net exports, all as a fraction of domestic output.

β(1 + i) = 1 + (1− α) γ

(
C

BH

)α
, (B.30)

(1− α∗) γ∗
(
C∗

B∗
H

)α∗

= (1− α) γ

(
C

BH

)α
, (B.31)

(
Y ∗

Y

)φ+αp

1−αp

(
C∗/Y

C/Y

)σ
=

1− αγ(BH/C)
1−α

1− α∗γ∗(B∗
H/C

∗)1−α∗ , (B.32)
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1 = (1−ϵb)
C

Y

(
1+γ(BH/C)

1−α
)
+ϵb

C∗

Y

(
1+γ∗(B∗

H/C
∗)1−α

∗
)
+(1−ϵb)

G

Y
+ϵb

G∗

Y
, (B.33)

NX

Y
= 1− C

Y

(
1 + γ(BH/C)

1−α
)
− G

Y
. (B.34)

Specifically, first we set α = α∗, then solve for α and γ jointly using Equations B.30 and

B.34. Then, we solve for γ∗ given α and γ using Equation B.31. Then, we solve for φ using

Equation B.32 and for ϵb using Equation B.33.

The resulting value of α = 2.55 implies curvature in the transaction cost function as it is

larger than one, confirming our assumption of diminishing marginal liquidity benefits of Trea-

sury holdings. The scale parameter γ is an order of magnitude larger for domestic consumers

than for foreigners, consistent with a more prominent role for Treasury convenience in the

U.S. This calibration strategy also solves for two parameters that are usually set externally

in the macroeconomic literature: trade openness ϵb and the inverse Frisch elasticity of labor

supply φ. We obtain ϵb = 0.28 and φ = 1.83, well within the range commonly used in the

literature.

Table B.1 summarizes our calibration for parameters that differ from the numerical illus-

tration of the analytical model. Table B.2 lists data sources for the calibration of both the

analytical and quantitative model.

B.4 Additional results

B.4.1 Convenience yield channels

In this section, we disentangle the effects of the intratemporal substitution and stochastic

discount factor effects of the convenience yield. We shut down the stochastic discount factor
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Table B.1: Quantitative Model – Parameter Calibration and Values

Parameter Description Value

External parameters
ρi Persistence of nominal interest rate 0.9

Calibrated parameters
ϵb Trade openness 0.28
φ Inverse Frisch elasticity of labor supply 1.83
γ Domestic transaction cost scale 0.09
γ∗ Foreign transaction cost scale 0.001
α Domestic transaction cost curvature 2.55
α∗ Foreign transaction cost curvature 2.55
σg Standard deviation of government expenditure

shocks
0.07

Calibration targets
C∗/Y Steady-state foreign consumption to domestic GDP

ratio
0.28

B∗/Y Steady-state foreign government debt to domestic
GDP ratio

1.41

NX/Y Steady-state net export to GDP ratio -0.04

channel by setting α = α∗ = 1, so that the domestic Euler equation for Treasuries reduces

to

β(1 + i)− 1

β(1 + i)

(
ct − bht

)
= it − σ∆Etct+1 − Etπt+1, (B.35)

and the international risk-sharing condition reverts to

qt = σ(ct − c∗t ), (B.36)

purged from direct effects of the convenience yield. As a result, all equations involving

convenience yield terms are isomorphic to those of the analytical model, allowing us to

compare the two models on an equal footing.
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Table B.2: Calibration – Data Sources

Data Source

U.S. GDP FRED / U.S. Bureau of Economic Analysis
U.S. private consumption FRED / U.S. Bureau of Economic Analysis
U.S. government expenditure FRED / U.S. Bureau of Economic Analysis
U.S. net exports FRED / U.S. Bureau of Economic Analysis
U.S. federal government debt FRED / U.S. Department of the Treasury
Foreign holdings of U.S. Treasury
securities

U.S. Treasury International Capital (TIC) System

G-10 nominal GDP IMF World Economic Outlook (non-EA) / ECB (Euro
Area)

