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Abstract

I study the transmission of cost-push shocks in a small open economy using a Het-
erogeneous Agent New Keynesian (HANK) model. Compared to the canonical
Representative Agent New Keynesian (RANK) model, I show that a HANK model
with empirically realistic marginal propensities to consume out of income (MPCs)
and sticky wages introduces an additional transmission channel: An increase in
inflation following a cost-push shock suppresses real wages, which suppress ag-
gregate demand when the MPC out of labor income is greater than the MPC out
of profits, highlighting the distributional role of inflation. I then compute the op-
timal monetary policy response to an increase in import prices. I find that a more
hawkish response is optimal in HANK compared to RANK. This is driven by low
short-run trade elasticities combined with positive exchange rate pass-through to
import prices, implying that an exchange rate appreciation can stabilize inflation
and real wages without significantly lowering domestic employment.
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1 Introduction

Recently many advanced economies have experienced large surges in inflation brought
about by higher import prices (see left panel in Figure 1). Rigid nominal wages imply
that households have experienced a decline in real wages and income (see right panel
in Figure 1), leading some economists to dub the recent situation as a ”cost-of-living
crisis”.! This reduction in real income imply that inflation may have a direct effect on
aggregate demand and on welfare. In this paper I study the transmission of inflation
through real income on aggregate demand, and evaluate the implications for optimal
monetary policy in a small open economy (SOE).
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Figure 1: CPI inflation and real wages in selected European countries.
Left panel: Annual CPI inflation for selected countries obtained from the OECD. Right panel: Real hourly wages in

manufacturing, defined as nominal hourly wages deflated by the consumer prices index, both obtained from the OECD. This
series is indexed to 100 in January 2021.

I consider a New Keynesian model for a small open economy featuring incomplete
markets (Bewley 1986; Imrohoroglu 1989; Huggett 1993; Aiyagari 1994), and sticky
nominal wages (Erceg et al. 2000). To flesh out the transmission from inflation to ag-
gregate demand I first consider a stylized scenario where the central bank implements
a "neutral” monetary policy amounting to keep the real interest rate constant (Auc-
lert et al. 2023b), and study a shock which is purely redistributive in nature: A do-
mestic markup shock. In the representative agent model with a fixed real interest rate,
this shock has no effect on aggregate demand and output because the entire transmis-
sion occurs through the monetary policy response to inflation, see e.g. Bodenstein et
al. (2013) or Auclert et al. (2023a). I establish that a domestic markup shock which
increases inflation has a contractionary effect on aggregate demand when wages are
sticky and the aggregate marginal propensity to consume (MPC) out of labor income

ISee e.g. Schnabel (2022).



is greater than that of profits. A corollary of this is the representative agent model
- which typically features an equal MPC out of labor income and profits - features a
zero response to markup shocks. This result arises since markup shocks are by nature
purely redistributive shocks. Building on the insights from a markup shock, I consider
a more general shock which in addition to the redistributive effects discussed above
also has direct effects: A foreign cost-push shock in the form of an increase in the price
of imported materials used in production. Unlike the markup shock, this shock is not
purely redistributional within the domestic economy since it also acts as a transfer
from the small open economy to the rest of the world. Hence this shock has a direct
effect which can affect aggregate demand even when labor income and profits are dis-
tributed equally and their MPCs are positive. I show, however, that in the empirically
relevant case in which the MPC out of labor income exceeds that of profits, the majority
of the transmission to domestic demand still occurs through the distributional channel
arising from a decline in the real wage.

The effect on real income also has normative implications in the HANK model.
Since poorer households generally exhibit a higher marginal utility of consumption,
the social planner implicitly weights the consumption of the these households higher
in the optimal allocation under a utilitarian welfare function. Because these house-
holds simultaneously are less able to smooth consumption in response to income shocks
due to borrowing constraints, this leads to a larger incentive for the planner to stabil-
ize real income than in the corresponding representative agent model. I compute the
optimal monetary policy response under commitment to a foreign cost-push shock in
a quantitative HANK model. In the baseline small open economy model I find that
the optimal monetary policy response is more hawkish compared to the optimal policy
with a representative agent. This is unlike the results obtained in the literature on op-
timal policy in closed, economy HANK models, which tend to find a more accommod-
ating policy in HANK (Bhandari et al. 2021; Smirnov 2022; Bilbiie 2024), or roughly
the same response as in RANK (McKay and Wolf 2023; Davila and Schaab 2023). 1
show that the optimal monetary policy response depends on a non-trivial interaction
between incomplete markets (i.e. income inequality and borrowing frictions), the ex-
change rate pass-through to import prices and the sensitivity of net exports to exchange
rates. The main mechanism is as follows: In the open economy the social planner ex-
hibits market power over the supply of domestic goods through aggregate demand
management, and may therefore manipulate the terms of trade (Corsetti and Pesenti
2001). When net exports are relatively inelastic w.r.t relative price movements - as is the
case empirically (Boehm et al. 2023) in the short run - it is possible for the social plan-
ner to engineer a large appreciating of the domestic currency (which reduces import
prices) without reducing net exports too dramatically through expenditure switching. I
demonstrate that this mechanism lead to different optimal policy allocations in HANK
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and RANK. In HANK the planner prefers to engineer this appreciation in order to
reduce domestic inflation and stabilize real wages, which has large welfare gains for
households who are likely to be borrowing constrained and therefore cannot smooth
consumption in response to declines in real income. In RANK this motive is not present
since agents are able to smooth consumption in the absence of borrowing constraints.
In extension I show that optimal monetary policy in HANK is even more hawkish
policy in the presence of foreign currency debt (De Ferra et al. 2020) and cyclical in-
come risk (Bilbiie 2020, Acharya et al. 2023).

1.1 Related literature

The paper connects to several strands of literature. First and foremost I relate to the
literature analyzing the transmission of shocks in New Keynesian business cycle mod-
els with heterogeneous agents (HANK models). A vast number of papers have high-
lighted the importance of a high average MPC in the transmission of various shocks,
see for instance Kaplan et al. (2018), Hagedorn et al. (2019), Auclert et al. (2020), Luet-
ticke (2021), Auclert et al. (2023b) for closed economy models and De Ferra et al. (2020),
Druedahl et al. (2022), Oskolkov (2023), Auclert et al. (2024b) for open economy mod-
els.

I also relate to the classic literature studying oil and energy price shocks in the
context of a small open economy with a representative agent. Mendoza (1995) and
Kose (2002) use quantitative business cycle models to evaluate the effect of foreign
price shocks on domestic business cycles. Bagaee and Farhi (2024) provides a general
treatment of supply shocks in an open economy. Rotemberg and Woodford (1996)
study the transmission of oil price shocks in a neoclassical growth model with focus on
imperfect competition. Blanchard and Gali (2007) formulate a New-Keynesian model
with a real wage rigidity, and use it to explain the differences in empirical responses of
the US economy to oil price shocks in the 1970s and the 2000s.

Additionally, there is small number of papers that also investigates the effects of
inflationary shocks in HANK models, see Cravino et al. (2020), Yang (2022), Pieroni
(2022). The closest related paper is Auclert et al. (2023a), who analyses the effects of
higher energy prices on aggregate demand in a SOE HANK model. In contrast to my
paper, their analysis features constant markups and do not consider optimal policies.
Diz et al. (2023) highlight the role of relative price/wage stickiness in a TANK model,
but focus solely on demand shocks. Bobasu et al. (2024) study the transmission of
energy price shocks in a HANK model with focus on non-homothetic preferences over
domestic and foreign goods.

