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1 Introduction

In this paper, we study fiscal multipliers in the context of a small open economy
model with nominal rigidities, incomplete financial markets, and heterogeneous
households, i.e., a SOE-HANK model. Previous literature has established that, in a
closed-economy setting, fiscal multipliers are in general substantially higher when
financial markets are incomplete and a fraction of households have limited access
to credit markets, as compared to the case of a standard complete-markets model
with a representative agent (RANK); see, e.g., Gali et al. (2007), Hagedorn et al. (2019),
Bilbiie (2020), or Auclert et al. (2024c). In a nutshell, the presence of a considerable
fraction of households with (realistically) high marginal propensities to consume
(MPCs) generates a “Keynesian multiplier effect” on aggregate demand. In an open
economy, there are two reasons why this logic may not hold up, or at least have a
smaller quantitative impact: First, the Keynesian multiplier exerts a weaker effect on
aggregate domestic demand, since a portion of the additional income will be spent on
imported goods. Second, to the extent that aggregate domestic demand increases, this
will tend to appreciate the real exchange rate, thereby reducing net exports. On the
other hand, any appreciation raises the real purchasing power of domestic households
and thus works in the opposite direction (the “real income channel” discussed by
Auclert et al., 2024a). Against this backdrop, our aim is to compare fiscal multipliers
in the SOE-HANK model to those obtained in a corresponding RANK model.

We start by decomposing the output response into six distinct channels in stylized
versions of the models. The first four of these channels are also present in a closed-
economy setting, while the last two only operate in an open economy. The output
response to a change in government spending is composed of (i) the direct effect of
the spending increase, (ii) the effect from higher tax burdens on private spending,
(iii) intertemporal substitution effects via interest rate changes, (iv) a Keynesian
multiplier effect, (v) expenditure switching effects from changes in the real exchange
rate, and (vi) real income effects from changes in the real exchange rate. The relative
magnitudes of these are not unambiguous. The drag from taxes tends to be larger
in HANK, the drag from intertemporal substitution larger in RANK; Keynesian
multiplier and real income effects tend to boost the multiplier in HANK compared to
RANK, while the relative effect of expenditure switching is unclear a priori.

Guided by the decomposition, we then show that, under some restrictions on param-
eters, the multipliers in the two frameworks are equivalent. First, we show that, in
the limiting case of complete openness, the fiscal multiplier in HANK and RANK is



identical. Complete openness implies that the home consumption basket contains
only foreign goods. As a result, household income does not affect spending on domes-
tically produced goods, so the Keynesian multiplier is shut down, and the financing
and intertemporal substitution channels have no effect on domestic output. If the real
interest rate and thus the real exchange rate stay constant, output rises by exactly the
size of the fiscal stimulus. If the real interest rises to stabilize output, then the real
exchange rate appreciates and expenditure switching exactly crowds out the fiscal

stimulus (reminiscent of the standard Mundell-Fleming result).

Second, a comparable but slightly less general equivalence result obtains when
we consider the degree of substitutability between foreign and domestic goods.
In the limiting case of infinite substitutability, we can show that fiscal multipliers
coincide in HANK and RANK, and equal zero provided monetary policy is active.
Fiscal spending is fully crowded out in this case via taxes in the HANK model and
expenditure switching in both models, as the real rate rises and the real exchange rate

appreciates.

Third, if the elasticity is unity and the fiscal stimulus is financed with a balanced-
budget increase in taxes, we can show that the multipliers in both models are identical
at all horizons and non-negative. In this case, income and substitution effects from
real exchange rate changes offset each other so net exports are unchanged, and the
economy behaves almost as a closed economy. We then show numerically that for
any value of the trade elasticity, there is a degree of tax financing that equalizes
the multipliers across models (or vice versa). The multiplier in HANK is larger
compared to RANK when the fiscal stimulus is initially mostly debt-financed rather
than tax-financed, and when the trade elasticity is small. A lower trade elasticity
makes expenditure switching weaker which raises multipliers in both models. It does

so more in HANK than RANK because of the additional Keynesian multiplier effect.

Overall, our results highlight that, in an open economy, the effectiveness of fiscal
spending depends not just on MPCs, but importantly on openness, trade elasticities,
and their interaction with how the stimulus is financed. It is not clear, in particular,
that an open economy HANK framework features higher multipliers than the cor-
responding RANK model: If enough of the stimulus is initially tax-financed, or if
preferences are such that a substantial part of the stimulus is spent abroad, then these
effects can dominate higher marginal propensities to consume and lead to smaller
multipliers in HANK compared to RANK.

The analytical results in our stylized setting are important to build intuition, but
arguably less relevant for practical policy debates. We therefore proceed to compare
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tiscal multipliers in quantitative versions of the models. The stylized HANK model
is parameterized to replicate empirically observed MPCs, since this is central to
our question of fiscal multipliers. In the quantitative model, we also incorporate
a standard monetary policy reaction function, and a number of standard features
that allow us to match additional relevant moments (debt levels, wealth levels and
markups, time-varying trade elasticities). In these quantitative models, we show that
multipliers across HANK and RANK are similar. The impact multiplier is 1.15 in the
HANK model and 0.95 in the RANK model. This difference is much smaller than
what is typically found in the closed-economy literature, see, e.g., Auclert et al. (2024c).
Furthermore, present-value multipliers are relatively small in our setting since output

displays comparatively little persistence in both models.

Even though multipliers are of a similar magnitude, the underlying dynamics is
quite different across the two models. In the HANK model, a fiscal expansion is
accompanied by a consumption boom which is partly offset by a drop in net exports.
The overall result is a multiplier that is comparable to the RANK model, where

consumption falls and net exports rise.

We show in a number of sensitivity exercises that this conclusion does not substantially
change with the responsiveness of monetary policy or realistic variations in the level
of the trade elasticity. The reason is that neither breaks the negative comovement
between consumption and net exports in HANK relative to RANK. Quantitatively, a
similar argument applies when altering the degree of debt financing, which therefore
turns out to be less important in the open economy than in a closed-economy setting.
Openness and the nature of nominal rigidities are somewhat more important in
driving the gap in fiscal multipliers between HANK and RANK models. More
open economies are characterized by a larger leakage of demand; whereas a model
with sticky prices and flexible wages weakens the negative comovement between
consumption and net exports observed in most other cases. Finally, the similarity of
HANK and RANK multipliers is robust to a range of additional modifications of our
baseline model environment, including the introduction of capital, a fixed nominal

exchange rate, and alternative paths of the real exchange rate.

1.1 Related Literature

Our paper contributes to a large literature on fiscal multipliers, see Ramey (2019)
for a recent survey. In a closed economy, Keynesian theories predict large output

effects from increased government spending due to Keynesian multiplier effects.
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Neoclassical models on the other hand emphasize downward pressure on private
consumption due to negative wealth effects from higher (future) taxation, and thus
tend to predict small multipliers, as for example in Baxter and King (1993). New
Keynesian models with a representative agent can generate sizeable fiscal multipliers,
with the magnitude depending on the source and extent of nominal rigidities, as
well as the response of monetary policy, see for example Woodford (2011). In open
economies, Erceg and Linde (2012), Corsetti et al. (2013), and Nakamura and Steins-
son (2014) show that fiscal multipliers are generally low in flexible exchange-rate
economies, which is consistent with the traditional Mundell-Fleming view that fiscal
policy is more effective in fixed exchange-rate regimes.

More recently, studies of fiscal spending have turned to the empirically realistic case
of heterogeneous agents. In a closed-economy setting, fiscal multipliers are found
to be substantially higher under incomplete financial markets, as compared to the
case of a standard complete-markets model with a representative agent; see, e.g., Gali
et al. (2007), Bilbiie (2020), Hagedorn et al. (2019) or Auclert et al. (2024c).!

A number of recent papers have extended the heterogeneous-agent framework to an
international setting, including De Ferra et al. (2020), Bellifemine et al. (2023), Guo
et al. (2023), Oskolkov (2023), Auclert et al. (2024a), Bayer et al. (2024), and Hochmuth
et al. (2024). In our own previous work, we contribute to—and offer a short survey
of—this emerging strand of the literature; see Druedahl et al. (2024). To the best of
our knowledge, fiscal multipliers have not previously been systematically studied in

this framework.

Our contribution in this paper is to quantify the relationship between fiscal multipliers
in open-economy HANK versus open-economy RANK models. In closed economies,
the literature has shown that allowing for heterogeneous agents magnifies estimates of
tiscal multipliers; we ask whether this remains true when instead looking at an open
economy. Our results indicate that multipliers tend to be similar in open economies
across HANK and RANK frameworks, and can indeed be identical, but that the
implied dynamics is quite different. In particular, in the HANK model multipliers
work via a consumption boom and a trade deficit, whereas it is the reverse in the
RANK setting.

1. In this respect, the study by Broer et al. (2023) represents a notable exception, as they present
several cases in which the HANK and RANK multipliers coincide. Their model differs from most of
the HANK literature, since only “capitalists”—who receive profits, but no labor income—display a
high MPC, thus effectively shutting down the intertemporal Keynesian labor-income multiplier.
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These results are consistent with Farhi and Werning (2016) who study, among other
things, fiscal policy in open economies with hand-to-mouth agents. They show that
trade deficits emerge and that therefore fiscal stabilization is more effective when
regions are less open to trade. Aggarwal et al. (2023) study fiscal transfers in a
multicountry HANK setting and show likewise that these lead to persistent trade
deficits.

Our results also speak to the empirical debate on the effects of fiscal policy on open-
economy variables such as the real exchange rate and the trade balance. Existing
empirical studies have found evidence of an increase in private consumption along
with a worsening of the trade balance in response to a fiscal expansion, in line with
the implications of our HANK model, see, e.g., Corsetti and Miiller (2006), Monacelli
and Perotti (2010), and Ravn et al. (2012). Lambertini and Proebsting (2023) find that
tiscal policy primarily affects imports rather than exports both in terms of prices and
quantities, and that real exchange rate responses are driven by relative changes in
the price of nontraded goods instead (a fiscal expansion raises the relative price of

services, not exports). This is consistent with our theoretical results.

1.2 Structure

We start by presenting a stylized model in Section 2. We use this model to derive and
discuss analytical results about fiscal multipliers in Section 3. In Section 4, we provide

numerical results on fiscal multipliers in a larger model. Section 5 concludes.

2 A Stylized Model of Fiscal Multipliers

In this section, we study fiscal policy in a small open economy (SOE) with a general
household problem. The core of the model is similar to the one considered by Auclert
et al. (2024a)—which in turn is an incomplete-markets version of the canonical SOE
model of Gali and Monacelli (2021)—extended with fiscal policy. We keep the model
simple in order to highlight some special cases where the fiscal multipliers obtained
in the HANK and RANK models coincide. Studying these cases helps us understand
the channels at work in each of the two models.



2.1 Model Description

Time is discrete and indexed by t = 0,1,2, ... with an infinite horizon. We consider
the perfect-foresight impulse response to a government spending shock from a steady
state at date 0, where no shock is anticipated. We analyze the model in sequence

space and linearize it to obtain the impulse response to the first-order.