G-10 government expenditure IMF World Economic Outlook (non-EA) / ECB Gov-
ernment Finance Statistics (Euro Area)

G-10 general government gross
debt

IMF World Economic Outlook (non-EA) / ECB (Euro
Area)

G-10 private consumption FRED / ECB
G-10 bilateral exchange rates LSEG Datastream
G-10 10-year government bench-
mark yields

LSEG Datastream

U.S. 10-year Treasury yield FRED / Board of Governors of the Federal Reserve

Since we fix α, we slightly amend our calibration strategy by solving for ϵb, φ, γ, and γ∗ in the

system of steady-state Equations B.32, B.33, and B.34 along with the steady-state market-

clearing condition for foreign goods. The calibrated parameters are reported in Table B.3.

Figures B.1 and B.2 report impulse response functions to a government spending shock under

monetary and fiscal dominance, respectively, in the α = 1 case with only the intratemporal

substitution channel of convenience yields active. The impulse responses display similar

shapes to the baseline case under both monetary and fiscal dominance, but the size of the

responses of consumption and the real exchange rate is smaller by one to two orders of

magnitude, while the response of the convenience yield is also muted.

In the monetary dominance equilibrium, both domestic and foreign consumption rise by a

very similar amount, with the slightly higher reaction being driven by the intratemporal

substitution channel, accompanied by a drop in the convenience yield. As a result, the

25



real exchange rate depreciates slightly, as it only depends on relative consumption in this

version of the model. On the contrary, after a tax-funded shock the convenience yield does

not move, and so domestic and foreign consumption drop by the same amount, leaving the

real exchange rate unchanged. This behavior is markedly different from the baseline case,

where the convenience yield affects the real exchange rate even under tax funding through

the stochastic discount factor channel.

Under fiscal dominance, consumption still rises by a similar amount after shutting down

the stochastic discount factor channel, as its response is driven mainly by the large drop

in the real interest rate. However, the response of the real exchange rate is significantly

muted, albeit still a depreciation, confirming that the stochastic discount factor channel of

the convenience yield is quantitatively meaningful in the fiscal dominance case through its

interaction with households’ intertemporal and intratemporal consumption decisions.

Figure B.3 plots the on-impact depreciation regions in the model with only the intratemporal

substitution channel of convenience yields active. Real depreciation now obtains for almost

any combination of ϕπ and ϕb even in the monetary dominance quadrant. Since the real

exchange rate does not respond to government spending shocks with full fiscal funding, any

level of debt funding, no matter how small, leads to a depreciation through the intratemporal

substitution channel. On the other hand, the resulting real depreciation is very small. This

tradeoff highlights the ambiguous effect of the stochastic discount factor on the real exchange

rate, evident from the international risk-sharing condition.

The ubiquitous real depreciation for almost any level of debt funding observed in the full

model without the stochastic discount factor channel echoes the very high ϕ̄g in the ana-

lytical model, where the convenience yield likewise acts solely through the intratemporal

substitution channel.
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Table B.3: Convenience Yield Channels Variant – Parameter Calibration and Values

Parameter Description Value

ϵb Trade openness 0.49
φ Inverse Frisch elasticity of labor supply 0.1
γ Domestic transaction cost scale 0.05
γ∗ Foreign transaction cost scale 2.12
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Figure B.1: Convenience yield channels – IRF to a 1 SD increase in government expenditure
under monetary dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under policy
parameters ϕπ = 1.5, ϕb = 0.5, ϕ∗π = 1.5, ϕ∗b = 0.5, transaction cost curvature parameters α = α∗ = 1, and baseline
calibration for other parameters. Blue lines depict IRFs with full debt funding (ϕg = 0). Dashed red lines depict IRFs with
full tax funding (ϕg = 1).