My paper is also related to a string of papers that compute optimal monetary policy
in HANK models (Bhandari et al. 2021, Le Grand et al. 2021, Nufio and Thomas 2022,
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Acharya et al. 2023, Davila and Schaab 2023, McKay and Wolf 2023 and Acharya and
Challe 2024). All of these papers focus solely on the closed economy, the one excep-
tion being Acharya and Challe (2024), who take a more analytical approach with a
focus on cyclical income inequality, whereas my focus when computing optimal mon-
etary policy is more quantitative in nature.” Additionally, they focus on shocks to
productivity and capital flows, whereas I focus on cost-push shocks. Chan et al. (2024)
study energy price shocks in a TANK model and find that the optimal monetary policy
is less contractionary with borrowing constraints. The main differences between our
models are that their model features no inequality, full home bias in consumption and
a positive net foreign asset position, and is therefore less sensitive to the exchange rate
channel studied in Auclert et al. (2024b). Chen et al. (2023) study optimal monetary
policy in a two-country TANK model. Corsetti and Pesenti (2001), Benigno and Be-
nigno (2003) and Faia and Monacelli (2008) study optimal monetary policy in open
economies featuring terms-of-trade externalities with a representative agent.

2 Model

This section describes the baseline heterogeneous agent New Keynesian model used
in the rest of the paper. I consider a small open economy inhabited by a continuum
of households and firms. Households consume domestic and foreign tradeable goods
and may save in foreign or domestic government bonds due to free capital flows sim-
ilar to Obstfeld and Rogoff (2000) and Gali and Monacelli (2005), but are subject to
idiosyncratic earnings risk and credit frictions as in Bewley (1986), Imrohoroglu (1989),
Huggett (1993) and Aiyagari (1994). Domestic firms produce a tradeable good using
labor and imported materials subject to nominal price frictions. Unions have market
power and decide on the labor supply of households subject to nominal wage frictions.
There is no aggregate risk; only unanticipated aggregate shocks which materialise at
date zero, after which all agents in the economy have perfect foresight with respect to
aggregate variables (MIT shocks).®

2This is also reflected in the formulation of the household block. Acharya and Challe (2024) use
a Blanchard-Yaari type model augmented with hand-to-mouth consumers which permit analytical ag-
gregation. I use the standard incomplete markets model following Bewley (1986), Imrohoroglu (1989),
Huggett (1993) and Aiyagari (1994).

3This assumption does not matter for the results in Sections 3-4 which utilize first-order approxim-
ations around the deterministic steady state, but is necessary for the computation of optimal policy in
Section 5.
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2.1 Households

While the analytical results I present in section 3-4 are general and require almost no
structure on the household problem, it is useful to have a baseline model in mind
for the numerical examples and the quantitative analysis. The economy consists of a
continuum of households with unit measure. Households are subject to idiosyncratic
income risk e (described in detail in the calibration section). Households can save in a
domestic mutual fund but cannot insure against idiosyncratic risk due to incomplete
credit markets. A household with existing asset position 2 and idiosyncratic earnings
e chooses consumption ¢ and savings a’ optimally by solving the recursive problem:

Vi(e,a) =maxu (c) —v (L) + BEViq(e,a") (1)
s.t.

c+a =1+r)a+Zie+g(e)Il;—1(e), ()

a >a, (3)

where Z; = Wp;ft denotes real labor income (the product of the real wage W;/P; and
labor supply L;), r{ is the real return on assets, I1l; denotes real profits received from
firms, and 7 (e) denote a lump sum tax raised by the government. Profits in (2) are
distributed according to a function g (¢) which depends on earnings e and integrates to
1, f g (e) dG; = 1, where G; denotes the time t endogenous distribution of households
over states.*

The functional forms of the utility functions are given by:

e

u(c) =Inc, v(Ly) = (’,‘1 n

7

<=

where ¢ measures the disutility of supplying labor, and ¢ denotes the Frisch elasticity.
Aggregates are defined by:

C; = /ct (e,a)dgG; (e, a), A = /at (e,a)dg; (e, a) 4)

Consumption basket. Consumption of goods C; is a CES aggregate over foreign and
domestic goods with elasticity of substitution #:

1 FR =Ly
Ct = {MCFZ + (1 —a)7 CH'ft] :

4In Section 3 I will vary the distributional rule g (e) to illustrate the role of profit incidence in the
model.
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The demand functions for Cg t, Cr+ are then given by:

P\ " Pr,\ 7
Cry=(1—a) (%) Cs, cFlt:a<Pi:> Cy, (5)

where Py 4, Pr are the prices of domestic and foreign tradeables in domestic currency
units, and the CPI (%) is defined by:

1
I-y

1- 1—
P = [(1-a)Py," +apy,"] (6)

I assume a law of one price such that Pr; = &;Pr,, where P}, denotes foreign exports
prices and £ denotes the nominal exchange rate. Note that with this convention, an
increase in £ indicates a nominal depreciation as in Gali and Monacelli (2005).

2.2 Supply side

The supply side is mostly standard. Firms produce output Y; using labor and materials
subject to monopolistic competition. Materials may be either purchased domestically
or imported from abroad.

Representative competitive producer. There is a representative competitive produ-
cer who aggregates the output of a continuum of monopolistically competitive firms
using CES technology with elasticity of substitution €”:

1 eP—1 %
Y, = {/ Y; (i) di] .
0

Optimization implies a standard demand curve for differentiated products:

Y, (i) = (M) V. @)

Pp

where Py ; is the price of home output.

Monopolistically competitive firms. The representative competitive producer pur-
chases goods from a continuum of monopolistically competitive firms. In anticipation
of a symmetric equilibrium, I drop the index i from here on out. The production tech-
nology of these firms is described by a CES function, where output Y; is produced



using labor L; and intermediate goods X;:

v
v—1

1 v 1 v=l|v-T
Y = {DCELtV +(1—ap)v X,V ] . 8)

Labor is rented from unions at the nominal wage W;. Denoting by Px; the price of
intermediate goods, the first-order conditions for input demands are:

W —V
Ly =uap (M(t?t) Yi,

Px:\ "
X; = (1 — “L) (M(’:t) Y;,

where MC; denotes the nominal marginal cost of producers. The overall input of inter-

mediate goods X; is a CES of materials produced by firms themselves (Xp ;) and from
foreign producers (Xr,), i.e. imports:

B
X; = {a;’ngﬂ + (1 —ax)

< |-
e
|
N

| S
A

4

©)

Domestic intermediate goods are purchased at the relevant output price while foreign
intermediate inputs cost Py , in foreign currency. The implied demand for intermediate

inputs is:
P -y
XHt = &x (%) X, (10)
Xt
&P\ Y
Xps = (1 - ax) ( - X't) f (1)
Xt

In Sections 4-5 I will study a shock to the price of foreign imports Py , as a source of
cost-push shocks.

Pricing friction. Firms choose prices and quantities subject to the demand function
(7) and subject to a price adjustment cost a 14 Rotemberg (1982) given by %n%l,th. Op-
timization yields a New Keynesian Philips-curve relating inflation 7t ; to real marginal
costs mc; = MC;/ Py and markups:

Pl
g't —> + B i1 (14 7T i), (12)
t M

(14 ) = (mct —

where k¥ = g—i denotes the slope of the Philips-curve, and y is the steady state markup.