21.1 Foreign economy

The foreign economy produces a single good sold at a fixed price in foreign currency
normalized to one, P* = 1. The foreign consumer demands domestically produced

goods according to
Ciip = o (Piy) e, (1)

where aCg; is the steady-state level of foreign consumption of domestic goods, P ; is
the price of domestically produced goods in foreign currency, and 7 is the elasticity
of substitution between domestic and foreign goods. The nominal exchange rate
is denoted E; and is defined as the price of foreign currency in terms of domestic

currency. The law of one price then implies

Ph ¢
Pf = —=, 2
H,t Et ( )
where Py ; is the price of the domestically produced good in domestic currency. The
real interest rate in the foreign economy is ;. Following Schmitt-Grohé and Uribe
(2003), we allow the interest rate faced by domestic agents to be decreasing in the
net foreign asset position (NFA;) of the home country (or, equivalently, increasing in

foreign borrowing):

)

NFA;y — NFA
rf =71+ ENFA (exp (— tY SS) —1),
SSs

where enpsq > 0 scales the risk premium. In the RANK model, we set a small enypq > 0
to ensure stationarity of the model. The HANK model is always stationary and we

therefore set enpa = 0.



2.1.2 Households

We consider two household structures. The first case is a heterogeneous-agents (HA)
model featuring a continuum of households. A household with assets a;_; and

idiosyncratic earnings e; chooses consumption ¢; and end-of-period assets a; to solve

Vi(a-1,er) = maxlogc; + BE; [Vita(ae, er1)],

s.t.
ct+ar = (1+rf)a_1 + Zsey,
at Z 0/

Inet = pelne; 1 +¢€;, € ~N (ye, 0'«32) ,

where r{ denotes real asset returns, Z; = (1 — 7)w;N; is real labor income, w; is the
real wage rate, N; is labor supply, and 7; is the (distortionary) tax rate. Idiosyncratic

income, ¢, follows a mean one AR(1) process in logs with i.i.d. normal innovations.

The household has access to three types of assets: domestic government bonds, B;
(which pay the real interest rate r;), foreign bonds, B; (which pay the real rate r}), and
domestic equity (which pays real after-tax dividends Dy). Defining the real exchange
rate as Q; = Et%, perfect international capital mobility gives rise to the following
two no-arbitrage conditions:

D;iq + pP
14p = L P 4)
P
L+ = (1477) le, ©)
t

where r; = Er{ 1 is the ex-ante real return and p? is the price of firm equity.2 (4)
equates the real return on domestic stocks and bonds, while (5) is a real UIP condition,

stating that the expected real return on foreign and domestic assets must be equalized.

As an alternative to the HA structure, we also consider a standard representative-
agent (RA) model, where the household acts according to a standard Euler equation

2. Along the perfect foresight transition path, the ex-post and ex-ante returns are equalized; r{ = r;_;

D
fort =1,2,.... The ex-post return in period zero is given by r( = P °;DD0 , since we assume that both

foreign and domestic bond holdings are zero in steady state, i.e., Bss = Bj; = 0. Note, however, that
dividends and firm equity are non-zero in steady state, i.e., that we are not restricting our attention to
the zero-liquidity case.



forallt =0,1,...:
Ct_1 = B(1+ 7’?+1)Ct_+11' (6)

with Coo = Css due to stationarity. This version of the model is similar to the one
considered by Gali and Monacelli (2021), with the exception that we do not allow for
international risk sharing, whereas their setup features perfect risk sharing across

countries.

For a given level of domestic consumption, C;, domestic households split consump-

tion between home and foreign goods with home bias (1 — «) € (0,1) as follows:

P\ AN
Cy=(1-a) (L) G, and Cri=a(2t) ¢, (7)
! P ! P
where Cp ; and Cr; denote domestic consumption of domestic and foreign goods,
respectively, and Pr; is the price of foreign goods in domestic currency. 7 is the
elasticity of substitution between domestic and foreign goods, and P; is the consumer

price index (CPI),

1
P =[(1-w)Py," +app," | &)

From the law of one price, we have Pr; = E;P*.

2.1.3 Firms

Production is linear in labor, Y; = N;. The price of home goods in domestic currency

is set as a markup over the nominal wage, Py ; = uW;, where W; = w;P;.
Real dividends net of taxes are:

Pr Yy — WiN;
P '

Di=(1-m1) )

The source of nominal rigidities in our model is sticky wages, implying a standard

new-Keynesian wage Phillips curve (NKWPC), following Auclert et al. (2024a):

_ pNf
TTw,t = K <(1 —wwilll /4 L)+ Brtw e, (10)

where 7y = W;/W;_; — 1is nominal wage growth and U{, denotes productivity-



weighted aggregate marginal utility of consumption. In HANK this is given by
u;, = [ erct (a1, et)_1 dD; (a;_1,e;) where D; is the distribution of households over
states. In RANK it is simply U/, = C,; 1. This is consistent with a micro-foundation
where a union sets nominal wages to maximize average household welfare, given the
same labor supply N for all households.*

2.1.4 Government

The government has a standard budget constraint:

P
Br= (1+7:-1)Bi1+ ;It’t Gt — Ty, (11)

where real tax receipts are given by:

Py Y — WiN, P
T, =1 (tht+ Hitlt 3 t) H,t

= Y;.
Py “p
Throughout the paper, we assume that government consumption, G¢, displays a home
bias of 1.* Furthermore, G; is assumed to be exogenous, following an AR(1) process

with persistence pg. The tax rate, 7;, adjusts to ensure that tax receipts satisfy
Tt - Tss - (PB(Bt—l - Bss) + CPG(Gt - Gss)/ (12)

with ¢p > 0and ¢¢ € [0,1]. With ¢p large enough, government debt always returns
to its steady-state level. For analytical simplicity, we restrict our attention to a steady
state in which the levels of government debt, government spending, and taxes are
zero, i.e., Bss = Ggs = Tss = 0. We relax these assumptions when we turn to numerical
analysis in Section 4.

We assume that monetary policy is governed by the following real interest-rate rule:

Y,
=1+ ¢y (Y—t—1), (13)
SS

3. In the HANK literature, this is a common way to ensure that all households supply the same
amount of labor (see, e.g., Hagedorn et al., 2019 or Auclert et al., 2020). An alternative way to obtain
this is to employ GHH preferences (Greenwood et al., 1988). see e.g., Kaplan et al., 2021).

4. Empirical evidence suggests that the import content of government spending is indeed very
low. Cardi and Restout (2023) report an average import share of 2 percent across a range of OECD
countries.
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with ¢y > 0. The absence of a monetary policy response to inflation simplifies the
analytical solution of the model, as it implies that the Phillips curve (10) does not
enter in the determination of real variables (though it matters for nominal variables).
However, given that the responses of output and inflation to a government spending
shock usually have the same sign in our model, this choice is not crucial from a

qualitative viewpoint. We consider a more general interest-rate rule in Section 4.

2.1.5 Goods Market Clearing

Lastly, goods market clearing for tradable goods is:
Yi = Ch,t + Cpyt + Gt (14)

. P P :
Defining net exports as NX; = —5*Cj;, — 5+ Cp, the above expression can also be
P P P P
expressed as 54 Y; = Ct + 54 Gy t, where C; = Z4Cp s + —54Cip.
P das 5*Y: = C; + 54 Gt + NX;, where C; = 5*Cp s + 54 Ch,

The net foreign asset position is given by total assets minus domestic assets:
NFA; = Bf = A; — pP — By, (15)

where A; = f at (a;—1,et) dDy (a1, er) denotes total household assets. The implied
relationship between the net foreign asset position and net exports is given by NFA; =
NX; + (1 + rt—l) NFA;_;.

2.2 Equilibrium and Solution

We define the overall equilibrium of the model as:

Definition 1 (Equilibrium). Given a sequence for Gy, an initial household distribution over
assets and earnings Dy(a, e), and an initial portfolio allocation between foreign and domestic
assets, a competitive equilibrium in the domestic economy is a path of household policies
{ct (a;_1,et),a¢ (a;_1, )}, distributions Di(a;_1,e;), prices:

* D * a4
{Ef/ Qt/ Pi’/ PH,tl PF,t/ PH,tl Wt/ 7TW,t/ Wt, Pt T, 7,14 } ’
and quantities:

{Ct, CH,f/ CF,tI C[*{/tl Yt/ Ntl Dt/ T, Zi‘/ Tl’/ Btl B;k/ At/ NFAi’} s
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such that all households and firms optimize, monetary and fiscal policy follow their rules, and
the goods market (14) clears.

We focus on equilibria where Qo = Qss as in Auclert et al. (2024a).”

In the numerical solution of the model we solve the households’ problem using the
endogenous grid method of Carroll (2006). We then rely on the “fake news algorithm”
of Auclert et al. (2021) to compute the Jacobian of the household problem around
the deterministic steady state. Finally, we solve for the linearized transition paths in
response to aggregate shocks using the sequence-space Jacobian method of Auclert

etal. (2021).°

3 The Fiscal Multiplier in HANK and RANK

Building on the model established above, we now characterize the fiscal multiplier
under each of the two household structures: The HANK and the RANK model. To
do this, we use the sequence-space representation of the model following Auclert
et al. (2021). In this framework, the key objects are the infinite-dimensional vectors of
first-order perturbations of variables from steady state, dX = (dXy,dXy,...)’, where

dX; ~ X; — X, is the deviation from steady state for any variable X.

In order to provide illustrations, we use a calibration similar to the one discussed in
the next section with a few changes. First, while we target the same MPC throughout
the paper, the implied discount factor in our stylized model is § = 0.984, whereas the
model in the next section features discount factor heterogeneity. The corresponding
markup is ¢ = 1.01. Additionally, we set the monetary policy response to output gap
deviations to ¢y = 0.05, while the tax response parameters to debt and spending are
¢p = 0.05 and ¢ = 0.1, respectively. Finally, the trade elasticity is set to 7 = 2, and

the openness parameter is & = 0.42.

5. In our initial steady state, we normalize Cj; = Qss = 1 such that all relative prices are 1. We set
parameters such that 71y s = 0 and Y3 = Cgs = 1. This also implies NXgs = NFAgs = 0. Uniqueness
of the steady state and stationarity of the model can be proved using the same arguments as in
Appendix A of Auclert et al. (2024a) when Be = Bgs. Their RANK model is non-stationary as they
have expa = 0. With eypq > 0 stationarity follows directly from the Euler equation in (6).

6. The code is written in Python and based on the GEModelTools package.

12



3.1 The Output Response to a Fiscal Policy Shock

Consider the equilibrium following a fiscal policy shock, i.e. a path of government

consumption, (G;);2,, and taxes, (T¢)52,.

Proposition 1. An equilibrium of the model with household structure j € {RA,HA}
following a fiscal policy shock satisfies

dy/ = dG — (1—a)M/dT + (1—a)Ridr
1. Gov. consumption 2. %L;XES 3. Inte;;st rate

. . — . . .
+ (1—a)MdYy’ + andQ’  —  aM/dQ’,
—_— 1—w ——
4. Multiplier — 6. Real income
5. Exp. switching
where M is the matrix of intertemporal marginal propensities to consume, and R/ is the

matrix of intertemporal effects on consumption of real interest rate changes.
Proof. See Appendix A.1.

Proposition 1 decomposes the response of output across different models into six
channels. Conceptually, the first four of these channels are also operative in a closed
economy, while the last two only appear in an open economy. We now consider each
of the channels separately, and discuss how they differ across models. Specifically,

we consider an increase in government consumption.

1. Government consumption. Higher government consumption increases
output directly via goods market equilibrium. This channel is independent
of household behavior, and thus equivalent in the two models.

2. Taxes. Higher taxes reduce private spending. The strength of this channel
depends on the MPC, which is governed by household behavior. In the
RANK model the MPC is low, so this channel is weak. In the HANK model
the MPC is higher, so the channel is potentially strong.

Note that, in an open economy, this channel as well as the next two are
scaled by the factor (1 — «), reflecting the fact that only a fraction (1 — «) of
income is spent at home, with the rest flowing abroad.