B.4.2 Alternative monetary policy rules

In this section, we investigate the robustness of our results to alternative monetary policy

rules common in the literature: a standard inflation Taylor rule, and an inertial Taylor rule
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Figure B.2: Convenience yield channels – IRF to a 1 SD increase in government expenditure
under fiscal dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under policy
parameters ϕπ = 0.5, ϕb = −0.5, ϕ∗π = 1.5, ϕ∗b = 0.5, transaction cost curvature parameters α = α∗ = 1, and baseline
calibration for other parameters. Blue lines depict IRFs with full debt funding (ϕg = 0). Dashed red lines depict IRFs with
full tax funding (ϕg = 1).

with an output gap term. Throughout the section, we change only the domestic monetary

policy rule, maintaining an inertial Taylor rule for the foreign economy.

Standard Taylor rule

We adopt a standard inflation Taylor rule without an inertial term:

it = ϕππt. (B.37)
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Figure B.3: Convenience yield channels – On-impact depreciation regions

Notes: Threshold values of tax funding fraction ϕ̄g ∈ [0, 1] (green to blue gradient) below which the real exchange rate
depreciates on-impact in response to a one-standard-deviation government spending shock with transaction cost curvature
parameters α = α∗ = 1. The threshold values are plotted against a grid of domestic policy parameters ϕπ ∈ [0, 2] by
ϕb ∈ [−1, 1.5]. Foreign policy parameters are kept fixed at ϕ∗π = 1.5, ϕ∗b = 0.5 and all other parameters are kept fixed at their
baseline values over the whole grid. White areas denote combinations of policy parameters for which the model does not
admit a unique, stable solution.

Figures B.4 and B.5 report impulse response functions to a government spending shock under

monetary and fiscal dominance, respectively, with a standard Taylor rule and a coefficient

ϕπ = 1.5 as in the baseline case.

Under monetary dominance, the removal of the inertial term makes monetary policy more

reactive to the bout of inflation resulting from the government spending shock, so the real

interest rate rises on impact compared to the inertial Taylor rule case. Therefore, the increase
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in domestic consumption is muted, and the real exchange rate appreciates on impact under

both tax and debt funding. However, as the strong initial response of the real interest

rate subsides consumption recovers, and the real exchange rate starts depreciating after two

quarters under full debt funding and reverts to steady state monotonically thereafter.

With full tax funding, the steep drop in the real rate after the initial hike, combined with

a delayed increase in foreign consumption, also results in a depreciation after a year. This

response is attributable mainly to the standard intertemporal substitution mechanism, as

evident from the essentially unresponsive dynamics of debt and the convenience yield. How-

ever, the convenience yield channels are still quantitatively meaningful in the standard Taylor

rule case: the IRF of the exchange rate under debt funding lies everywhere above the IRF

under tax funding, resulting in an earlier and stronger depreciation.

Under fiscal dominance, the impulse responses are similar to the inertial Taylor rule case,

save for two consequences of more aggressive monetary policy on nominal variables. First,

inflation rises by more due to the wealth effect of real rates on households’ government bond

holdings, as typical in fiscal dominance models. Second, the nominal exchange rate is also

more volatile due to the stronger reaction of nominal rates to inflation.

Given the sluggish depreciation observed under the representative policy parameters, we

investigate the depreciation regions in the policy parameter space by plotting the sign of one-

quarter-ahead response of the real exchange rate to a fiscal shock. The choice of a one-quarter

horizon is conservative: as evident from Figure B.4, under the representative parametrization

we observe a depreciation only after two quarters, so plotting the response after one quarter

understates the depreciation region. Figure B.6 shows that under a standard Taylor rule the

real exchange rate depreciates after one quarter, provided that the response of the nominal

rate to inflation is not too strong, ϕπ < 1.2, and that at least 70% of the fiscal shock is

funded by debt, ensuring that the convenience yield channels are strong enough.
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Figure B.4: Standard Taylor rule – IRF to a 1 SD increase in government expenditure under
monetary dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under
domestic monetary policy rule it = ϕππt and policy parameters ϕπ = 1.5, ϕb = 0.5, ϕ∗π = 1.5, ϕ∗b = 0.5, and baseline
calibration for other parameters. Blue lines depict IRFs with full debt funding (ϕg = 0). Dashed red lines depict IRFs with
full tax funding (ϕg = 1).