Profits. Profits of domestic firms - measured in units of the CPI - are given by:

Prp P,
Iy =—Y;— —L — Xy — — Y 13
t P, t P, t P, t 27TH,,f t (13)

2.3 Labor supply and wage setting

Labor supply is determined by unions as in Erceg et al. (2000), Schmitt-Grohé and
Uribe (2005). There is a continuum of unions, and each household i provides 4‘/ ; hours
of work to union k. Total labor supply of household i is then ¢;; = [ Ei." ; dk. Each union
assembles individual labor supply to a union-specific task L = | ei,tfi‘(, ; di, and aggreg-
ate labor supply is assembled from these union-specific tasks using a CES technology:

Vo1 evgvvil
L = (/ (L’f) W dk) ,

where €V > 0 is the elasticity of substitution between labor types. Union k maximizes

the discounted sum of future utility of its members, less a virtual Rotemberg adjust-

ment cost on nominal wages:

2
tg)ﬁt (/{u (ci (e,a)) —v (Li)} dGr (e, a) — g <V\V/\t’itkl _1> ) ,

The problem yields a symmetric solution such that all unions choose the same wage,

and all households supply the same amount of labor within each sector. The solution
is characterized by the following New Keynesian wage Phillips curve:

w w\ _ W M w W w
7Tt <1+7Tt)—K {U’ (Ct)wtﬂ Lo+ By (1+7Tt+1>/ (14)

where U’ (C;) = [ eu’ (¢t (e,a)) dG; (e, a) denotes the aggregate, productivity-weighted
marginal utility of consumption, the wage markup is u" = eve\,—vil, and the slope is

. w
defined as ¥V = S—W.

2.4 Financial assets and capital flows

The assets of domestic households are administrated by a mutual fund which invests

in either government domestic bonds B in fixed supply or foreign bonds B* in infinite

supply. The foreign bond pays i} in foreign currency units whereas domestic bonds

pay i; which is the nominal rate set by the domestic central bank. Free capital flows

then implies a nominal UIP condition 1 + i = (1 4 i) 52—? Defining the real exchange
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rate Q; = % we may rewrite this as the real UIP condition:

147 = (1+i*)%, (15)
Q:
wherer; = 1};:11 — 1is the ex-ante real interest rate. Note that equilibrium in the asset

market implies A; = B; + B. I define the net foreign asset position as the difference
between domestic asset A; and the supply of domestic bonds B, NFA; = A; — B, which
also implies NFA; = B}.

2.5 Monetary policy

The domestic central bank controls the nominal interest rate i;, which is related to the
1+i;
147141
analysis I assume a neutral monetary policy stance which aims to keep the domestic

ex-ante real interest rate through the Fisher relation 1 4 r; = . In the baseline

ex-ante real rate constant, r; = r (see Auclert et al. (2023b) for a similar approach). This
may be interpreted as a Taylor rule with coefficient 1 on expected inflation. I return to
the role of monetary policy in Section 5.

2.6 Government

The government supplies bonds B and raises taxes T; to pay interest on issued bonds.
The budget constraint is given by:

T = i’tB.

2.7 Exports

Foreign demand for domestic goods Cy ; is a standard Armington demand function:

Ph\
,t <PF’t)

: P
I assume a law of one price such that Pj;; = —¢*.

2.8 Market clearing and equilibrium

Market clearing in the economy is given by:

. p; 6F
Yi — Xpp = Cr + Clyp + Ettfn%*'tyt' (17)
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The general equilibrium of the model is defined as follows:

Definition 1 (Equilibrium in the small open economy.). Given a sequence of shocks {y, Px ; },
an initial household distribution over assets and earnings Go(a, e), and an initial portfolio alloc-
ation between foreign and domestic bonds, a competitive equilibrium in the domestic economy

is a path of household policies {c (a,e) ,a’ (a,e)}, distributions G(a, e), prices:

{Et/ Qtl Pi’/ PH,t/ PF,t/ Wi’/ PtX/ it/ rt}
and quantities:
{Ct/ CH,t/ CF,t/ At/ Ytl Xf/ XH,t/ XF,t/ Lf/ Hf/ NFAtl B;k}

such that all households and firms optimize, the central bank sets monetary policy according to
the chosen rule, and the goods market clearing condition eq. (17) holds, while the asset market
clearing condition Ay = B} + B holds residually by Walras’s law.

2.9 Representative agent economy

I compare my results for the HANK model to those obtained with a textbook repres-
entative agent model. Here aggregate consumption follows the Euler equation:

' (Ce) = B (1+rf) u' (Cra)

with g = %H in steady state. Additionally, the marginal utility term in the wage
Philips-curve is replaced by the marginal utility of aggregate consumption (U’ (C;) =

1/C with log preferences).

2.10 Calibration

I calibrate the model to target the average small open economy in the OECD.” Table 1
displays the calibration. For the household block the Frisch elasticity of labor supply is
set to a standard values of 0.5. The discount factor B is calibrated to match an aggregate
MPC out of a uniform lump sum transfer of 0.51 following Fagereng et al. (2021). In
Figure 2a I plot the dynamic MPCs in the model following a one time unexpected
transfer against the estimated MPCs from Fagereng et al. (2021). The model overall
replicates the empirical evidence well. In Figure 2b I plot the corresponding dynamic
MPCs following an increase in aggregate real labor income Z. The first-year MPC is
slightly lower than the transfer-MPC at 0.38 because Z loads more on rich households

5The sample used is described in detail in Druedahl et al. (2022).
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who have lower MPCs. The MPC out of labor income will be a central object in the
analysis in the remainder of the paper.
For the earnings process e I follow Bayer et al. (2019) and Gornemann et al. (2021)

in introducing an entrepreneurial (or “superstar”) state in the earnings process e. In
Cit

f éi,t dl 4

particular, define e as the normalized version of &, ¢;; = where:

exp {0°¢;_1 + ¢}  with probability 1 —vife,_1 # 0

W\
R\,
Il

1 with probability tife;_; =0
0 Else,

where ¢} is mean zero normal innovation. This captures that idiosyncratic income of
workers follow an AR(1) process in logs with persistence p¢ and standard deviation ¢*.
With probability v they become entrepreneurs and receive no labor income, but instead
earn firm profits. With probability : they exit the entrepreneurial state and return to
the worker state, starting with median earnings. I fix the probability of leaving the
entrepreneurial state : to 1/16 per quarter as in Bayer et al. (2019), so as to match
the probability of dropping out of the top income percentile is the US (Guvenen et
al. 2014). The assumption that entrepreneurs receive the entirety of firm profits implies
the following form of g (e)°:

0 ife A0
g(e): 1 . 4
ife=0

where 71¢ is the CDF of e. I calibrate the entry probability v to match an aggregate, an-
nual MPC out of profits of 4%. Chodorow-Reich et al. (2021) estimate an annual MPC
out of stock returns of 3.2% using US data. Andersen et al. (2024) estimate an annual
MPC of 4% using Danish data. Figure 2c plots the aggregate quarterly MPC out of a
one-time increase in profits against the estimated, dynamic response from Andersen
et al. (2024). The overall response is relatively flat because rich households - who are
the ones that have claims on firm profits - act as permanent income households, and
thus smooth consumption extensively. Overall, this fits the empirical evidence well.

For the tax function 7 (e) I posit that households are taxed in proportion to total
income (both labor and profits):

P R

f (]1{6:0} NI;—(;) + e) ¢ (e) de

T(e) =1

®The results are robust to alternative modelling choices, such as having profits paid out in proportion
to wealth as in the mutual fund setup of Hagedorn et al. (2019).
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Figure 2: Marginal propensities in the calibrated model

On the supply side I fix the steady state markup at a standard value of 20%, as is
common in the literature. I follow Nakamura and Steinsson (2008) in setting the slope
of the price Philips-curve to x” = 0.1. For the elasticities of substitution in production
I follow the estimates in Boehm et al. (2019), who find evidence of little substitution
between factors in the short run following a supply shock. This leads me to set the
elasticity of substitution between labor and materials to their preferred estimate v =
0.03. This rather low value is consistent with related papers that study inflationary
shock such as Auclert et al. (2023a), Chan et al. (2024). I discuss the implications of a
higher elasticity in Section 4. Regarding the elasticity of substitution between foreign
and domestic materials I fix this at i = 0.5 also following Boehm et al. (2019), whichis a
standard value in the literature. Regarding the cost-structure I calibrate the input share
of labor a}, to match the average cost-share of labor in the sample OECD countries. This
yields residually spending on total materials X;.