3. Interest rate. The real interest rate is likely to change in response to fiscal
policy. If the real interest rate increases—which will typically be the case

given the interest rate rule we have assumed—households increase savings
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and reduce current consumption (intertemporal substitution). This channel
is likely to be stronger in the RANK model than in the HANK model (see
Kaplan et al., 2021 or Druedahl et al., 2024).

4. Multiplier. Higher output means more labor income, which in turn implies
higher consumption, and thus higher output. This is the intertemporal
Keynesian multiplier (Auclert et al., 2024c).

5. Expenditure switching. Given a positive response of the domestic real
interest rate, the real exchange rate appreciates through the UIP (i.e., dQ; <
0).” This makes domestic goods more expensive, inducing both domestic
and foreign consumers to substitute away from them, reducing output.
This channel depends on the magnitude of the appreciation, which can
differ across models depending on household behavior, as well as the trade
elasticity, 7.

6. Real income. As the real exchange rate appreciates, this stimulates the
real purchasing power of domestic households, who then consume more,
boosting output. How much spending is increased depends on the MPC, so
this channel is stronger in the HANK model than in the RANK model. This
is exactly the same real income channel as discussed by Auclert et al. (2024a).

In Table 1, we summarize the signs of the channels in the two models. This table
is helpful in order to determine which of the two models displays the largest fiscal
multiplier, and how this may be affected when going from a closed to an open

economy.

First, the combination of channels 2, 3, and 4 tend to imply a larger fiscal multiplier
in closed economy HANK compared to closed economy RANK models: To the extent
that after-tax labor income increases in response to a government spending shock
(i.e., that the multiplier channel dominates the tax channel), the closed-economy
tiscal multiplier in HANK exceeds the one in RANK—and more so, the more the real
interest rate is increased in response to the shock, since this exerts a larger drag on

economic activity in the RANK model.

In an open economy, all of these effects are scaled down by a factor (1 — «), since a

fraction « of the additional income is spent on imported goods. All else equal, this

i
1+rp ik

7. Solving the UIP condition (5) forward yields Q; = ] , with terminal condition Qe = 1.
k=0
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RANK HANK
1. Government consumption + = s
2. Taxes ~0 > —
3. Interest rate — < —
4. Multiplier ~0 < +
5. Expenditure switching — < —
6. Real income ~0 < +

Table 1: Signs of channels in the fiscal multiplier for the RANK and HANK models
Note: The table shows the signs of the contributions of each of the channels from Proposition 1 in the RANK and HANK
models. The signs do not indicate whether the channel itself is stronger or weaker, but whether it contributes to a larger or a

smaller fiscal multiplier. For example, the interest rate channel is stronger in the RANK model, but since it exerts a negative
impact (in both models), it contributes to a larger fiscal multiplier in the HANK model.

therefore tends to reduce the gap between the HANK and RANK multipliers, as
compared to a closed economy. In other words, demand leakage abroad reduces the
potency of fiscal spending in HANK models.

In addition, the open-economy multiplier is affected by channels 5 and 6, the expendi-
ture switching and real income channels. The former effect—which unambiguously
reduces the multiplier relative to the closed-economy case—may be stronger or
weaker in the HANK or the RANK model, as its magnitude depends on the size of the
domestic boom: A larger boom induces a stronger monetary policy tightening and
hence a larger exchange-rate appreciation, which makes households substitute away
from domestic goods on a larger scale. In contrast, the real income channel—which
raises the fiscal multiplier—is stronger in the HANK than in the RANK model, as it is
scaled by the MPC.

In summary;, it is difficult to make general statements about the relative size of the
open-economy fiscal multiplier in the HANK and the RANK model. The channels
that also exist in a closed economy setting—and there make the fiscal multiplier large
in HANK compared to RANK—are weakened in an open economy setting, tending
to reduce the gap between fiscal multipliers in HANK compared to RANK. But open
economy channels could potentially magnify the gap between HANK and RANK
since at least the real income channel is unambiguously larger with heterogeneity
than without.

We now proceed by considering some special cases in which the fiscal multipliers
in the two models coincide exactly. Using these as starting points, we then consider
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the relationship between the multipliers in the two models as we depart from these
special cases.

3.2 Equivalence and the Degree of Openness

We begin by considering the degree of openness, measured by a. We provide an
equivalence result, according to which fiscal multipliers coincide in the HANK and
RANK models in this case.

Proposition 2. Consider a government spending shock. It then holds that the entire path of
output is identical in the RANK and HANK models, i.e. dYR* = dYFA,Vt, when

o — 1.

Since the entire path of output is the same, the fiscal multiplier is also the same. In particular,

ayRA — gyra _ )0 #or >0
dG if¢y =0

Proof. See Appendix A.3.

Proposition 2 establishes our first equivalence result regarding the fiscal multiplier in
HANK and RANK. It highlights that, as the degree of openness tends to its upper
bound of 1 (the opposite of home bias, as the domestic economy consumes only
foreign goods), the various forces at play in the two models exactly cancel out. The
intuition is that when no domestically produced goods are consumed, the Keynesian
multiplier—a defining feature of the HANK model—is shut down completely, since

all spending by domestic households goes abroad.

Note that the proposition holds regardless of how fiscal spending is financed, since
any change in private demand does not affect domestic production at all. The equiv-
alence of fiscal multipliers is also independent of monetary policy: If the central
bank responds to the shock by raising the real interest rate (¢y > 0), the resulting
appreciation of the real exchange rate implies that the expenditure switching channel
exactly offsets the increase in government spending, i.e., both models feature a fiscal
multiplier of zero. If instead the central bank keeps the real interest rate fixed (¢y = 0),
the real exchange rate also remains constant, implying a multiplier of unity in both
models (i.e., dY = dG). Monetary policy, therefore, affects the level of the multiplier,
but not the relative size across HANK and RANK frameworks.
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Finally, since the entire path of output is identical in the two models, an implication
is that our equivalence result extends to any measure of the fiscal multiplier, such as
the peak multiplier (as studied by Blanchard and Perotti, 2002) or the present-value
cumulative multiplier (as proposed by Ramey, 2016).

Figure 1 reports the decomposition of dY proposed in Proposition 1 for the case of
« — 1 (and ¢y > 0) studied in Proposition 2. The figure confirms that in this case,
the increase in government spending is fully crowded out by net exports through
the expenditure switching channel, while all other channels are muted, implying a
multiplier of zero in both models.®

We end this subsection by pointing out that while the limiting case of « — 1 may be
less relevant for practical policy purposes, as no country purchases zero domestically
produced goods, the HANK and RANK multipliers are very similar even for more
conventional values of «, as shown in Figure A.1 in Appendix A.3. In fact, the
difference between the fiscal multiplier in HANK and RANK is around or below 0.1
when « > 0.4, which corresponds to a standard value in the context of small open
economies (see, e.g., Gali and Monacelli, 2021). A sizable gap between the multipliers
opens up only as & — 0, in line with existing closed-economy analyses. We return to

the quantitative importance of openness when we discuss the fully fledged model.

3.3 Equivalence and the Trade Elasticity

We turn now to consider variations in the trade elasticity, 7, instead of the open-
ness parameter, . While openness measures the magnitude of the reduction in the
intertemporal Keynesian multiplier, as discussed above, the trade elasticity deter-
mines the strength of the expenditure switching channel. This allows us to establish
additional, slightly less general equivalence results.

Proposition 3. Consider a government spending shock, and assume that ¢y > 0. It
then holds that the entire path of output is identical in the RANK and HANK models, i.e.
dYRA = dYPA, t, when

17—)00.

8. In the limiting case where the output response approaches zero, the equilibrium responses of the
real interest rate and the real exchange rate also approach zero. Thus, in terms of the decomposition
in Proposition 1, the real income channel is shut off. However, the expenditure switching channel
is scaled by the factor %_;z, which tends to oo as & — 1, so that the entire term converges to —1, as
confirmed in Figure 1.
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Figure 1: Decomposition of output (/Y) when a« — 1

Note: The figure shows the decomposition of the response of output from Proposition 1 for the HANK and RANK models when
« — 1 and ¢y = 0.05.

Since the entire path of output is the same, the fiscal multiplier is also the same. In particular,
dyR4 = ayH4 < o.
Proof. See Appendix A.3.

Proposition 3 establishes another case where the fiscal multiplier is identical in the
two models, at all horizons. As the trade elasticity approaches infinity, there is full
crowding out of the increase in government spending, since the responsiveness of net
exports to the real exchange rate tends to infinity. Thus, in equilibrium, the response
of the real exchange rate approaches zero as 7 — .

Figure 2 summarizes these effects in terms of the decomposition studied above. The
figure confirms that output does not respond at any horizon. Effectively, the drop
in net exports arising through the expenditure switching channel cancels out the
increase in domestic demand. In the HANK model, the latter is given by the increase
in demand from the government net of a drop in private consumption arising from
higher taxes. In the RANK model, the drag from higher taxes is smaller, as discussed
in Section 3.1, but is complemented by slightly higher interest rate expenditures for
domestic households, since increased domestic borrowing leads to a deterioration of

the net foreign asset position, and thus a higher risk premium.

Unlike Proposition 2, the result in Proposition 3 requires an active monetary policy
response, i.e., ¢y > 0. Without such a response, the real exchange rate would be
unaffected. Thus, the expenditure switching channel would not be active, irrespective
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Figure 2: Decomposition of output (1Y) when 5 — oo

Note: The figure shows the decomposition of the response of output from Proposition 1 for the HANK and RANK models when
1 — co.

of the value of 7.

Admittedly, the case of an infinite trade elasticity may be less relevant from an
empirical perspective. In Figure A.2 in Appendix A.3, we therefore report fiscal
multipliers in the stylized HANK and RANK models for a range of values of #. The
multipliers are relatively similar also for more conventional values of 7, e.g., around 2.
A notable gap between the multipliers opens up only as # — 0. In this case, the real
income channel becomes very powerful, as discussed by Auclert et al. (2024a), since
households effectively purchase the same consumption basket as before the shock,
but now at different relative prices. Since this channel is scaled up by the matrix
of MPCs (see Proposition 1), this effect is stronger in HANK than in RANK. In our
quantitative analysis in Section 4, we employ a dynamic trade elasticity, which is low
in the short run and higher in the long run, in line with empirical work by Boehm
et al. (2023).

3.3.1 A Special Case: Period-By-Period Financing

While the previous results hold for any assumption regarding the financing of the
increase in government spending, it turns out that another equivalence result between
the HANK and RANK multipliers can be obtained in the special case in which the
increase in government spending is fully financed on a period-by-period basis, so as
to maintain a balanced government budget, i.e., we set ¢ = 1 in (12).

Proposition 4. Consider a government spending shock that is financed period-by-period, i.e.
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dGy = dTy,Vt. In this case, the entire path of output is identical in the RANK and HANK
models, i.e. dYtRA = dYtHA,Vt, when

n =1
Since the entire path of output is the same, the fiscal multiplier is also the same. In particular,

1 dr

dyRA — gyHA — 4G —
1—a 147

/ (16)

where U is an upper triangular matrix of unit entries.
Proof. See Appendix A 4.

Proposition 4 establishes that, given a balanced government budget, a unitary value
of the trade elasticity, #, implies that the various forces at play in the two models

exactly cancel out.’

Why do we obtain equivalence for exactly 7 = 1 and not some other value? Because a
unitary trade elasticity is the “Cole-Obstfeld calibration” (since we have log utility, see
Cole and Obstteld, 1991). In this parametrization, the income and substitution effects
from changes in the real exchange rate exactly offset each other, so the economy thus
behaves almost like a closed economy. In the closed economy, equivalence between
HANK and RANK then follows from Werning (2015). We provide more details on
this intuition in Appendix A.5.