Output gap Taylor rule

We extend the inertial Taylor rule of the baseline case with a term in the output gap ỹt ≡

yt−ynt , where ynt is output at the flexible price allocation, or natural output, in log deviations

from the steady state. The output gap Taylor rule is

it = ρiit−1 + (1− ρi)(ϕyỹt + ϕππt). (B.38)

We set ϕy = 0.125 following Smets and Wouters (2007), corresponding to an annualized

value of 0.5 as suggested in Taylor (1993).

31



0 5 10 15 20

Quarters

-0.2

0

0.2

0.4

0.6

%
 D

ev
ia

tio
n

Real Government Debt

?g = 0
?g = 1

0 5 10 15 20

Quarters

0

0.2

0.4

0.6

%
 D

ev
ia

tio
n

Consumption

0 5 10 15 20

Quarters

0

0.1

0.2

0.3

0.4

%
 D

ev
ia

tio
n

Foreign Consumption

0 5 10 15 20

Quarters

-0.5

0

0.5

%
 D

ev
ia

tio
n

Domestic Treasury Holdings

0 5 10 15 20

Quarters

0

0.5

1

%
 D

ev
ia

tio
n

Foreign Treasury Holdings

0 5 10 15 20

Quarters

0

0.5

1

%
 D

ev
ia

tio
n

Real Exchange Rate

0 5 10 15 20

Quarters

0

0.5

1

1.5

2

%
 D

ev
ia

tio
n

Output

0 5 10 15 20

Quarters

0

0.5

1

p
.p
.

Expected nominal
exchange rate depreciation

0 5 10 15 20

Quarters

0

0.2

0.4

0.6

b
.p
.

Convenience Yield

0 5 10 15 20

Quarters

0

0.5

1

p
.p
.

Nominal Interest Rate

0 5 10 15 20

Quarters

0

0.5

1

1.5

2

p
.p
.

In.ation

0 5 10 15 20

Quarters

-0.3

-0.2

-0.1

0

%
 D

ev
ia

tio
n

Real Interest Rate

Figure B.5: Standard Taylor rule – IRF to a 1 SD increase in government expenditure under
fiscal dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under
domestic monetary policy rule it = ϕππt and policy parameters ϕπ = 0.5, ϕb = −0.5, ϕ∗π = 1.5, ϕ∗b = 0.5, and baseline
calibration for other parameters. Blue lines depict IRFs with full debt funding (ϕg = 0). Dashed red lines depict IRFs with
full tax funding (ϕg = 1).

This monetary policy rule requires determining natural output, which can be expressed as

ynt = − 1− αp
φ+ αp

[
σcnt +Θ(1− α)(bnht − cnt ) + η qnt

]
. (B.39)

In an economy where Treasury convenience enters the household’s stochastic discount factor,

natural output depends on the natural values of real government bond holdings bnt , consump-

tion cnt and the real exchange rate qnt . In order to jointly determine these variables, we solve

for the flexible-price allocation {ynt , cnt , bnht, qnt , y∗nt , c∗nt , b∗nht , ωnt , ω∗n
t }.10

10Nominal quantities are indeterminate in the flexible-price allocation, but inflation enters the domestic
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Figure B.6: Standard Taylor rule – One-quarter-ahead depreciation regions

Notes: Threshold values of tax funding fraction ϕ̄g ∈ [0, 1] (light to dark green gradient) below which the real exchange rate
depreciates after one quarter in response to a one-standard-deviation government spending shock with monetary policy rule
it = ϕππt. The threshold values are plotted against a grid of domestic policy parameters ϕπ ∈ [0, 2] by ϕb ∈ [−1, 1.5]. Foreign
policy parameters are kept fixed at ϕ∗π = 1.5, ϕ∗b = 0.5 and all other parameters are kept fixed at their baseline values over the
whole grid. White areas denote combinations of policy parameters for which the model does not admit a unique, stable
solution.