For the unions I fix the slope of the wage Philips-curve to «"V = 0.01 following Sbor-
done (2006) and Schmitt-Grohé and Uribe (2006), reflecting relatively sluggish nominal
wage adjustment. The wage markup is set equal to the markup of firms (20%) as in
Smets and Wouters (2007).

The remaining parameters of the model concern trade. I set the elasticity of im-
port/export demand 7 to 2, which is standard in the literature.”. I calibrate the size of
foreign economy a* such that steady state exports amounts to 42% of GDP. I assume
the net-foreign asset position (and net exports) are 0 in steady state. I fix the share
of imports in domestic household’s consumption basket at 25%, a« = 0.25 following
Christiano et al. (2011). The share of imported materials by firms is then calculated
residually such that aggregate imports constitute 42% of GDP. This yields ax = 0.83,
such that firms imports 17% of materials.

7T return to the exact value of this elasticity in Section 5
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Parameter ~ Description Value  Source/Target

Households
@ Frisch 0.5 Chetty et al. (2011)
B Discount factor 0.981  MPC =0.51 (Fagereng et al. (2021))
0° Persistence of idiosyncratic shocks 0.966  Floden and Lindé (2001)
o Std. dev of idiosyncratic shocks 0.13 Floden and Lindé (2001)
a Borrowing limit 0 Standard value
Firms
U Firm markup 1.2 Standard value
u Wage markup 12 Standard value
xP Slope of Philips curve 0.1 Nakamura and Steinsson (2008)
T Slope of wage Philips curve 0.01 Sbordone (2006) and Schmitt-Grohé and Uribe (2006)
v EOS between labor and intermediate goods 0.03 Boehm et al. (2019)
EOS foreign and domestic intermediate goods 0.5 Boehm et al. (2019)
ap Spending on labor input 0.35 % = 0.35 (OECD average)
ax Spending on domestic materials 0.83 Imports = 42% of GDP (OECD average)
Trade
li% Imports of final goods 0.25 Christiano et al. (2011)
ot Exports 0.42 NX = 0in steady state
n EOS between foreign and domestic goods 2.0 Standard

Table 1: Calibration

3 Transmission of Inflationary Shocks

To highlight the main channel investigated in the paper - the relative effects of wage/price

stickiness and the interaction with limited insurance and high MPCs - the initial ana-
lysis focuses on a pure inflationary shock, namely a temporary increase in the desired
markups of domestic firms. In Section 4 I extend the analysis to a more general cost-
push shock.

For tractability in the derivation of analytical results, I focus on a special case where
labor and materials are perfect complements, v — 0. Given the estimates from Boehm
et al. (2019), which underlie the calibration used, this is not an extreme approximation
when focusing on short-run dynamics. Secondly, I assume that only imported materi-
als are used in production along with labor, ax = 0. Finally, I assume that there are no
wealth effects on labor supply. This is in line with empirical evidence which usually
find small wealth effects; see Gali et al. (2012) for a way to micro-found this. These
simplifying assumptions are only used in the analytical derivations, and do not apply
in any of the numerical illustrations, figures which use the full quantitative model from
Section 2.’

8This assumption is not important for the analytical results, but does help with exposition.
9 All analytical results apply approximately in the full model, reflecting that these assumptions con-
stitute only a minor deivaiton from the quantitative model.
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3.1 Markup shocks

I start by considering a markup shock - an exogenous change in y in the Philips-curve
(12) - which is often found to explain the majority of variation in inflation at the busi-
ness cycle frequency in closed economies.'” For the baseline analysis I assume a neutral
stance of the domestic central bank in the sense that they keep the domestic real rate
constant (as in Auclert et al. 2023b) at the steady state level, r; = r. Note that in the
standard 3-equation New-Keynesian model the entire transmission of markup shocks
to the real economy derives from the response of the central bank to inflation." This is
because domestic demand is driven entire by intertemporal substitution, or what Ka-
plan et al. (2018) call the ”direct effect” of monetary policy. Hence the assumption of
a constant real rate eliminates the main transmission channel present in the standard
NK model to more clearly highlight the distributional dynamics which are the focus
here.

The analysis is centered around the goods market clearing condition (17). Lineariz-
ing and applying the assumption of a constant real interest rate, which implies a con-
stant real exchange rate Q; = Q by the real UIP condition (15), yields that changes in
domestic output equals the change in domestic consumption spend on home goods:'?

dYt = (1 — DC) dCt, (18)

where dx; = x; — x represent deviations from steady state for some variable x. Given
a constant real rate the aggregate consumption function C; depends only on the se-
quences of real labor income {Zs}: , = {%Ls}w_o and profits {ILs}o,, i.e. C; =
Ct ({Zs, 115} ). Stacking variables in vectors dC = (dCp,dCy, . ..) the linearized con-
sumption function can be written as dC = MZ#dZ + M!'dIT where MZ,M!! are the
sequence-space Jacobians of aggregate consumption w.r.t labor income and profits re-

spectively:'?

7 97, 9T, oIl
MZ_ | G | o | ea ea
- 0Zy 974 ’ - oIy dIL;

Here the entry M({O corresponds to the quarterly MPC out of labor income and so forth.
Note that the conventional MPC estimated in the literature is the change in consump-

10Gee Smets and Wouters (2003), Smets and Wouters (2007), Del Negro et al. (2015).

1This is true to first-order. At second-order or higher inflation generates a resource loss from adjust-
ment (Rotemberg) or misallocation (Calvo) depending on the specification of the pricing friction.

12See appendix A.1 for the derivation.

13Gee Auclert et al. (2023b) for more details on the existence of the consumption function, and the
sequence-space Jacobians.
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tion given a one-time unexpected lump-sum transfer (e.g. Shapiro and Slemrod 2003;
Johnson et al. 2006; Fuster et al. 2021; Fagereng et al. 2021). As we shall see the relat-
ive level of M?, M!! will have important implications for the transmission of markup
shocks. Combining the linearized consumption function with the definition of profits
and goods market clearing I obtain the following proposition:

Proposition 1 (Equilibrium relationship between output and profits). Given a sequence
of markup shocks {ps } o, the equilibrium relation between output and profits is given by:

1
——dY = g M%dY — [M7 - M"T] a1l (19)
1—u« S — ’
Multiplier by tvibutional channel

Proof: appendix A.2.

Proposition 1 implies that the response of output to a markup shock depends on
a multiplier term and a distributional term relating to changes in profits. Given a
constant real rate the distribution effects are the fundamental source of propagation
following the shock. In particular, with a representative agent - which typically fea-
tures M% = M!! - the distributional effect is zero, and the solution to (19) is Y = 0.
Hence the proposition highlights exactly why a markup shock has no effects (besides
the effect through monetary policy) in the basic NK model featuring a representative
agent. The same insight holds in more general HANK models which features an equal
incidence of labor income and profits across the population. In this case the marginal
propensities may be positive MZ > 0,M!! > 0 but to the extent that they are equal,
M? = M, redistribution is neutral in the aggregate, and the markup shock has no
effect on aggregate demand. This is summarized in corollary 1:

Corollary 1. If the model features an equal incidence of labor income and profits, and therefore
delivers equal marginal propensities to consume out of labor income and profits, M? = M1,
the markup shocks have no effect on real output, dY = 0, under a neutral monetary policy
stance, dr = 0.

Moving onto the more general case where M% # M!!, we see that if the MPC out of
labor income is greater than that of profits, as the data suggests, M? > M!!, an increase
in firm markups, which increase profits dII > 0, will suppress aggregate demand and
generate a contraction in terms of domestic output, Y < 0.