To shed further light on the mechanics behind this result, Figure 3 shows the decom-
position of dY proposed in Proposition 1 under the assumptions stated in Proposition
4,i.e., dG; = dT;, Vt, and 7 = 1. The figure shows how the different channels exactly
cancel out in this case, such that the fiscal multiplier is the same in both models. The
additional drag from higher taxes in the HANK model, as compared to the RANK
model, is cancelled out by a smaller drag on output due to intertemporal substitution,
along with positive contributions from the real income channel and the multiplier
channel. Since the magnitude of the domestic boom is the same in the two models,
the strength of the expenditure switching channel is equivalent across the two models.

As for the magnitude of the multiplier, it is 0.54 in both models, both on impact and

9. A unitary trade elasticity is not inconsistent with the existing empirical literature. For example,
recent estimates by Boehm et al. (2023) suggest a short-run trade elasticity of 0.76, increasing to 1 after
three-four years, and around 2 after a decade.
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Figure 3: Decomposition of output (dY) when#n =1

Note: The figure shows the decomposition of the response of output from Proposition 1 for the HANK and RANK models when
7 = 1 and the government maintains a balanced budget.

when measured by the present-value cumulative multiplier (the two coincide in this

case, but not in general).

3.3.2 The General Case: Partial Debt Financing

Having considered the limiting case of a balanced budget, we now turn to the more
general case where some degree of debt financing is allowed. Tax revenues are
assumed to follow equation (12), which in linear form reads dT; = ¢pdB;_1 + ¢cdGt.
We now explore the potential existence of values of # that establish equivalence
between multipliers across HANK and RANK models for arbitrary values of ¢¢ €
[0,1] and a given value of ¢ (which equals 0.05, as before). To this end, we resort
to a numerical analysis, in which we focus on the present-value cumulative fiscal
multiplier up to some horizon T, defined as:
Yi-o —(1dYtj)t
=0 Ty
t=0 (1+r)f

In practice, we compute the multiplier over 5 years (i.e. T = 20) for a range of values
of ¢ and 7 for each of the two models. The results are reported in Figure 4, which
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shows the difference between the multipliers in the two models, i.e.,, MT4 — MRA 10
The green area indicates tuples (¢¢, 77) for which the HANK fiscal multiplier is larger
than the RANK fiscal multiplier, i.e. MHA > MRA The red area, instead, indicates
tuples (¢g,7) where the RANK fiscal multiplier is larger, i.e. MRA > MHA The
black line indicates the border between these two areas, i.e. where MR4 = MHA,
Note that the black line crosses through the limiting case studied in Proposition 4,
i.e., (¢g,1) = (1,1), whereas it converges to the case from Proposition 3, i.e., 1 — o0.
By “connecting the dots”, the black line shows that equivalence between the two
multipliers can be established numerically for intermediate values of ¢ and 7.

To understand the results in Figure 4, consider first variations in the degree of fi-
nancing, ¢;. A reduction in the degree of tax financing, i.e., a drop in ¢¢, implies
a smaller increase in taxes. This entails that the negative impact of the tax channel
on consumption in the HANK model is weakened, so the HANK multiplier is more
likely to exceed the RANK multiplier, all else equal, as indicated by moving left
towards the green area (or further away from the red area), for a given value of 7.

Next, consider variations in the trade elasticity, 7, holding ¢¢ fixed. As the trade
elasticity increases, expenditure switching becomes more important in both models,
which reduces the fiscal multiplier in both cases. Furthermore, the smaller increase
in output weakens the intertemporal Keynesian multiplier present in the HANK
model.!! As a result, an increase in 7 exerts a stronger negative effect on the fiscal
multiplier in the HANK model than in the RANK model, consistent with moving

towards the red area (or further away from the green area).

What can we say about the magnitude of the gap in fiscal multipliers? Anticipating
the results from the quantitative analysis, we note that the difference between the
fiscal multipliers in the HANK and RANK models in Figure 4 is small for most
calibrations, with the exception of those in the bottom left corner of the figure, i.e.,
cases where a very low trade elasticity coincides with a high degree of debt-financing.

10. We report the multiplier for each model separately in Figure A.6 in Appendix A.6. While
Propositions 2, 3, and 4 provided equivalence results for the response of output at all points in time, i.e.
dYPA = dYRA, Vt, Figure 4 only establishes equivalence for the present-value cumulative multiplier.
This implies that the paths of output might differ across models, even if the multiplier is the same. We
have verified that the figure looks very similar if we focus on the impact or the peak multiplier instead
of the present-value cumulative multiplier.

11. Analytically, this can be seen by collecting the dY/-terms in the expression in Proposition 1
and then solving for dY/, which entails that the expenditure switching term gets premultiplied by
[I — (1 —a)M/]~!, where I is the identity matrix. Thus, the effect on output of a change in 7 is seen to
scale with the MPCs, as reflected by the matrix M/.
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Figure 4: Difference between fiscal multipliers in HANK and RANK
Note: The figure shows the difference in cumulative fiscal multipliers between the HANK and RANK models in the stylized

setting, i.e. MHA — MRA for a range of values of the trade elasticity (7) and the degree of tax financing (¢c). The cumulative
fiscal multiplier is computed over 5 years, i.e. T = 20 in (17).

3.4 Summary

To sum up this section, we have documented that the same six channels are at play
in response to fiscal policy shocks in open-economy HANK and RANK models.
However, their magnitude—and potentially their sign—has been shown to vary
across models. This paves the way for equivalence results, where the channels cancel
each other out, leading to equivalence of output and fiscal multipliers in the two
models. We have provided a set of such results, where the entire paths of output, and
hence the fiscal multipliers, are the same in the HANK and RANK models.

4 Numerical Results

Motivated by the equivalence results established in the previous section, we now
turn to a quantitative assessment of the fiscal multiplier in the HANK and RANK
models, with the aim of exploring whether these remain relatively similar for realistic

calibrations.
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4.1 Quantitative Model Elements

We extend the stylized model described in Section 2 with a number of elements to
make it more realistic from a quantitative viewpoint. In particular, we consider four
new model elements: Permanent discount factor heterogeneity, time-varying trade

elasticities, a more general monetary policy rule, and a fixed cost in production. '

4.1.1 Permanent Discount Factor Heterogeneity

We introduce permanent heterogeneity in household discount factors: Half of the
households are impatient with discount factor, B°%, while the remaining households
are patient with discount factor, 88", This allows us to simultaneously match the
MPC (as in the stylized model) along with a realistic level of government debt (in
contrast to the stylized model). Households of both types solve the same problem as

in the stylized model, but with (permanently) different discount factors. '*

4.1.2 Time-Varying Trade Elasticities

Following recent advances in the trade literature (see Drozd et al., 2021 and Boehm
et al., 2023), we allow for a dynamic trade elasticity, which is low in the short run
but high in the long run. Specifically, we assume that the domestic CES demand for
imports and the Armington demand for exports are given by:

o A A P 1—py
Crr=a(p) TCt, pr= (Pr_1)" (Pitt> p (18)
x P * Ak Ak PI#:I =
Chy=a*(p1)"CS, pi= (pr_1)™ ( P*,t> , (19)
t

where p,; € [0,1) captures the smoothness embedded in the process. We retrieve a

constant trade elasticity when p,, = 0.

12. We now report the non-linear perfect foresight transition path instead of the linearized impulse
response as for the stylized model.

13. In the NKWPC (10), we use the average discount factor: (BloW + ghish) /2.
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4.1.3 Monetary Policy

We expand on the reaction of the monetary policy authority. In particular, we now

consider a Taylor rule featuring an inflation response and interest rate smoothing:
. . . Y;
it = pifr—1 + (1= 1) | ss + ¢t + ¢y |~ — 1) ) (20)
SS

4.1.4 Fixed Cost

Finally, we introduce a fixed cost in production in order to be able to simultaneously
obtain a realistic markup and a level of aggregate wealth to GDP consistent with the

data. In particular, firm profits are now:

PrYy — WiNy

F 21
. : @)

Dt = (1 —Tt)

where F is the fixed cost. Goods market clearing then becomes

P,
Y = Chys+ Ciyy + G+ 5—F. (22)
' P

With no fixed cost, a realistic markup would imply an implausibly high wealth level.

4.2 Calibration

Our calibration is relatively standard and targets the average small open economy in
a sample of OECD countries. The baseline calibration of the model is summarized in
Table 2.

Regarding household preferences, we set the inverse of the Frisch elasticity to ¢ = 2.
We set the discount factor of patient households to match an annual real interest rate
of 2%. The discount factor of impatient households is set to match an annual MPC
of 0.51, following Fagereng et al. (2022). We obtain the parameters governing the
idiosyncratic component of income from the estimates of Floden and Lindé (2001).
The calibration of the representative agent model differs regarding the discount factor,
which is given by 1/(1 + 7).

On the firm side, we opt for a markup of 20%. We then set the fixed cost to ensure
that the total supply of assets yields an aggregate ratio of assets to output (A/Y) of 10
(2.5 annually) as in Druedahl et al. (2024). The slope of the wage Philips curve is set
to 0.01, as in Auclert et al. (2024b).
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For the government, we set the steady state values of government consumption and
debt to match the OECD data, giving us Gss = 0.2 and Bss = 2.32 (implying a debt-to-
GDP ratio of 58% annually), as steady-state output is normalized to 1. The steady-state
level of tax revenues then follows residually. Regarding the financing of spending
shocks, we set ¢p = 0.02 and ¢ = 0 following Gali (2020), implying that increases
in government spending are financed mostly by higher public debt in the short run,
with taxes responding very slowly. We assume that the government spending shock
follows an AR(1) process with persistence pg = 0.9, following Hagedorn et al. (2019).
Monetary policy is assumed to respond to consumer price inflation with a coefficient
of ¢ = 1.5, whereas we set the output-gap response to zero, ¢y = 0, as a baseline.

The interest-rate smoothing parameter is set to 0.9.

Finally, regarding the foreign economy, we assume a net foreign asset position of zero
in the steady state, such that trade is initially balanced. We calibrate the foreign share
of consumption («) to match an import-to-GDP ratio of 42%, corresponding to the
average across OECD countries. This requires a value of & somewhat higher than 0.42
due to our assumption that government spending is fully home biased, as well as the
presence of a fixed cost. We calibrate the (long-run) trade elasticity, #, and the rigidity
in substitution, p;, to match the evidence from Boehm et al. (2023). This yields 17 = 2
and p;, = 0.9. Finally, we set the sensitivity of the risk premium to eyps = 0.001,

which ensures stationarity.
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Description Value Target (Source)

Households
BRA RANK discount factor 0.995 Interest rate
phigh  High discount factor 0.991 Interest rate
plo"  Low discount factor 0.878 MPC = 0.51 (F21)
e Persistence of idiosyncratic income  0.966 (FLO1)
O, Std. of idiosyncratic income 0.13 (FLO1)
1/¢  Frisch elasticity 0.5 (C11)
Firms and Philips-curve
7 Markup 1.2 Standard value
K Slope of Philips-curve 0.01 (A24)
F Fixed cost 0.116 A/Y =10 (D24, OECD)
Government and monetary policy
Gss  Public consumption to GDP 0.20 G/Y = 20% (OECD)
Bss Government debt to GDP 2.32 B/Y = 232% (OECD)
¢  Taylor rule coefficient on 7 1.5 Standard value
oy Taylor rule coefficient on Y 0 Standard value
Qi Interest rate smoothing 0.9 Standard value
B Tax response to debt 0.02 (G20)
le Tax response to spending 0 (G20)
0G Gov. cons. AR(1) coefficient 0.9 (HMM19)
Trade
Tas Foreign interest rate (annual) 2% Standard value
o Cr share 0614 M/Y = 42% (OECD)
1 Trade elasticity 2 (B23)
0y Trade rigidity 0.9 (B23)
enra Interest-rate sensitivity 0.001 Stationarity

Table 2: Calibration

Note: The table summarizes the baseline parameter values. A24 is Auclert et al. (2024b). B23 is Boehm et al. (2023). C11 is
Chetty et al. (2011). D24 is Druedahl et al. (2024). F21 is Fagereng et al. (2022). FLO01 is Floden and Lindé (2001). G20 is Gali
(2020). HMM19 is Hagedorn et al. (2019). OECD refers to data from the OECD for the sample in Druedahl et al. (2024).