Figures B.7 and B.8 report impulse response functions to a government spending shock under

monetary and fiscal dominance, respectively, with an output-gap Taylor rule.

The output gap coefficients make the central bank more reactive to a government spending

government’s budget constraint. Therefore, we assume πn
t = 0 without loss of generality to close the flexible-

price block of the model. As a result, the fiscal dominance equilibrium becomes unavailable in the natural
allocation, as inflation cannot adjust to satisfy the government’s budget constraint. To ensure stability, we
define ϕnb the fiscal feedback parameter of the flexible-price block and set ϕnb = 0.5, so that in the natural
allocation the government’s budget constraint is satisfied through taxation and debt dynamics are always
bounded.
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shock, which acts as a demand shock by raising both inflation and the output gap. The

responses under fiscal dominance are not materially affected by the addition of the output

gap term, much like the case of a standard Taylor rule. On the other hand, in the monetary

dominance case the real interest rate rises more than in the baseline, albeit still with a

lag due to the inertial term. The response of domestic consumption is slightly muted and

that of foreign consumption is more strongly negative compared with the baseline monetary

policy rule, both contributing to shifting the IRF of the real exchange rate downwards. The

response of the real exchange rate is negative across the whole horizon even for full debt

funding, implying that the convenience yield channels cannot reconcile the exchange rate

appreciation puzzle in the baseline policy parametrization where the central bank reacts

relatively strongly to both inflation and the output gap.

Broadening our perspective to a larger set of policy parameters however reveals a more

nuanced picture. Figure B.9 plots the on-impact real depreciation regions, varying ϕπ and

ϕb while leaving ϕy unchanged. The ϕ̄g threshold lies above zero for a substantial lower-left

region of the monetary dominance quadrant, with an overall shape similar to the baseline

case: declining in both ϕπ and ϕb. The baseline inflation coefficient ϕπ = 1.5 admits a

depreciation for ϕb < 0.2. Therefore, even with an output gap Taylor rule the convenience

yield channels can deliver a real depreciation under monetary dominance, provided that the

central bank does not respond too strongly to inflation and that the government does not

stabilize debt through taxation too quickly.

B.4.3 Fiscal dominance in the foreign economy

In this section, we study how the impulse responses and depreciation regions change when the

foreign economy operates under a fiscal dominance equilibrium with ϕ∗
π = 0.5 and ϕ∗

b = −0.5.

Figures 3 and B.11 report impulse response functions to a government spending shock un-

der domestic monetary and fiscal dominance, respectively. In both cases, the dynamics of
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Figure B.7: Output gap Taylor rule – IRF to a 1 SD increase in government expenditure
under monetary dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under
domestic monetary policy rule it = ρiit−1 + (1− ρi)(ϕy ỹt + ϕππt) and policy parameters ϕπ = 1.5, ϕb = 0.5, ϕy = 0.125,
ϕ∗π = 1.5, ϕ∗b = 0.5, and baseline calibration for other parameters. Blue lines depict IRFs with full debt funding (ϕg = 0).
Dashed red lines depict IRFs with full tax funding (ϕg = 1).

domestic variables and of the real exchange rate are virtually unchanged, and so is the re-

sponse of foreign consumption as the domestic government spending shock transmits abroad

mainly through terms of trade. The only material difference is a more muted response of the

nominal exchange rate due to lower reactivity of the foreign nominal interest rate under fis-

cal dominance. Likewise, the on-impact depreciation regions depicted in Figure B.12 match

those of the baseline case, with the exception of a slightly higher ϕ̄g in the upper-left region

of the domestic monetary dominance quadrant.
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Figure B.8: Output gap Taylor rule – IRF to a 1 SD increase in government expenditure
under fiscal dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under
domestic monetary policy rule it = ρiit−1 + (1− ρi)(ϕy ỹt + ϕππt) and policy parameters ϕπ = 0.5, ϕb = −0.5, ϕy = 0.125,
ϕ∗π = 1.5, ϕ∗b = 0.5, and baseline calibration for other parameters. Blue lines depict IRFs with full debt funding (ϕg = 0).
Dashed red lines depict IRFs with full tax funding (ϕg = 1).