Figure 3 displays the responses to a markup shock that increases inflation by 1%
on impact in a baseline RANK (M? = M!! = 0) model, a HANK model with equal
incidence of labor income and profits M?% = M > 0), and a HANK model with
unequal incidence (the baseline model - M? > M'! > 0). Specifically, the Figure plots
the responses of real labor income Z, aggregate output Y, inflation 7t and real profits I1.
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For both the RA and HA model the increase in desired markups causes firms to raise
prices further above marginal costs hence generating inflation. Given nominal wage
frictions, this drives down the real wage and increases firm profits. The two models
then differ in how aggregate demand and output respond to these changes. In the RA
model (left panel) with a neutral monetary policy stance aggregate consumption and
output does not respond since the MPC out of transitory income changes is zero. The
middle panel shows that even with positive and large MPCs the response of aggregate
demand and output is zero in HANK when the incidence of labor income and profits
are equal (corollary 1). Hence the RA and HA models are equivalent for a domestic
markup shocks in this special case. If we consider the empirically realistic case where
the aggregate MPC out of labor income is greater than that of profits (rightmost panel)
the redistribution caused by inflation is not demand-neutral and the model therefore
delivers a significant drop in domestic demand and output, i.e. stagflation.

RA (MZ=M"=0) HA equal incidence (M#=M" > 0) Base HA (MZ > M" > 0)

1.0 — 7 1.0 1.0
—— Y
n

0.5 e T 051

0.51

% diff. to s.s.
% diff. to s.s.
% diff. to s.s.

0.0 0.0

0.0

-0.51 -0.51 —0.51

0 6 12 18 24 0 6 12 18 24 0 6 12 18 24
Quarters Quarters Quarters

Figure 3: Effect of markup shock in RANK and HANK

Note: Impulse responses to an AR(1) shock to the domestic markup with persistence 0.8. The shock is normalized such that
inflation increase 1% on impact. The Figure shows real labor income Z (red), real output Y (dark blue), CPI inflation 7t (grey) and
real profits IT (orange).

Two-agent model. The transmission occurring through factor income redistribution
is very clear in the case of a two-agent model a la Gali et al. (2004) where the matrices
MZ, M have closed form solutions. Assume that a share A of households are finan-
cially constrained with the remaining 1 — A share being permanent-income type house-
holds (implying an aggregate MPC of A). Constrained households receive a share § of
aggregate profits such that / = A implies an equal incidence of profits across the pop-
ulation. These assumptions imply M? = ATl and M!I = AT = 41. Equation (19) then

takes the simple form:
1

from which it is evident that A = d yieldsdY = 0and A > é implies dY < O for 411 > 0.

17



MPCs across the population. Additional intuition for the mechanisms present in eq.
(19) can be provided by re-writing it in terms of covariances as follows:'*

1

de = lXLMZdY — [COVi (Mi, ei) — COV,‘ (Ml‘,g (61))] dl_[, (20)

where M; is the the Jacobian of consumption w.r.t a uniform lump-sum transfer for
individual 7 in the population.

Each of the the terms here corresponds exactly to the terms in (19). Focusing on
the second term on the right-hand side, eq. (20) shows that the differential M% — M!!
corresponds exactly to the differential of two covariances: The population covariance
between intertemporal MPCs and idiosyncratic income and the covariance between
intertemporal MPCs and the profit incidence function.'. If profits tend to be distrib-
uted towards low MPC households more so than labor earnings, then eq. (20) implies
that an increase in profits has contractionary short-run effects. Figure 4 displays the
effects on inflation, real wages and consumption varying the covariances gap in (20),
or equivalently, the difference between the Jacobians M? — M!! by changing the profit
incidence function g (e). As the profits become more equally distributed in the popula-
tion the gap M? — M!! lessens, and the contractionary effect on consumption becomes

smaller, converging to zero when M? = M!! as per corollary 1.
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Figure 4: Responses to a markup shock with varying profit distribution across the
population

3.2 General equilibrium

So far I have taken the response of aggregate profits dII as given. Solving the model
for dIT and substituting into eq. (19) characterizes the full general equilibrium solution

14See appendix A3 for the derivation.

15For the purpose of this exposition, I assume that the covariance operator Cov (X, y) which takes
a matrix X and a scalar y as input gives as output a matrix which is simply the element-by-element
covariances between X and y.
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for output. This operation requires writing the New-Keynesian Philips curve (12) and
wage Philips curve (14) in sequence-space:

dPy = k¥ (dmc + dp) (21)

AW = kW (ng - dw) , (22)

where the bold letters k', k" are the Philips curve pass-through matrices (Auclert et
al. 2024a).'° Note that even though these are matrices, they are proportional to the
slopes of the respective Philips curves and so k” = 0 = k" =0, 3%1: > 0 etc. To
compactly solve for the general equilibrium response of the model it is useful to define
the pass-through matrix of markup shocks to markups " as well as the pass-through matrix

of employment to markups OF.

Definition 2. The pass-through matrix of markup shocks to markups is defined by:

-1
o = [I T W ocLWnP] Wi (23)

Similarly, the pass-through matrix of employment to markups is defined by:

“1atW
LW W

ol = — [I + &+ [XLWKJP} , (24)

P

where k¥, kW are the slops of the Philips curves (21)-(22), «r is the share of labor used in

production, ¢ is the Frisch elasticity, and W is the steady state wage rate.

The markup pass-through matrix @ captures the effect of an increase in desired
markups y (or equivalently, in marginal costs) on the markup (defined as prices over
nominal marginal costs, Py ;/MC;) through the two Philips curves (21)-(22). If we
consider simple, static Philips curves of the form dW; = KW (%de - dwt>, dP; =

kPdmc; with only labor used as input dmc; = dw;, then the entries in ® are constant
and given by % The numerator captures the direct effect on markups from an
increase in ¢ (markups increase by the shock times the pass-through to prices k), while
the numerator captures the feedback loop occurring through the wage Philips curve.
When prices go up due to the shock, this reduces the real wages appearing in the wage
Philips curve, thereby raising nominal wages by «"V. This raises the marginal costs
of firms, which causes firms to once again raise prices by x”. The fixed point of this

161f the discount factors in the Philips-curves equal 0 then these matrices are simply given by k” =
kP x U, k" =« x U where U is an upper-triangular matrix with ones above the diagonal, and zeros
below. The more general expressions are derived in appendix A.4. Note that to simplify notation the
markup shocks dpu = (dug,dp,...) in (21) are defined as dy; = V;;”. This is just a matter of scaling

given linearity.
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interaction is exactly . With fully flexible prices the pass-through is one, while with
fully flexible wages the pass-through is zero. @' captures the same logic following
an increase in labor supply.!” An increase in labor supply puts upwards pressure on
nominal wage growth by exactly " /¢. This raises marginal cost of firms, who in turn
raise their prices by x”. This causes a decline in the real wage, whereby unions raise
nominal wages again. The fixed point of this interaction is exactly — % Note that
this is negative since with sticky prices an increase in inputs such as labor generates
temporarily lower markups.

3.2.1 General equilibrium solution

With the notation from Definition 2 in place, the following proposition characterizes
the full general equilibrium solution for output:

Proposition 2. The equilibrium response of output dY to a markup shock is:
dY = —M [MZ . MH} X OF x dp, (25)
where the Keynesian general equilibrium multiplier M is:

M= {(1-a)ay) '1-MZ - [MZ—MH] (@L—%L”T_l)]l.

Proof: appendix A.5.

Proposition (2) highlights simultaneously the importance of the MPC differential
M? — M discussed earlier as well as the importance of nominal price and wage fric-
tions (captured in @) as they determine the response of profits dII.