4.3 Baseline Results

The impulse-response functions (IRFs) to a government spending shock equal to 1
percent of GDP in both the HANK and the RANK model are shown in Figure 5. As
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the figure shows, the response of GDP is very similar in the two models, though
slightly larger—and more short-lived—in the HANK model. The impact multiplier is
1.15 in the HANK model and 0.95 in the RANK model, whereas the present-value
cumulative multiplier is 0.63 and 0.61, respectively, when considering the first 20
quarters after the shock (see Table 3). Overall, the main insight from the previous
section is therefore confirmed: the open-economy fiscal multiplier is relatively similar
across HANK and RANK models.

The underlying dynamics, however, is quite different. The HANK model displays
a large increase in domestic consumption, reflecting the high MPC displayed by
households in this economy. As anticipated in the analytical results, part of the
increase in consumption is directed towards foreign goods, leading to a notable
increase in imports and, in turn, a decline in net exports. In the RANK model, in
contrast, domestic consumption declines, since the MPC in this economy is low, and
households instead postpone consumption in response to the increase in the real
interest rate (except for the first few quarters). This spills over into a drop in imports,
and therefore an increase in net exports in the RANK economy. In the aggregate, the
different responses of consumption and net exports in the two models roughly cancel
out, explaining the relatively similar dynamics of output. The real interest rate and
the real exchange rate display relatively similar patterns in the two models: the real
interest rate rises, except for an initial decline due to nominal interest-rate smoothing,
while the real exchange rate appreciates. Finally, the pattern of government debt is

almost identical in the two models.

We find it interesting to contrast the response of private consumption in the two mod-
els with the existing empirical literature, since this has received considerable attention
in previous work. As summarized by Ramey (2016), most existing studies find that
private consumption increases after a positive shock to public spending. Much of this
work has focused on the US economy and may therefore be less informative on the
response in small open economies, but according to Monacelli and Perotti (2010) and
Ravn et al. (2012), the positive response observed in the US also extends to Canada,
Australia, and the United Kingdom. The evidence from cross-country studies using
a large number of countries is more mixed, with Corsetti et al. (2012) obtaining an
insignificant response across 17 OECD countries. Ilzetzki et al. (2022) employ data for
44 developed and developing countries, and report a positive response of consump-
tion in countries with a fixed exchange rate, but a mildly negative response under
floating rates. Across countries in the euro area, Born et al. (2024) find that whether

private consumption displays crowding in or crowding out depends on the sign of the
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Figure 5: IRFs to a government consumption shock

Note: The figure shows impulse response functions to a government consumption shock in the baseline models. Solid blue lines:
HANK model. Dashed red lines: RANK model.

shock. All in all, while the existing evidence lends more support to the implications
of the HANK model, the empirical literature has yet to reach a clear consensus on the

conditional response of private consumption in small open economies.

4.4 Alternative Model Specifications

We now consider several extensions of the baseline framework and their implications
for fiscal multipliers, both to investigate the sensitivity of the baseline results and to

provide more intuition. The fiscal multipliers associated with each of the experiments

are collected in Table 3.

Monetary policy In order to check the sensitivity of our main insights, we first
explore alternative assumptions regarding monetary policy. We begin by treating the
case of a fixed exchange rate, i.e., where the Taylor rule (20) is replaced by a rule that
keeps the nominal exchange rate fixed at all time, i.e. E; = Eg;. The IRFs of the most
important variables are reported in Figure 6 (top row). The responses are very similar

to those observed under a floating exchange rate, implying that the fiscal multipliers
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Figure 6: IRFs to a government consumption shock: Sensitivity checks
Note: The figure shows impulse response functions to a government consumption shock under various model assumptions

regarding monetary policy (rows 1-3) and the trade elasticity (rows 4-5). Solid blue lines: HANK model. Dashed red lines:
RANK model.

are also barely affected, as seen from Table 3.'*

14. The response of the real interest rate is quite similar across exchange-rate regimes. Under a
peg, the central bank keeps the nominal interest rate fixed. The path of the real interest rate is then
determined by the dynamics of consumer price inflation, which first increases in response to higher
domestic prices, but then declines due to expendgblre switching towards cheaper foreign goods.



We then consider the case of a more aggressive response of monetary policy, imple-
mented by setting ¢, = 2 and ¢y = 1. This leads to a larger increase in the real
interest rate in response to a fiscal expansion, as seen from Figure 6 (row two). Not
surprisingly, this reduces the fiscal multiplier in both models, though by slightly more
in the RANK model due to intertemporal substitution effects, as confirmed by Table
3.

Another alternative is to consider a constant real interest rate rule, according to which
the central bank keeps the real interest rate fixed at all times, i.e. r = rs. Such
a rule implies a slightly higher impact multiplier in both models, as compared to
our baseline case (see Figure 6, row th1ree).15 Yet, these experiments do not alter the

overall conclusion from our previous analysis.

All in all, we see that the relative size of the fiscal multiplier is not substantially
affected by monetary policy. The reason is that demand for both domestic and foreign
goods is affected symmetrically, and so their high correlation in the models is largely
preserved. In the HANK model, a positive domestic consumption response continues
to be offset by a matching increase in imports, thus muting any overall change in the

tiscal multiplier.

The trade elasticity Given the considerable uncertainty surrounding estimates of
the trade elasticity in the existing literature, and the central role of this parameter for
the transmission of shocks to consumption in HANK and RANK models established
by Auclert et al. (2024a), we also consider variations of 7. In particular, we first
consider a higher value of the long-run elasticity, with # = 4, and then a trade
elasticity that is not dynamic, i.e. we set p;, = 0 (so that the value of 7 is constant at 2).

The resulting IRFs are shown in Figure 6 (rows four and five).

A higher trade elasticity has a very modest impact on our results, reducing the fiscal
multiplier slightly in both models due to a stronger expenditure switching effect.
The relative fiscal multiplier is largely unchanged. A static trade elasticity works
in the same direction, but exerts a more powerful effect, reflecting that changes in
the short-run trade elasticity are stronger than long-run changes. However, since
the HANK and RANK multipliers are reduced in parallel, they remain quite similar.
Changes in the trade elasticity do not affect the leakage of demand abroad more in
HANK than in RANK.

15. In this case, the cumulative multipliers in the HANK and RANK models are identical and equal
to 1 over the entire horizon, i.e., as T — oo in (17), as established analytically in Sundram (2024).
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Openness While monetary policy and the trade elasticity do not substantially affect
the relative size of the fiscal multiplier in our models, openness matters somewhat
more. This can be observed from Figure 7 (rows one and two), where we consider
variations in the openness parameter, a.'® In the HANK model, the fiscal multiplier
is lower when the economy is more open, and vice versa. Building on the intuition
from the stylized model, this reflects that the leakage of domestic demand abroad is
more important when the degree of openness is higher. Since the RANK multiplier is
less sensitive to variations in «, we therefore observe a larger difference between the

two multipliers when the economy is less open.

Sticky prices The nature of nominal rigidities matters for the relative fiscal multi-
plier across HANK and RANK. While our assumption of sticky wages is consistent
with most of the existing HANK literature (e.g., Hagedorn et al., 2019 and Auclert
et al., 2024c), models in the RANK tradition have typically focused on sticky prices
(e.g., Gali and Monacelli, 2021). As shown by Broer et al. (2023), this choice is not
innocuous for fiscal multipliers.

We add sticky prices by replacing the pricing equation, Py ; = uW;, with the following
New-Keynesian Phillips Curve (NKPC):

Tyt = Ky (ﬂ — 1) + Bty t11-
, Pu: .
We set k7 = 0.15. We first consider the case with sticky prices and flexible wages, i.e.

K — ©Q.

As seen from Figure 7 (row three) and Table 3, this widens the gap between HANK
and RANK multipliers more than in the other sensitivity checks we have conducted,
at least on impact. Under this specification, firm profits become countercyclical,
and real wages display a stronger increase, boosting the consumption response in
HANK. At the same time, however, since prices are rigid, the real exchange rate
is less responsive. Thus, in this case unlike all the others we have considered so
far, the correlation between consumption and imports becomes weaker, with the
rise in consumption substantially stronger than the drop in net exports, implying a
larger output response in HANK. In the RANK model, instead, the increase in real

wages cancels out with the drop in profits, from the viewpoint of the representative

16. The values of « considered here are calibrated to obtain import-to-GDP ratios of 26% and 52%,
respectively, corresponding to the first and third quartile across our sample of OECD countries.
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household, so the RANK response is very similar to the baseline. In the empirically
plausible case where wages are more sticky than prices—and profits are procyclical—

tiscal multipliers are instead very close to the baseline (see row four of Figure 7).

Alternative specifications of heterogeneity Until this point of the analysis, an
implicit assumption in our HANK model was that all households are equally exposed
to business cycles and that idiosyncratic income risk is constant. This is the standard
assumption in the literature, but there is substantial empirical evidence suggesting
both unequal exposure (see e.g. Guvenen et al., 2017) and/or cyclical income risk (see
e.g., Storesletten et al., 2004, Guvenen et al., 2014).

To investigate the effect of this, we assume the standard deviation of the idiosyncratic

income risk to vary according to
Oet = Opss + U 10g N,

and where mean idiosyncratic income is still one. When v < 0 this implies counter-
cyclical income risk such that precautionary saving increases in recessions. We set
v = —3 in line with evidence from Storesletten et al. (2004).'”

The introduction of counter-cyclical income risk drives up the response of consump-
tion in the HANK model, since the increase in government spending is now associated
with a decline in households’ income risk. However, this also entails an increase in
imports, and thus a larger drop in net exports, dampening the effect on the output
multiplier. The impact multiplier therefore only increases from 1.15 to 1.44. In the
closed-economy case (i.e., if we set & = 0), the multiplier instead increases from 1.38
to 3.12, and the effect is thus much larger.

It should be noted that there is no agreed-upon calibration of these alternative income
processes in the literature. An alternative would be to follow Guvenen et al. (2014),
who argue that the standard deviation of idiosyncratic income growth is actually
acyclical, but that income growth is instead more left-skewed in recessions. This
would qualitatively imply similar fluctuations in the precautionary saving motive,
and we expect that the effect in a small open economy quantitatively would be smaller

than the effect in a closed economy.

17. Specifically, they find that the standard deviation varies by 0.09 from peak to through, and
following Acharya et al. (2023) we set the associated percentage change in employment fluctuations to
0.03, see their footnote 10.
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Auclert et al. (2024b) introduce unequal exposure using a cyclical labor allocation
rule:

vlog N;
e = N T
L [eit i t}
When v < 0, this implies that income inequality and income risk decline when
aggregate employment increases, i.e., that these are countercyclical, as observed
empirically. With v = —1 in this specification we get that the impact multiplier only
increases to 1.17, despite this being a much higher elasticity than the v = —0.15
chosen in Auclert et al. (2024b).