C Empirical evidence

C.1 Data and variables

This section provides a detailed description of the data used in the empirical analysis. Ta-

ble C.1 lists all data series used in the empirical analysis, together with their FRED mnemon-

ics, units, and sample availability.

All flow variables are obtained from FRED and deflated using the GDP deflator (2017=100).

Fiscal variables are expressed as shares of real potential output, constructed as nominal
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Figure B.9: Output gap Taylor rule – On-impact depreciation regions

Notes: Threshold values of tax funding fraction ϕ̄g ∈ [0, 1] (green to blue gradient) below which the real exchange rate
depreciates on-impact in response to a one-standard-deviation government spending shock under domestic monetary policy
rule it = ρiit−1 + (1− ρi)(ϕy ỹt + ϕππt) with ϕy = 0.125. The threshold values are plotted against a grid of domestic policy
parameters ϕπ ∈ [0, 2] by ϕb ∈ [−1, 1.5]. Foreign policy parameters are kept fixed at ϕ∗π = 1.5, ϕ∗b = 0.5 and all other
parameters are kept fixed at their baseline values over the whole grid. White areas denote combinations of policy parameters
for which the model does not admit a unique, stable solution.

potential GDP (NGDPPOT) divided by the GDP deflator.

Government purchases gt are proxied by federal consumption expenditures and gross in-

vestment (FGCE), deflated and expressed as a share of potential output. This is the nar-

row purchases concept standard in the fiscal multiplier literature (Ramey, 2016; Ramey and

Zubairy, 2018), which isolates discretionary government activity from transfer payments and

debt service. Federal receipts tt are total federal government receipts (FGRECPT), similarly
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Figure B.10: Foreign fiscal dominance – IRF to a 1 SD increase in government expenditure
under monetary dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under policy
parameters ϕπ = 1.5, ϕb = 0.5, ϕ∗π = 0.5, ϕ∗b = −0.5 and baseline calibration for other parameters. Blue lines depict IRFs with
full debt funding (ϕg = 0). Dashed red lines depict IRFs with full tax funding (ϕg = 1).

Table C.1: Empirical analysis – Data sources

Variable FRED mnemonic Units Sample

Federal purchases FGCE SAAR $bn 1947Q1–
Federal receipts FGRECPT SAAR $bn 1947Q1–
PCE nondurables PCND SAAR $bn 1947Q1–
PCE services PCESV SAAR $bn 1947Q1–
Nominal potential GDP NGDPPOT $bn 1949Q1–
GDP deflator GDPDEF Index, 2017=100 1947Q1–
1-year Treasury rate GS1 % per annum 1953Q2–
10-year Treasury rate GS10 % per annum 1953Q2–
Aaa minus 10-year spread AAA10YM pp 1919Q1–
Baa minus 10-year spread BAA10YM pp 1919Q1–
Narrow real dollar index RTWEXAFEGS Index, 2006=100 2006Q1–
Narrow real dollar index (pre-2006) TWEXMPA Index, 1973=100 1973Q1–2014Q1
Military news shock (Ramey, 2016) N.A. % potential GDP 1939Q1–2015Q4
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Figure B.11: Foreign fiscal dominance – IRF to a 1 SD increase in government expenditure
under fiscal dominance

Notes: Impulse response functions of selected variables to a one-standard-deviation government spending shock, under policy
parameters ϕπ = 0.5, ϕb = −0.5, ϕ∗π = 0.5, ϕ∗b = −0.5 and baseline calibration for other parameters. Blue lines depict IRFs
with full debt funding (ϕg = 0). Dashed red lines depict IRFs with full tax funding (ϕg = 1).

deflated and normalized. Consumption ct is the sum of personal consumption expenditures

on nondurable goods and services (PCND and PCESV), deflated and expressed as a share

of potential output. The real interest rate rt is the one-year Treasury constant maturity rate

(GS1) minus year-on-year GDP deflator inflation, interpreted as an ex-post real-rate proxy.