More flexible prices (k" 1) will lead to a larger pass-through from markups to
prices. In the presence of nominal wage frictions (k" < oo) this will lead to a de-
cline in the real wage and higher profits (larger ®"). The drop in real wages suppress
aggregate demand and output if M? > M!'L Similarly, more flexible wages (k" 1)
will imply a small drop in real wages as any drop in real wages will be met by larger
nominal wage increases according to the wage Philips curve (14). This will stabilize
aggregate demand since M? > M!! and output fluctuations will be dampened. These
mechanisms are summarized in the following proposition:

Proposition 3 (Price and Wage flexibility). Consider the response of aggregate output (25)
to a markup shock. If M? > MU then:

1771 thi . ~ L . /¢
In this stylized example the entries of @ are given by —1—57"5.
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(i) Increasingly flexible prices amplify the output effects of the markup shock g‘%{ < 0, while
rigid prices dampen the shock. In the limit with completely rigid prices we have @V = 0,
and the general equilibrium response of output is zero:

lim dY =0 x dpu,

kP =0

while with fully flexible prices there is full pass-through, @ = I:

lim dY = —M [MZ _ MH} S m

xP —o0

(ii) If prices are not completely flexible, k* < oo, increasingly flexible wages attenuate the
output effects of the markup shock 5’,‘3—35 > 0, while more rigid wages amplify the effects of
the markup shock. In the limit with completely flexible wages we have @ = 0, and the
general equilibrium response of output is zero:

lim dY =0 x dpu.

W =00

Proof: Appendix A.6.

Figures 5 and 6 illustrate Proposition 3 numerically. Figure 5 shows that a lower
degree of price stickiness amplifies the markup shock by generating a larger inflation
response, which for given nominal wages generates a larger real wage drop. Hence
price flexibility amplifies the redistribution from workers to firm owners which sup-
presses aggregate demand. With sufficiently sticky prices, inflation does not move and

the shock has no effect.
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Figure 5: Transmission of markup shock with varying degree of price stickiness

Figure 6 correspondingly shows that a larger degree of wage flexibility attenuates
the response to the shock. In the limit with completely flexible wages real wages re-
main unchanged even though the equilibrium outcome features a larger inflation re-

sponse. Since real wages are unchanged the effect on aggregate demand is completely
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neutralized. Note that for wage flexibility to matter it is necessary that prices are not
completely flexible k” < oo, since in that case the markup is exogenous and simply
equal to the shock dp. In this case wage flexibility cannot affect the cyclicality of
markups, and even completely flexible wages will not be sufficient to stabilize the real

wage.
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Figure 6: Transmission of markup shock with varying degree of wage stickiness

3.3 Model extensions

I here briefly cover some natural extensions to my framework, and discuss their im-

plications for my results.

Wage indexation. Proposition 3 highlights the importance of real wage dynamics for
the transmission of the shock in models with distribution effects. A natural remedy to
stabilize real wages in volatile inflation environments is to index nominal wages to CPI
inflation (e.g. Fischer 1976). In Appendix B.1 I solve the model with wage indexation
and demonstrate that a higher degree of wage indexation dampen the output effects
of the markup shock. Full indexation perfectly neutralizes the effects of the shock
similarly to the case with fully flexible wages covered in Proposition 3.

Wage-price spirals. A common argument against wage indexation is that it fuels
additional inflation, which may induce a wage-price spiral (Lorenzoni and Werning
2023). This mechanism is also present in my model when I introduce wage indexation,
see Figure A.1. Still the full-information rational expectations (FIRE) assumption un-
derlying the model, rules out any explosive scenarios where current inflation is driven
by increasing expectations of future inflation. I here consider an extension of the model
where I allow for diagnostic expectations following Bianchi et al. (2023). I find that
with diagnostic expectations the effects of the output effects of the markup shock are
amplified. Wage indexation can still stabilize real wages and demand, but at the cost

of excessive inflation.
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Fisher effects. A mechanism often brought up in the context of large inflation surges
is the redistribution that occurs between borrowers and savers when debt contracts are
nominal (see e.g. Auclert 2019; Nufio and Thomas 2022; Brunnermeier et al. 2023). The
baseline model assumes that households save in real assets, and thereby sidesteps this
channel. In Appendix B.4 I introduce nominal bonds into the economy to incorporate
Fisher effects. I find that the Fisher effect dampens the initial output response due to
the redistribution from savers to borrowers, but that the output effects in the following
periods are amplified. The initial amplification occurs because the time 0 MPCs of
borrowers are larger than the those of savers. Still, since savers tend to have larger
intertemporal MPCs the output response in the following periods gets amplified.

4 Foreign Cost-Push Shocks

While the markup shock considered in section 3.1 is a very direct inflationary shock it
is also special in the sense that it is a purely redistributive shock, and hence only affects
aggregate demand when households differ (corollary 1). In this section I consider in-
stead a foreign cost-push shock corresponding to an increase in the price of imported
materials used in production (Py , in equation (11)). Since a share of domestic resources
goes abroad to pay for the imports there is an aggregate resource loss in the small open
economy, and so the shock can have real effects even in the absence of heterogeneity,
M!! = MZ. The aim of this section is to understand how important the distributional
effect of inflation turns out to be in a setting where the shock also has more direct
effects.

Preliminaries. The baseline analysis assumes that the domestic central bank keeps
the domestic real rate constant, implying that the real exchange rate is also constant
given the real UIP condition (15). It turns out that if we consider a foreign inflation
shock that increases foreign CPI and the price of foreign inputs equally, dPp, = dPy,
then the assumption of a constant real rate implies that the nominal exchange rate takes
the entire adjustment of the shock and the domestic economy is entirely unaffected.'®

This result can easily be broken by considering an asymmetric shock which features
a larger increase in the price of foreign inputs compared to the foreign CPI, dPy , >
dPr ;. In this section I consider the special case where dPp; = 0,dPy, > 0 but given
linearization the shock can be interpreted as an increase import prices over and above
the increase in foreign CPIL

18See Appendix B.5.
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4.1 Analysis

Consider now a shock to the import price of materials Py ; > 0. The difference between
this shock and the markup shock can be seen in the following proposition, which gen-
eralizes eq. (19) to the case of a foreign cost-push shock:

Proposition 4 (Equilibrium relationship between output and profits). Given a sequence

of foreign cost-push shocks {dP)*(’t}oo the equilibrium relation between output and profits is

) s=0
given by:
1
dY = a; MZdY — [MZ - MH} 4Tl — (1 — ) MZdP; (26)
11—« —— —- >
Multiplier Distributional channel Direct effect

Proof: appendix B.6.

Proposition (4) shows that even with an equal incidence of labor income and profits
M!! = M?, the cost-push shock has a contractionary effect on domestic output to
the extent that MPCs are positive, M/ = M? > 0. In this case the dynamics of the
real wage and profits do not matter because both have the same effect on aggregate
demand, and one can solve for the GE output response independently of the Philips

curves:

Corollary 2. If there is equal incidence of labor income and profits, M1 = M?, then the
output response to a foreign cost-push shock is:
I 1

_ . H_ . I1 *
Y=g gm M (1— ) MUdP;

and thus contractionary if M1 > 0.

Corollary 2 suggests that any heterogeneous agent model with M!! = M% > 0
will feature contractionary foreign cost-push shocks even with M? = M, contrary
to domestic markup shocks. Figure 7 illustrates this in the quantitative model. The
leftmost panel shows that for the RA model there is no effect on output since M? =
M!! = 0, and the central bank keeps the real interest rate fixed. The middle panel
shows that with positive MPCs but an equal profit/labor income incidence output
drops but only modestly."”

9Tn the HANK model with equal incidence I calibrate the MPC out of labor income to 4% annually,
which is the MPC out of profits in the baseline model, cf. Section 2.10.
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Figure 7: Effect of a cost-push shock in the RA and HA models

Note: Impulse responses to an AR(1) shock to a foreign cost-push shock with persistence 0.8. The initial increase in import prices
is 10%.