We have also considered a two-agent version of the model (i.e., a TANK model), which
enables a more tractable treatment of household heterogeneity (as in Debortoli and
Gali, 2024, among others). In this setting, the standard representative-agent model is
augmented to include a share A of agents who are always constrained and hold zero
assets, and thus display a hand-to-mouth behavior. We calibrate A to match the same
annual aggregate MPC as in the HANK model, yielding A = 0.50. In the bottom row
of Figure 7, we compare the IRFs from this model to those of our baseline HANK
model. The HANK and TANK models display very similar dynamics, implying
that our main conclusions extend to such a framework (the impact and cumulative
multipliers in the TANK model are 1.15 and 0.67, respectively).®

4.4.1 The Role of Financing

Our analytical results hinted at the importance of the role of financing in driving
the size of the fiscal multiplier in HANK. The previous literature has established
that, in the context of HANK models, the timing of the increase in taxes required
to finance the additional government spending plays a crucial role for the size of
tiscal multipliers (see, e.g., Challe and Ragot, 2011, Hagedorn et al., 2019, and Auclert
et al., 2024c). This is in contrast to the literature based on representative-agent
models, where some form of Ricardian equivalence typically applies. Thus, one may
suspect that alternative financing assumptions could break the similarity between

18. See also Leeper et al. (2017), who consider an open-economy TANK model in their online
appendix. In quantitative terms, they find that the introduction of non-Ricardian households increases
the fiscal multiplier by around 25 percent during the first year relative to the RANK case; very close to
what we obtain.

34



HANK and RANK multipliers established above. To explore this aspect in the
quantitative framework, we now consider a variety of financing rules proposed in
the existing literature, and their implications for fiscal multipliers. Specifically, we
employ the following rules: i) Following Gali et al. (2007), we assume that taxes adjust
to contemporaneous (as opposed to lagged) debt and public spending according to

dT; = ¢pdBt + ¢pcdGy,

with ¢p = 0.33 and ¢ = 0.1. ii) Following Auclert et al. (2024c), we assume that
taxes adjust such that public debt satisfies

dB; = ¢B (dBt_l + th),

with ¢p = 0.93. iii) Following Hagedorn et al. (2019), we assume that taxes are fixed
initially, and then phased in after a while in order to stabilize the debt level:

TSS ift < tB,
T; = (1—60) Tss—i—th ift € [tB/tB+AB]/

where T; = T, (Bé—s‘sl) , and where tg = 50 and Ap = 20." iv) Finally, we consider a
balanced budget rule, such that B; = B for all £.

The IRFs to a government spending shock under these financing schemes are reported
in Figure 8, where the different cases have been ordered according to the magnitude
of the implied increase in government debt, as seen from the right column. The
various fiscal rules have notably different implications for the path of government
debt: In the first three rows, the increase in government debt is smaller than in our
baseline model, implying a larger increase in taxes, which dampens the increase in
consumption in the HANK model. An extreme case of this is seen under a balanced
budget, where a drop in consumption can be observed (top row). In contrast, the
bottom row shows a rule where government debt displays a larger increase, boosting
the response of consumption.

The key insight from this exercise, however, is that the response of output displays

only very small changes as we vary the financing rule. As seen from Table 3, the

19. In the practical implementation, w is a function of x = ( %) , with w(x) = 3x% — 2x3.

35



impact multipliers are relatively insensitive to this choice, and remain very similar in
the HANK and RANK models, whereas the cumulative multipliers are somewhat
more responsive, though without altering the main picture. The explanation is that
the response of net exports tends to mirror that of private consumption; declining by
more when consumption increases by more, and vice versa, partly because a fraction
of the increase in consumption is directed towards foreign goods, and partly due
to expenditure switching resulting from the appreciation of the real exchange rate.
In terms of our results from the stylized model, in an open economy the financing
channel is not as important in driving the relative size of the fiscal multiplier since
that channel is scaled down by openness; what is important instead is the degree
to which demand leaks abroad, that is, increased consumption demand is spent on
imports, which is unaffected by the choice of financing.

4.4.2 The Response of the Real Exchange Rate

In our model, the real exchange rate is determined through the UIP condition, given a
path for monetary policy. As seen above, our baseline model features an appreciation
of the real exchange in response to a government spending shock, consistent with
the idea that a fiscal expansion drives up the relative price of domestic goods. In the
existing empirical literature, however, this response is at the centre of a long-standing
debate, with several authors reporting evidence of a—counterintuitive—depreciation
of the real exchange rate (see, e.g., Kim and Roubini, 2008, Monacelli and Perotti,
2010, and Ravn et al., 2012). More recent contributions have challenged or modified
this result somewhat (see, e.g., Ferrara et al., 2021 or Born et al., 2024, who also
provide surveys of this literature). While we do not wish to take a stand on this
question, we find it important to document that our theoretical insight is not sensitive
to the conditional response of the real exchange rate. To this end, we allow for UIP
deviations in the form of a UIP shock, eP''. This implies that the real UIP condition
(5) is modified to: %’

Qi1
Qt

1+r=(1+7]) +ep'h

20. We also adjust the asset returns, r{, to reflect that returns are not equalized even after period 0
due to the UIP deviation.
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We can then back out the path for €Y' required to obtain any desired response of
the real exchange rate.”! We consider two cases: One where the UIP shock ensures
that the real exchange rate remains constant, dQ; = 0, and another where the UIP
deviation is such that the real exchange rate moves exactly opposite the baseline case,
i.e., it depreciates by the same amount that it appreciates in the baseline.??

The implied IRFs are reported in Figure 9. As compared to the baseline case of
an appreciation from Figure 5, a constant real exchange rate implies a boost to net
exports through expenditure switching, so that net exports display an increase in
both models (row one). This effect is even stronger in the case of a depreciation
(row two). However, in both cases, the increase in net exports is counteracted by a
decline in domestic consumption. In the HANK model, this reflects a reversal of the
powerful real income channel, as domestic households are poorer in real terms. In
the RANK model, the drop in consumption is due to the increase in the domestic real
interest rate resulting from the UIP shock. In other words, both models display a
negative comovement between domestic consumption and net exports. As seen from
the figure, the response of output is very similar in the HANK and RANK models,
irrespective of the response of the real exchange rate.”

4.4.3 Model with Capital

Finally, we show that introducing capital into the model does not affect our main
message. Assume that the production function of domestic firms is given by Y; =
Nt1 “UKKIK,. The capital stock is owned by capital firms, and evolves according to a
standard law of motion. Capital firms are subject to quadratic investment adjustment
costs. The details are presented in Appendix B. We set the capital share (xg) to a
standard value of 0.33, while the depreciation rate of capital is 1.25% per quarter.
The IRFs to a government spending shock in the models with capital are shown

in Figure 9 (bottom row). The introduction of capital reduces the fiscal multiplier,

21. We have opted for this reduced-form approach to obtain a depreciation of the real exchange rate.
Structural mechanisms proposed in the literature to obtain such a response include spending reversals
(Corsetti et al., 2010) and deep habits (Ravn et al., 2012).

22. Technically, we impose the target exactly for the first 75 quarters, and thereafter phase out the
UIP shock.

23. While the impact multipliers from each model display a modest sensitivity with respect to
movements in the real exchange rate, as seen from Table 3, the cumulative multipliers are significantly
larger when the UIP shock is active, as compared to the baseline model, since the increase in output
becomes more persistent in these cases.
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as investment displays a clear decline in both models (while leaving the dynamics
of consumption and net exports largely unaffected, relative to the baseline case).
However, the dynamics of output remains very similar across the HANK and RANK
economies, with impact multipliers of 0.95 and 0.83, respectively. In other words, the

introduction of capital does not materially affect our main message.

5 Conclusion

We have studied fiscal multipliers in a SOE-HANK model, and compared the fiscal
multipliers in this model to those from a representative-agent model. Our general
takeaway is that fiscal multipliers are similar in both types of models. This result is
based on two types of arguments. First, we have established analytical equivalence
results in a stylized setting, and second, we have shown that fiscal multipliers are
generally quite similar in a quantitative model. These results are in contrast with those
for a closed economy, where the introduction of households with sizeable marginal
propensities to spend have been shown to boost fiscal multipliers significantly. The
difference arises primarily from demand leakage abroad: Even though in the HANK
framework consumption demand is boosted more than in the RANK setting, this
increased demand is spent partly on imports, thus weakening the impact of the fiscal

stimulus on domestic output.

In a quantitative setting, we found that fiscal multipliers are generally at most 20
percent larger in HANK than in RANK, and that the absolute size of fiscal multipliers
displays limited sensitivity to the various model perturbations we considered. With
few exceptions, the fiscal multiplier is close to 1 on impact in the models we have
considered, while the cumulative multiplier is significantly lower. This is consistent
with a boom-bust type of pattern in consumption and output: Output initially rises
following higher government spending, but after a while consumption drops to pay

back debt to foreigners.

The focus of our analysis has been on the relative magnitude of multipliers in HANK
and RANK models, and less on the absolute size of these. Likewise, the fact that
impact multipliers are generally higher than cumulative multipliers in the models we
have considered reflects—at least partly—the absence of model ingredients aimed at
obtaining the hump-shaped impulse responses often observed in applied work. Thus,
we leave for future research a more detailed assessment of the ability of the models
considered above to provide a quantitative account of the empirical effects of fiscal
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policy in small open economies.

We find it worthwhile to reflect on the implications of our findings for practical
policy purposes. A first insight is that policymakers in open economies should
think twice before applying the insight from recent closed-economy analyses that
fiscal stimulus policies are much more powerful when viewed through the lens of
HANK models with realistic MPC’s, as opposed to conventional RANK models.
We emphasize that, from a quantitative viewpoint, fiscal multipliers in the two
frameworks are relatively similar for conventional levels of openness to trade (values
of « around 0.4-0.5) as well as the trade elasticity (values of 77 around 1-2). Second,
extending the focus beyond the output multiplier, a key insight from our analysis
is that stimulating private consumption and deteriorating the trade balance are two
sides of the same coin, since a strong negative comovement between consumption
and net exports is a robust feature of our SOE-HANK model. The explanation is
straightforward: In open economies, the intertemporal Keynesian multiplier is partly
directed towards imported goods from abroad. This suggests that fiscal stimulus
policies may be less appealing from the viewpoint of countries struggling with large
trade deficits (i.e., countries subject to “twin deficit” concerns), as well as countries
that are characterized by a higher degree of openness, all else equal. Finally, we believe
our results may have important implications for the potential gains from international
fiscal policy coordination. Since the HANK model entails a significant “leakage
abroad” of domestic demand, the increase in government spending effectively ends
up stimulating the foreign economy. Hence, we hypothesize that a coordinated fiscal
expansion across countries may entail a notably higher fiscal multiplier than obtained
in our analysis, and in turn, that the effect of policy coordination may therefore be
larger in HANK than in RANK models. Spelling out these implications, however,
would warrant a careful study of its own, and would require us to replace our small
open economy assumption with a two-country approach. It is therefore beyond the
scope of the current paper, and we leave it for future research.
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Figure 7: IRFs to a government consumption shock: Sensitivity checks (continued)

Note: The figure shows impulse response functions to a government consumption shock under various model assumptions
regarding openness (rows 1-2), nominal rigidities (rows 3-4), and countercyclical income risk (row 5). Solid blue lines: HANK
model. Dashed red lines: RANK model. Row 6 reports impulse responses from the baseline HANK model (solid blue lines)
alongside those from a TANK model (dashed red lines). 40