The convenience yield is the Moody’s Aaa corporate bond yield minus the ten-year Treasury

constant maturity rate (AAA10YM), averaged within each quarter. This spread narrows

when the supply of Treasuries increases, reducing their convenience yield relative to other

high-quality fixed income assets, and is the direct empirical counterpart to the convenience

yield in the model. The real effective dollar index is constructed by splicing the narrow
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Figure B.12: Foreign fiscal dominance – On-impact depreciation regions

Notes: Threshold values of tax funding fraction ϕ̄g ∈ [0, 1] (green to blue gradient) below which the real exchange rate
depreciates on-impact in response to a one-standard-deviation government spending shock. The threshold values are plotted
against a grid of domestic policy parameters ϕπ ∈ [0, 2] by ϕb ∈ [−1, 1.5]. Foreign policy parameters are kept fixed at
ϕ∗π = 0.5, ϕ∗b = −0.5 and all other parameters are kept fixed at their baseline values over the whole grid. White areas denote
combinations of policy parameters for which the model does not admit a unique, stable solution.

real effective exchange rate index (RTWEXAFEGS, post-2006) with an alternative index

(TWEXMPA, pre-2006), scaling the latter to match at the overlap date and taking logs.

Positive values correspond to real depreciations.11 Two additional controls enter the specifi-

cation: the Baa minus ten-year Treasury spread (BAA10YM) as a risk premium proxy, and

the ten-year minus one-year Treasury spread (GS10 − GS1) as a term spread. Government
11Results are nearly identical when using the broad real effective exchange rate index (RTWEXBGS spliced

with TWEXBPA) in place of the narrow index.
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purchases have trended downward as a share of potential output since the early 1980s, while

the purchases-based primary fiscal gap has fluctuated between approximately −14 and −4

percentage points. The real interest rate displays the Volcker-era peak in the early 1980s

and the prolonged decline thereafter. The real dollar index shows the large Reagan-era ap-

preciation and subsequent depreciation, as well as the post-2001 depreciation cycle. The

convenience yield exhibits persistent low-frequency variation broadly negatively correlated

with the real dollar index, consistent with Figure 1 of the model section.

Figure C.1 plots these series over the estimation sample.

Figure C.1: Quarterly inputs used in the local-projection analysis
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This figure plots the raw quarterly series used as inputs in the local-projection analysis. Government purchases, the
purchases-based primary fiscal gap, and consumption are expressed as percentages of potential real GDP. The real-rate proxy
is the one-year Treasury rate minus year-on-year GDP deflator inflation, in percentage points. The real effective U.S. dollar
index is shown in log units multiplied by −100, so that increases correspond to real depreciations. The convenience yield is
the Moody’s Aaa corporate bond yield minus the ten-year Treasury constant maturity rate, in percentage points. The sample
is restricted to periods for which the military news instrument is available.
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C.2 Fiscal state variable details

The time series of D̃t, plotted in the right panel of Figure C.2, maps cleanly onto well-

documented episodes of U.S. fiscal history. Four episodes dominate the sample. First, the

Reagan expansion of the early 1980s produces the sharpest widening: the combination of

the 1981 Economic Recovery Tax Act and a large military buildup generated the largest

peacetime deficit expansion in U.S. history. Second, the Clinton consolidation of the 1990s

generates the steepest narrowing: the 1993 deficit reduction act, combined with the peace

dividend following the end of the Cold War and a prolonged expansion that inflated the tax

base, drove the federal government to a unified surplus by the late 1990s. Third, the Bush-

era expansion of the 2000s, comprising two rounds of tax cuts and two military engagements,

produced a second sustained widening. Fourth, the post-financial-crisis stimulus of 2008–

2009 generates the trough of the series, followed by a gradual narrowing as the sequester

and the expiry of stimulus measures reduced the deficit. These turning points align with

narrative accounts of shifts in the political economy of fiscal financing rather than with

cyclical fluctuations (Romer and Romer, 2010): the Clinton surplus was achieved during

the longest peacetime expansion in U.S. history, while the Reagan deficit widened during

a recovery, underscoring that xct captures structural fiscal regime shifts orthogonal to the

cycle.