For the more general case where M? # M!, the full general equilibrium solution
for output is given in Proposition 5.

Proposition 5. The equilibrium response of output dY to a foreign cost-push shock is:

Y =-MS M 4 (MZ-M") " (1 - ) dPy 27)

v N ~~ >y
Direct effect  Distributional channel

where:

M= [((1 ) ar) 1M - [MZ . M“} @L} -

is the general equilibrium multiplier of output.
Proof: appendix B.6.

Proposition 5 highlights that the effect of a cost-push shock is composed of a direct
effect proportional to the aggregate MPC out of profits and a distributional term, which
resembles the distributional term obtained for markup shocks in Proposition 2. The
rightmost panel in Figure 7 shows that in the case where M? > M!! the cost-push
shock generates a significant contraction in terms of output, similar to the case for the
domestic markup shock. In particular, the distributional channel account for roughly
75% of the decline in output over the first year.

4.2 Price and wage flexibility

For the markup shock considered in Section 3 fully flexible wages was a sufficient con-
dition to neutralize the effects of the shock, dY = 0, because wage flexibility eliminated

the distributional channel. This logic does not necessarily carry over to the cost-push
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shock: While flexible wages stabilize real labor income by avoiding large fluctuations
in real wages, it does so at the cost of a larger drop in profits. If M'! > 0 the domestic
economy may exhibit a recession even under flexible wages because profits decline. In
Proposition 3 I derive the analytical solution of the model to a cost-push shock under
flexible wages:

Corollary 3. The equilibrium response of output dY to a foreign cost-push shock under flexible
wages is:

dY = — [((1 —a)ar) I (1—arp) M — “LG’?MZ} TMUT( ) dPy (29

Unlike the markup shock flexible wages are not sufficient to fully neutralize the ef-
fect of the cost-push shock on output because profits decline, and they affect aggregate
demand by exactly M. Still, if M!! has small initial entries the overall impact is smal-
ler than the case with sticky wages, for the same reason laid out above: MPCs out of
labor income tend to be larger than those out of profits.

For completeness Proposition 4 highlights the response under flexible prices. Com-
pared to the response under flexible wages there is larger direct effect captured by the
term a; M? — because real wages decline more initially — but a smaller general equi-
librium multiplier. The smaller multiplier arises because markups are constant when
prices are fully flexible, and so the feedback loop between the two Philips curves is
shut down. Thus — unlike the markup shock — there is ambiguity as to whether the
responses are smaller or larger with flexible prices vs. flexible wages.

Corollary 4. The equilibrium response of output dY to a foreign cost-push shock under flexible
prices is:

Y=~ (-0 T-M"] {0 a) M M} (1) dBy 29)

Figure 8 compares the impulses in the baseline model with those under flexible
wages and flexible prices respectively. Fully flexible prices amplify the output effects
of the shock due to a large decline in real wages, as with the markup shock. With
tully flexible wages the output effects are smaller, but more persistent, reflecting that
the shock is concentrated on firm owners who have low, but persistent MPCs as seen

in Figure 2¢.%

Note that the drop in consumption is larger than the direct “partial
equilibrium” effect of profits on consumption M!! x dIT would suggest because the
overall effect is scaled up by the general equilibrium multiplier, which is larger due to

higher MPCs out of labor income. This is exactly the intuition behind eq. (28).

20The inflation response is negative in the case with flexible wages because the drop in demand is
very persistent. With a fully forward looking Philips curve the future decline in demand dominates the
initial increase in costs and firms reduce prices.
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Figure 8: Cost-push shock and nominal rigidities

Note: Impulse responses to a foreign cost-push shock in HANK in the baseline model, with flexible wages, and flexible prices
respectively.

4.3 Substitution in production

The analytical results assume zero substitution between production inputs, and the
quantitative model assumes a relatively low elasticity of substitution between labor
and intermediate goods (v = 0.03). Figure 9 shows how the transmission of the cost-
push shock changes with the degree of substitutability. As the elasticity becomes larger
firms respond to the increase in import prices by substituting away from materials
towards labor, which is relatively cheap due to sticky nominal wages. This increases
employment thereby stabilizing real labor income and consumption. Thus a necessary
condition for the amplification of the cost-push shock is the presence of sticky wages
and complementarity in factor inputs. A similar point was made in Lorenzoni and
Werning 2023; Auclert et al. 2023a. Note, however, that an implausibly high degree of
substitutability is required for consumption to increase in response to the shock.
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Figure 9: Importance of labor-materials substitution

Note: Impulse responses to a foreign cost-push shock in HANK with varying elasticity of substitution between labor and
materials v. The baseline features v = 0.03.
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5 Optimal Monetary Policy and Foreign Cost-Push Shocks

Sections 3-4 analyzed the transmission of supply shocks, and show that they tend to
be amplified in the presence of household heterogeneity. In this section I analyze what
the optimal monetary policy response is to a foreign cost-push shock, and evaluate how
it is shaped by heterogeneity and the open economy dimension of the model. The sec-
tion constitutes a contribution to a recent burgeoning literature on optimal stabiliza-
tion policy with heterogeneous agents, see for instance Bhandari et al. (2021), LeGrand
and Ragot (2022), Davila and Schaab (2023), McKay and Wolf (2023) and Acharya et
al. (2023). The first section 5.1 briefly presents a simple two-period model which is a
special case of the full model in section 2, and discusses the forces shaping optimal
monetary policy. The second part of the section formalizes the full Ramsey problem
and solves it for the baseline open economy HANK model.

5.1 Stylized model of optimal policy

To understand the trade-offs faced by the social planner when choosing the optimal
policy, I derive the first-order conditions in a stylized two-period model. The model
is laid out in appendix C.1, but is briefly described here. The model is a special case
of the general model presented in Section 2 with the following simplifying assump-
tions: Nominal wages are fixed, domestic households spend a fixed share on foreign
and domestic goods, firms use variable labor and a fixed amount of foreign materials
in production, and domestic firms are owned by foreign households.?! All of these as-
sumptions can easily be relaxed, but they aid in simplifying exposition. The economy
is hitby aggregate shocks in period ¢, and the social planner chooses policy instruments
optimally in this period as well. In period t + 1 and onwards the economy returns to
steady state as in Guerrieri et al. (2021). The aggregate shock is an increase in the price
of imported materials Py ,, as analyzed in Section 4.

5.1.1 Problem of the social planner

Denote by A, (; the Lagrange multipliers on the goods market clearing constraint
and the UIP condition respectively. The optimal policy maximizes the following Lag-

2IThe assumption that firms are owned by foreigners implies M'! = 0 in the notation of Section 3.
This assumption is not necessary for the results, but helps exposition.
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rangian w.r.t {rs, s, Qt, At, (i }:

L(e) = /u(ci (Zs, 1)) di —v (L¢)
+ Ay [(Cl*—l,t (Qt) + (1 —w) /(‘i (Zt,1¢) di+§ﬂ%{,th> — Yt}

+ 0 [(T+77) — (T+7) Qi

where ¢; is the consumption function of household i. Denoting by m% = g%i mi, = aa%f

the change in individual consumption w.r.t real income and the interest rate, the first-

order conditions are:

oL ooy m? 92t 4 Cle oC; 9Z; p Oty 4

—_— = di+A Z 4+ A (1 — + A0 T Y, — 1+r)=0,
50, = (e g Qi A A (L) S S A T = (1)

oL . I BZt aLt _ B BCt aZ,} P anH,t _ 0 2 .
;. [ ay, IV (L) gy, A 1= (Lmw) g7 oy — 05y = 5 e = O
0L ) dC;

iatad= /u’ (cip) miy di +A¢ (1 —a) —di — 7,Q; = 0.