Model Specification Multiplier =~ HANK RANK Difference
. Impact 1.15 0.95 0.20
Basel del
aeetnemode Cumulative ~ 0.63  0.61 0.02
. Impact 1.16 0.96 0.20
Fixed exch t
peed exchange Tt Cumulative ~ 0.65  0.64 0.01
Aggressive monetary polic Impact 097 072 024
&6 YPOIY Cumulative 013 0.11 0.02
. Impact 1.19 1.00 0.19
Constant real interest rate .
Cumulative 1.17 1.00 0.17
High trade elasticity Impact , 1.13 054 0.19
Cumulative 0.49 0.53 —0.04
Constant trade elasticity Impact . 098 087 0.11
Cumulative 0.47 0.52 —0.05
More closed (x = 0.38) Impact . 1.27 0.91 0.36
Cumulative 0.71 0.59 0.12
More open (a = 0.76) Impact . 1.08 0.97 0.11
Cumulative 0.59 0.63 —0.04
. . Impact 1.47 0.89 0.59
Stick
1Y prCes Cumulative 028  0.43 ~0.16
: . Impact 1.17 0.96 0.21
tick d
Sticky prices and wages Cumulative 0.67 0.64 0.04
1 . Impact 1.44 0.95 0.49
ter-cyclical inc. risk
Counter-cyclical inc. ris Cumulative 0.76 0.61 0.15
Impact 0.94 0.93 0.01
Balanced budget
arancec budge Cumulative 044 042 0.02
. . : Impact 1.06 0.93 0.13
F LV07
inancing as in G Cumulative 045  0.40 0.05
Financing as in ARS23 Impact . 1.12 0.94 0.18
Cumulative 0.52 0.46 0.06
Financing as in HMM19 Impact , 1.16 0.9 020
Cumulative 0.69 0.71 —0.03
Flat real exchange rate Impact , 1.09 050 0.19
Cumulative 091 0.76 0.14
Opposite real exchange rate Impact _ 1.02 085 0.17
Cumulative 1.18 091 0.27
With capital Impact . 0.95 0.83 0.12
Cumulative 0.37 0.39 —0.02

Table 3: Fiscal multipliers in different models

41

Note: The table reports impact and cumulative fiscal multipliers from the HANK and RANK models (and the difference
between these) for a range of different modeling assumptions. The cumulative fiscal multiplier is computed over 5 years.
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Figure 8: IRFs to a government consumption shock with different financing schemes
Note: The figure shows impulse response functions to a government consumption shock under a range of different assumptions

regarding the financing of the increase in spending. GLV07 is Gali et al. (2007), ARS23 is Auclert et al. (2024c), and HMM19 is
Hagedorn et al. (2019) Solid blue lines: HANK model. Dashed red lines: RANK model..
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UIP deviation: Constant real exchange rate
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Figure 9: IRFs to a government consumption shock: Sensitivity checks (continued)

Note: The figure shows impulse response functions to a government consumption shock under various model assumptions
regarding deviations from the UIP (rows 1-2) and with capital formation (row 3). Solid blue lines: HANK model. Dashed red

lines: RANK model.
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Appendix

A Stylized Model Appendix

In the following, we present the proofs of each of the propositions in Section 3 in the

main text.

A1 Proof of Proposition 1

We begin by linearizing some key equations that we use to prove the proposition.

A.11 Domestic Consumption of Home Goods

Linearizing the definition of the real exchange rate implies that

dQ; = dEy — dP.
=dPr; —dP;,

(23)
(24)

where we in the second line use that the law of one price and fixed foreign prices

implies dPr; = dE;. Solving for dPr ;, we find that
dPp; = dQt + dP;.
Linearizing the CPI in (8) yields
dP; = adPr; + (1 — a)dPp ;.
Combining this with (25) and solving for dPy ; — dP;, we obtain

APy, —dP = ———

T4
Linearizing domestic consumption of home goods (7) gives

dChs = (1 — ) [dCy — y(dPp — dPy)].
Inserting (27) yields

ACht = (1 — a)dC + nadQy.
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(25)

(26)

(27)

(28)



A.1.2 Foreign Consumption of Home Goods
Linearizing P, in (2) gives

=dPys —dPry,

where we in the second line again use dPr; = dE;. Inserting (25) yields

dPj;, = APy — dP; — dQ;.

Inserting (27) yields

. 1
dPH,t = —mth

Linearizing foreign consumption of home goods in (1) gives
dC}(iI,t = —ﬂﬂédP;_},t.

Inserting (32) gives

Hu

dC;iI,t — m

dQ:.

A.1.3 The Linearized Consumption Function

The linearized consumption function is
dC = C#dZ + C'dr + C"dr,
with Jacobians

CZ:a_C Cr:a_c Cra:ac

0Z’ or’ ~oorg

Inserting W; = P ;/u into the definition of labor income gives
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(30)

(31)

(32)

(33)

(34)

(35)



Taking a first-order approximation of this yields

dZt = (1 — T)% (dYt + dPH/t — dPt) — %th

1 1
=(1- T); (dYt T ﬁ (det) - ﬁth’

where we have used (27) in the second line. Inserting this into the linearized con-

sumption function in (35), it follows that

1 1 a
dc=(1- T)ECZ (dY — 3 i zde) - ﬁCZdT + C'dr + C" drj. (36)
D
To proceed we use that the valuation effect at time 0 is given by rj = P OPJE,DO — 1. If we

iterate forward on the equity pricing condition, we have

pP — Dy 11 n Di» n Di3
Pl () (L) () (L) (Treg) 7

implying that that the equity price is a function of the sequences of dividends and
real interest rates; pP = pP ({Ds,rs}o ). Since 74 is a function of dividends and the
equity price, we also have rj = r{ ({DS, rs}soio). Linearizing rj w.r.t. inputs, we then

obtain

drt — L <dD0—|— le i dDz 4 dDg )

°" Ds T+r (1412 (1+r)°

Dss 1 & 1 - 1
- d]/o —|— d}"l + ces .
pD ( T & aen™  aer Bary )

S
We can then use pL) = % and %HZ;”:O <1+rr> = 1+rr1 - = %leﬂ = 1 to obtain

1+r

7 dDs dD> dDs3
drt = — | dDg + + +
’ Dss( Tl T )

1 1
_ <d1’0(1+r) —f—d?’lm—...) .
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We can define the following vectors:

p r 1 1
= — (1, ,

I’-—( 1 1 1 )
N+ a4+ a4+ )]

to get
dr® = Jldr + JpdD.

Using Py = pW; and Y; = N;, we can write dividends as:

PriiY; — % PrYe 1\ P
Di=(1-1) B =(1-7) ( ) L

orin sequence space:

dD = (1— 1) (1—%) (dPy — dP + dY) — <1—i> it

-0 1) (-5 2500) - o)

where the last line uses (27). Returning to the consumption function, (36), we then

get:

o

1—«
o

1—«

dc=(1— rss)%cz (dY - dQ) — %Czdr + C'dr + C'dr?

=(1— TSS)%CZ (dy - dQ) — %Czdr + (C"J; + C") dr + C"JpdD.

Upon rearranging and defining

1 1
M = <1——) C'J, + —C?,
w) P
R=(CJ,+C),
we obtain
dC=(1—t)M (dY = —*d4g— —1 ) +Rrd
- 5 1—« 1 — Tes "
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Note that 755 = 0, so dT = dT, yielding

o
11—«

dC =M (dY - dQ — dT) + Rdr. (37)

A.1.4 Main Proof
Linearizing goods market clearing gives
dYt = dCH,t + dC;iI,t —|— th
Inserting equations (27), (28), and (34) gives
nu
dYt = (1 — lX)dCt + ﬂDCth + mth + th

:(1—zx)dct+§_“

— azxnth + dG;.

Writing this in sequence space and inserting for consumption from (37) yields:

zmde +dG

dY = (1 —a) [M(dY — dT) — %MdQ + Rdr} + f

— dG — (1 — &)MdT + (1 — &)Rdr + ﬁ Zmy - ocM} dQ + (1 —a)MdY. (38)

This is the expression from Proposition 1.

Before proceeding, we find it useful to rewrite this expression by exploiting some

properties of the model.

A.2 Additional Building Blocks
We now state some building blocks for the next proofs.

1. The real UIP condition implies
dQ = — (1 +r) ' U(dr — dr*). (39)
Proof. Linearizing the real UIP condition implies

d?’t = d?’;k + (1 + 1’) (th—H — th)
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Iterating on dQ; yields

8

dQ: =

—dry).

Writing in the sequence space gives (39).

2. The Jacobian R can be written (see Lemma 1, p. A-34, in Auclert et al,,
2024a)*

R=—(I-M)(1+r)'u. (40)
3. The risk premium on foreign borrowing in (3) implies
dr* = enpad NFA. (41)
4. The net foreign asset position and net exports are related by

NFA; — NFA;_1 = NX;+r_1NFA;_1 &
dNFAt = dNXt —+ (1 + T’)dNPAtfl,

using that NFA; = 0 in steady state. From this we can conclude that
AdNX =0 <« dNFA = 0. (42)
Proof. Start from households” budget constraint:
Ci+Ar=Q0+r))Ar 1+ Z;.
Insert the definition of NFA; and Z; = (1 — ;)w¢Ny:
Ci+ NFA; + pP + By = (1 +#7)(NFA,_1 + pP | + Bi_1) + (1 — 1) w;Ny.

Insert for (1 — 1 )w; N; from the definition of D;:

Ci+ NFA; + PtD + By = (1 + T?)(NFAt,1 + ptD—l + Btfl) + (1 — Tt)—'Yt — Dy.

24. The Jacobian R in our notation is equivalent to (1 + ) M" in the notation of Auclert et al. (2024a)
since they define dr slightly differently by dividing each element by 1 + r.
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Lett > 0. Then, r{ = r;_1, so
D D Py
Ci+ NFAy+py +Br = (1+7r-1)(NFA;—1 +pyq+Bi1) + (1 — Tt)TYt -D; &
t

P
Ci+ NFA; 4+ pP + By =Dy +pP + (1 +71,_1)(NFA;_1 +B;_1) + (1 — ) I’;” Y; — Dy,
t

using the firm equity pricing condition. If instead t = 0, using period-0

revaluation yields:
P
Ci+ NFA;+ pP + By = Dy + pP + (1 +r,-1)By1 + (1 — rt)%yt — Dy,
t

which is the same as for t > 0 due to NFA,s = 0. Canceling terms yields for
allt=0,1,...:

P
Ci+ NFA;+ By = (1+7_1)(NFA,_1 4+ B;_1) + (1 — Tt)%Yt.
t

Insert the government’s budget:

P P
C:+ NFA: + (1 + rt—l)Bt—l + %Gt — T II;Lth = (1 + rt—l)(NPAt—l + Bt—l)
t t

P
+ (1 — Tt)%Yt
t

P P
Ci + NFA; + %Gt = (14 7_1)NFA,_ + %Yt.
t t

Finally, using goods market clearing and the definition of net exports gives

NFAt = (1 + thl)NFAt71 + NX;.

. Net exports can be written as

2—« «
= — — . 4
ANX (1_“1704 1_“) dQ — adC (43)
Proof. Net exports are given by
Py, Pr
NXt — TtCH’t Pt CF,t'
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Linearizing yields

dANX; = (dPH/t — dPt)CIfl,ss + dc;l,t — (dPF,t — dpt)CF,ss — dCF,t-

Insert expressions for relative prices in terms of Q; from (27):

b4 X k
dNXt = — |:mCH,SS + CF,SS:| th + dCH,f - dCF,t.