Figure C.2 plots the military news instrument alongside the HP-filtered fiscal gap D̃t. The

left panel shows the news shock series: episodes range from Carter’s response to the Soviet

invasion of Afghanistan to the post-2001 military buildups, with the fall of the Berlin Wall

generating a large negative shock. The right panel shows the smooth trend fiscal gap from

which xct is constructed, with its four narrative episodes clearly visible. The two panels

confirm that the instrument and the state variable capture distinct sources of variation: the

news shock identifies the size of the spending impulse, while the fiscal state captures the

financing environment in which that impulse occurs.
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Figure C.2: Military spending news instrument and fiscal state
Notes: Left panel: military spending news shocks from Ramey (2016), expressed as a share of potential output, with selected
historical episodes annotated. Right panel: HP-filtered purchases-based primary fiscal gap D̃t = gt − tt, expressed as a share
of potential output (λ = 1600). The series is negative throughout because gt captures federal purchases only, while tt
measures total federal receipts; the trend evolution rather than the level is economically informative. The sample is restricted
to periods for which the military news series is available.

This interpretation connects xct directly to ϕg in the model. High values of the state corre-

spond to environments in which households and financial markets would rationally expect a

larger share of new spending to be debt-financed — the equivalent of a low ϕg — while low

values correspond to environments where tax-backing is more credible, mapping to a high

ϕg.

C.3 Additional results

C.3.1 Dynamic impulse responses: baseline

Figure C.3 reports the full dynamic impulse responses from Equation (24) up to H = 20

quarters, comparing the low-state (p10) and high-state (p90) fiscal environments. The sign

patterns documented in Figure 5 of the main text persist over the full horizon, confirming
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that the on-impact results are not transitory.
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Figure C.3: Dynamic impulse responses to military news shocks by fiscal state
Notes: Cumulative impulse responses from Equation (24), evaluated at the 10th percentile (red, tax-backed environments)
and 90th percentile (blue, debt-financed environments) of xct , over horizons h = 0, . . . , 20 quarters. The outcome variables are,
from left to right and top to bottom: government purchases, fiscal deficit, consumption, real interest rate, real dollar index
(positive values denote depreciation), and convenience yield. Shaded areas are 68% HAC confidence bands based on Newey
and West (1987) standard errors with bandwidth h+ 1.

C.3.2 Robustness: LP-IV specification

As a robustness check, we re-estimate the empirical model replacing the reduced-form speci-

fication of Equation (24) with an IV local projection that uses zt and zt ·xct to instrument the

endogenous regressors ∆gt and ∆gt · xct . Figures C.4 and C.5 report the on-impact marginal

effects and the full dynamic responses under this alternative identification. The results are

qualitatively identical to the baseline: the joint sign pattern of the real exchange rate and

the convenience yield is preserved across all fiscal states and horizons, confirming that the

main findings are not an artifact of the reduced-form approach.
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Figure C.4: On-impact responses: LP-IV specification
Notes: On-impact marginal effects (h = 0) from the LP-IV specification, in which ∆gt and ∆gt · xct are instrumented by zt
and zt · xct . Layout and confidence intervals as in Figure 5.
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Figure C.5: Dynamic impulse responses: LP-IV specification
Notes: Cumulative impulse responses from the LP-IV specification over horizons h = 0, . . . , 20 quarters. Layout and
confidence bands as in Figure C.3.
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