Insert then expressions for dCr; and dCj; ;:

X *
ANX; = {1 — CH s T Cr SS] dQ; + 1;7_—(XC dQt — adCy + anCdQy

1

[«
:_ 1_“/x—zx+17]—+my}Cth—ocht
2 —« o

= 1 _“aq — 1—06} dQy — adCy,

[ «
= __ 1— (XCF,SS - CF,ss + WT“C + “UC} dQy — adCy

ol ocC—sz+’7_—“C+myC} dQ; — adCy

where we have used that Cj; = Crand C =1duetoY = C+ Gand G = 0.

A.3 Proof of Propositions 2 and 3

We treat the cases of active and passive monetary policy in turn.

A.3.1 Active monetary policy We have
dr = dr* + ¢ydY, ¢y > 0.
Using (39) and (40) we then have

_ Py
4Q = ;" uay,

Rdr = —143 (I — M) UdY + Rdr*.
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Inserting this in (38) implies
QdY =dG — (1 —a)MdT + (1 — ) Rdr", (45)

where

QEI—(l—a)M+<(1—a)(I—M)+2

T M ocM) u

1+7r

2_
:I—(l—oc)M+<1—zx—i—1 ‘

Dﬂ]—M) Uﬂ

—u 1+7

For & — 1 or # — oo we have that

o0 o o0 o0
Oy 0 o o0

QO— | Q31 Oz o0 ,
Qp Qg o«

for finite ();;. Unless dY — 0 the left hand side of equation (45) explodes, while the

right hand side is bounded for any bounded solution.

Figure A.1 shows how the multipliers of the RANK and HANK models converge as «
increases. In the limiting case of « — 1, output converges to 0 at all points in time, i.e.,
dYRA = dYHA = 0 for all t. More generally, it is seen that the two models feature very
similar multipliers for values of « significantly smaller than 1, including for realistic
values of a around 0.5.

Figure A.2 reports the fiscal multipliers of the RANK and HANK models for a range
of values of . Both multipliers (and hence, the difference between them) converge
to zero in the limiting case of 7 — oo, i.e., dYR* = dYHA = 0 for all t. The difference
between the two multipliers is already modest at more conventional levels of 7,
although the gap becomes notable when 17 — 0 (oz, in general, when 7 < 1).

A.3.2 Passive monetary policy We now have

dr = 0. (46)
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Figure A.1: Fiscal multipliers in HANK and RANK varying openness

Note: The figure shows the present-value cumulative multiplier in the HANK and the RANK models (left panel), and the
difference between them (right panel), as functions of the openness parameter, . The cumulative fiscal multiplier is computed
over 5 years, i.e. T = 20in (17).

We guess that the solution is dr* = 0. Using (39) we then have
dQ = 0. (47)
Inserting (46) and (47) in (38) we obtain
dY =dG — (1 —a) MdT + (1 — a) MdY.

We then have
lim dY = dG.

a—1

In HANK, dr* = 0 is true by assumption. In RANK, we insert (46) and (47) in (37) to
get

(94

dCzM(dY—l dQ—dT) + Rdr

= M (dY — dT).

Since the RANK model features Ricardian equivalence, we have MdT = MdG,
implying dC = 0. From (43) we have dNX = 0, and from (42) we then also have
dNFA = 0. This verifies the guess of dr* = 0 using (41).
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Figure A.2: Fiscal multipliers in HANK and RANK varying the trade elasticity

Note: The figure shows the present-value cumulative multiplier in the HANK and the RANK models (left panel), and the
difference between them (right panel), as functions of the trade elasticity, 77. The cumulative fiscal multiplier is computed over 5

years, i.e. T = 20in (17).

A.4 Proof of Proposition 4

Assume monetary policy follows the active rule (44), and 17 = 1. Assume further that

the budget is balanced, dG = dT.
We guess that:

1. dY = dG + 1+.dQ.

4

2.dr* =0.

Using (40) and (39) we then have

Rdr = — (I - M) (1+r)" tudr
= (I-M)dQ.

(48)

Inserting this, dG = dT and the guess for dY in (38) implies

dY =dG+ (1 —a)M (dY —dT) + (1 — ) Rdr + {1

=dG+ (1—a)M(dY —dG) + [1—1x+i

—dG+ MdQ + [L—M} dQ

11—«
—dG+LdQ
a 1—a
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Figure A.3: Decomposition of output (dY) when a« — 1 and ¢y =0

Note: The figure shows the decomposition of the response of output from Proposition 1 for the HANK and RANK models when
« — land ¢y = 0.

This verifies the guess for 4Y.

We now insert (48) and the guess for dY in (37), using again that dG = dT:

dc:M<dY—1fadQ—dT)+Rdr
1 o
= MdQ + (I — M)dQ
— dQ.

Inserting this in (43) with 7 = 1 implies ANX = 0. From (42), we then have iNFA = 0.
This verifies the guess of dr* = 0 using (41).

Figure A.3 shows the decomposition from Proposition 1 with passive monetary policy

and « — 1. Figure 1 in the main text shows the corresponding decomposition with
active monetary policy.

A.5 Intuition behind Proposition 4

To build intuition for the result in Proposition 4, it is useful to recall the national
accounts identity for GDP, measured in units of the domestic CPI:

P
Yy =G+ G+ NX,,
t
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with NX; defined as in Section 2. Linearizing, and writing this in sequence space:

dY = dC + dG + %dg +dNX, (49)

where we have used that d <Ppitt) = —75,dQ; from (27). With a unitary trade elastic-
ity, the income and substitution effects from changes in the real exchange rate exactly
offset each other, and net exports remain constant, INX = 0. The economy thus
behaves almost like a closed economy: Changes in domestic real GDP comes from

either private consumer demand, public spending, or movements in relative prices:
dY = dC +dG + —*—dQ.

Figure A .4 displays the contribution from each of the channels to output in the HANK
and RANK model. We know from Proposition 4 that the output responses are equal in
the two models. Notably, Figure A.4 shows that the contributions from each channel
in (49) are also identical across the models. We can further decompose the response of
consumption in the two models into contributions from labor income, Z;, and the real
interest rate, ¢, see Figure A.5. In the HANK model, the total consumption response
is driven by both the income and intertemporal substitution effects, although the
former dominates, whereas in the RANK model, most of the response is driven by
intertemporal substitution. Nonetheless, the aggregate response of consumption is
the same in the two models. This is effectively an application of the equivalence result
for monetary policy found in Werning (2015), who showed that the aggregate effects
of monetary policy in a closed economy are identical in HANK and RANK when i)
the intertemporal elasticity of substitution is 1, and ii) individual income in HANK is
proportional to aggregate income. Both conditions apply here. To summarize, the

equivalence arises due to three different assumptions:

¢ The assumption of period-by-period financing implies that the multipliers
in HANK and RANK would be equal in the absence of a monetary policy

reaction in a closed economy, see Auclert et al. (2024c).

* Given that the economy is open, active monetary policy affects the real
exchange rate, and therefore net exports. The assumption of a unitary trade
elasticity # = 1 implies that net exports do not move, and the economy

resembles a closed economy in this regard (see Cole and Obstfeld, 1991).

* The assumption of a unitary intertemporal elasticity of substitution then im-
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plies that we can leverage the result in Werning (2015) to obtain equivalence
between HANK and RANK despite having active monetary policy.
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Figure A.4: Decomposition of output using (49) withy =1

Note: The figure shows the decomposition of the response of output proposed in (49) for the HANK and RANK models when

7 = 1 and the government maintains a balanced budget.
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Figure A.5: Decomposition of consumption in HANK and RANK with 7 =1

Note: The figure shows the decomposition of the response of consumption for the HANK and RANK models when 77 = 1 and

the government maintains a balanced budget.

A.6 Multipliers in the Stylized Model

Figure A.6 reports the cumulative fiscal multipliers underlying Figure 4 separately

for

the HANK and RANK models.
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Figure A.6: Fiscal multipliers in the stylized model

Note: The figure shows the cumulative fiscal multipliers in the HANK and RANK models in the stylized setting, i.e. M4 (left
panel) and MR (right panel). The cumulative fiscal multipliers are computed over 5 years, i.e. T = 20 in (17).
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B Model with Capital: Details

This appendix provides the details regarding the version of the model extended
with capital formation. In this case, domestic firms produce using Cobb-Douglas

technology with labor and lagged capital as inputs:
Yy = N/ KKK

Labor is rented from households at wage rate w;, while capital is rented from capital
firms at price K. Firms optimize subject to monopolistic competition. The first-order
conditions are:

1Py Yy

WB N

K= Kl Pr,t+1 Y1

p Py K

wy = (1 —ag)

Firms’ (pre-tax) profits are then given by

P
D/ = %Yt — w;N; — rKK,_; — F.

Capital firms invest and rent capital to final goods firms. Their profits are given by
DF = KK, 1 — I, — F,

where Fj is a fixed cost set to ensure that profits are zero for the capital firms in

steady state. Capital firms maximize the discounted sum of profits facing a virtual

L\ ¢ (L 2
f(m)ﬁﬁ”) /

subject to the law of motion for capital

adjustment cost of

K = (1 - 5K> K1+ I

Denoting by Q! the Lagrange multiplier on the capital accumulation constraint, the
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Lagrangian can be stated as:

L= ;dt { [VfKtq — I _f(It/It—l)It} - Qf {Kt - (1 - 5K> Ki1— If}}/
where

di=1+r)t...(1+r_1), fort=12,...

is the discount factor. The derivative w.r.t. investment is

oL 0 0
oL = —dy — dta—j;:lt —dify +d;Ql — dt+1£;;;11t+1

Iy Iy ¢! ( I )2
=—dy—d I(——l)——d— ——1
T T ) e 2
I 1 (I I\’
+di Qi +dip (| — 1) | |
I I
where we have defined the short-hand f; = f(I;/I;—1), and we have used that
ofr 1 It 1
oL ¢ (It—l 1) Iy
aft+1:_4)1 ﬂ_l In ’
ol Iy I; ’
Setting this equal to zero and dividing by —d; yields
I; I ¢ 2
0=1+ ’( —1) —(——1)
¢ I It It
+

+
1 I
I 1 I+
Q- 1

Qs 1‘|‘T’t¢ ( I )

Rearrange to get:
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The derivative w.r.t. capital is:

oL
K diiarie — deQf +dria (14 65)Q) .
Set this to zero and divide by d;:

1
I _

[(1 ~05)Q1 + 7’£<+1} :
In steady state, the first FOC implies that
Qs =1.
The second FOC then implies that
rfs = ¥ + oK,

We assume that overall capital is a CES good assembled from domestic capital goods
(owned by domestic firms) and imported capital goods using CES technology iden-
tical to the one used by households. With a dynamic elasticity of substitution this
gives:

1 \1-r
Ir, — NI I 5L — (5l P ﬁ 77
Ft = Wy pF,t ts pF,t - PF,t—l PI 4
t

-1 Py p [I—I ¢ =y
Al Al Al ! ’
Iy = (1—wy) (PH,t> L, Puy= (PH,t—1) <?> ’
t
where wy is the steady-state share of investment goods imported from abroad. We
assume that the price of imported final goods and investment goods are equal such
that Pé,t = Pr;. The price of domestic investment goods is simply P}ﬁ = Py
Goods market clearing is
P P
Yi = Cr+Cip+ Ge+ Iy + 5 F + 5—Fe.
' Py Py t

The adjustment cost does not appear here, as it is virtual. For the calibration, we set a
standard capital share of ax = 0.33, while we set 6K = 0.05/4 and ¢! = 9.6 following
Auclert et al. (2020). We assume that the import share of investment goods equals
the import of share of final goods, w; = «, since investment goods display a high

66



import content empirically, see e.g. Christiano et al. (2011), who report an import
content in Sweden of roughly 43%. We calibrate the level of these import shares to
match the same overall level of imports to GDP as in the baseline model. This gives
w; =« = 0.68.
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