81’,5 or Tt

To understand the intuition for these, I consider a case where the central planner has
access to capital controls (for instance through a tax on foreign bond holdings) as in
Farhi and Werning (2014). This implies that the UIP condition is not binding, {; = 0,
and the planner can effectively choose r and Q separately as controls. The first-order
condition for optimal interest rate setting then reads:

[ Cuymidi = —ri(1-a) o (30)
N— N — t

Loss from higher rate  Gain/loss from low demand

The left-hand side term is the direct effect from a higher interest rate on consumption.
This effect tends to be positive for savers and negative for borrowers, and the aggregate
effect is therefore ambiguous, see Nufio and Thomas (2022). The right-hand side is
the loss (At < 0) or gain (A; > 0) coming from lower demand due to intertemporal
substitution effect on consumption. Using the first-order condition for Y; the multiplier
At can be expressed as:

oL;
b= A | [ (e o Gt (L) 5

=1 1 _(1_p)9509Z _ gP omp, P .
where A;" = 1—(1—a) 57157 — 0 ey — 5 7% - At captures the social value
of an increase in domestic output Y;: An increase in output requires more use of labor
in production and therefore increases real income, the individual value of which is
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u’ (i) m¥. Still, an increase in labor supply also generates disutility of working, cap-
tures by v (L) 55 aL’* . In the quantitative model below I find that A; tends to be positive
in the HANK model (reflecting the social value of higher real income) and negative
in RANK (reflecting primarily the disutility of labor). The first-order condition for the
real exchange rate when the UIP constraint is slack ({; = 0) reads:

OTTH + dC; dwy aCyy

u (ci) m4L Ldi —i—)\tf) TTH + Y} A1 —a) ——1L; = — A\ /

/ L) i faQ e, ALY 5z,50. M 90
Gain from higber real wages  Gain from lower inf. Keynesiar??nultiplier Loss from exp. switching
(31)

The first term represent the gain from generating an appreciation of the real exchange
rate. An appreciation reduces the price of imports in domestic currency, thereby lower-
ing domestic producer prices. This reduces CPl inflation, thereby increasing real wages.
To see this more clearly, the derivative g—Z‘Q”; can be written:

Jw W 3P oP Py
t S, OLFt —i—(l—tx) il,t x Xt
0Q; P; aQt 0Py, 9Q:
Final goods import price Domestic pricesJ

The first term in the brackets captures the effect of an exchange rate appreciation on the
import prices of final goods which enter the consumption basket of domestic house-

holds directly. The second term is the indirect effect on domestic producer prices:

Xt

An appreciation reduces import prlces of materials by 0. This reduces marginal

costs and therefore producer prices by ap* L. The size of thls pass-through depends on
the slope of the Philips-curve. The central insight here is that the strength of the real

wage/exchange rate channel depends on the pass-through of exchange rates to import

oPp, 9P
prices, BQF L, 85:

The second term in (31) captures the welfare effect induced by a lower resource loss
to the extent that an exchange rate appreciation reduces domestic inflation. The third
term is a general equilibrium effect. The real wage gain from an appreciation translates
into higher real income, which increases aggregate demand. The welfare gain (or loss)
from this is measured by the multiplier A;. The final term in (31) relates to expenditure
switching. When the exchange rate appreciates foreign consumers substitute towards
cheaper goods in other countries, thus reducing the demand for domestic goods. In
HANIK this constitutes a welfare loss since the social value of output is positive, A; > 0.

In the general model below there are no capital controls and so the UIP condition
generally binds ({; # 0). This implies that, in addition to the trade-offs explained
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above, the gains and losses from a higher real interest rate must also take into account

gains and losses from exchange rate movements.

5.1.2 Role of heterogeneity and MPCs

In this section I briefly explain how heterogeneity and incomplete markets shape the
gains and losses faced by the social planner. Starting from the first term in eq. (31), an
appreciation generates a real income gain of dZ; = L; 3—8’2' At the individual level the in-
crease in consumption arising from this income gain is mZ, which increases individual
utility by the marginal utility of consumption 1’ (c;). To see how heterogeneity matters
for the optimal policy, note that the marginal social welfare gain from this increase in
real income can be decomposed as:*?
/u’ (cir) m% di xdZ; ~ |u' (Cy) 3—2 + C%War (cit) 3—2 + Cov (u' (cit), mjt) | x dZ
(32)

First, with complete markets households are able to almost completely smooth trans-

itory shocks implying g—% = ngl'i ~ 0, so the marginal welfare gain from an increase

in real income is zero. With positive MPCs (g—% > 0, ngli > 0), changes in real in-
come affect aggregate welfare. The decomposition shows that this gain comes from
three distinct sources. The first term reflects the average consumption gain in the
economy. The second term shows that the gains are larger with heterogeneity (since
Var (cj;) > 0). This is due to the concavity of the utility function, which implies
that a uniform increase in consumption across all households generates larger welfare
gains when there is initial consumption dispersion in the economy. The final term cap-
tures that an increase in aggregate real income has additional welfare gains if house-
holds with high marginal utility of consumption also exhibit higher MPCs (implying
Cov <u’ (cit), %) > 0). In the present model that is the case since poorer households
- who consume less - also tend to be closer to the borrowing constraint.

As noted above the standard New Keynesian model contains none of the terms in
(32). TANK models without consumption inequality such as Chan et al. (2024) contain
only the first term. Models with heterogeneity but without behavioral differences®” - as
in Blanchard-Yaari perpetual youth type models (Farhi and Werning (2019), Acharya
et al. (2023) and Angeletos et al. (2024)) — feature terms 1) and 2) but not 3) since all
households have the same MPC. Standard incomplete market models such as Bewley

(1986), Imrohoroglu (1989), Huggett (1993) and Aiyagari (1994) generally feature all

22Gee appendix C.3 for derivations, and Bhandari et al. (2023), Davila and Schaab (2023) for related
decompositions.
ZThat is, models which feature linear policy functions.
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three channels.

5.2 The Ramsey problem in the quantitative model

I now turn to the quantitative model laid out in Section 2. I am interested in computing
the constrained-efficient allocation. That is, the overall aim is to calculate the monetary
policy response (cast in terms of interest rates) which maximizes aggregate welfare
subject to implementability constraints. Here implementability constraints captures
the notion that the social planner must respect the optimizing behavior of households
and firms when choosing the optimal sequence of interest rates.

I assume perfect-foresight w.r.t aggregates and formulate the Ramsey problem in
sequence-space. To fix notation, let X = (xg, x1,...)" denote endogenous variables of
the model, where x; is an n, x 1 vector and ny is the number of endogenous variables
in the model. Similarly, let Z denote policy instruments, and € denote aggregate (MIT)
shocks. Using a sequence space-representation we can write the equilibrium of the

model as a system of non-linear equations:
H(Z,X,e) =0,

where H contains the residuals of the model equations (1)-(17). Following Aiyagari

(1995) aggregate welfare is defined as the ex-ante utilitarian welfare function:**

W =K, i pt / [u(ct (e,a)) —v (L) dGo (e,a), (33)
=0

where [y is the expectation at time 0 w.r.t idiosyncratic uncertainty. Note here that
even though there is no aggregate uncertainty, uncertainty at the micro level is fully
incorporated in the Ramsey problem. The optimal Ramsey policy solves the following
maximization problem:

max W st H(Z,X,e)=0. (34)
{z X}

Let M denote the vector of Lagrange multipliers associated with the residuals # (e).

The Lagrangian associated with the Ramsey problem is:*’

L(e)=W+MH(Z X,¢). (35)

24The solution procedure can easily incorporate deviations from utilitarian welfare functions.

2] focus on the Ramsey problem cast in dual form, where the social planner explicitly chooses the
optimal level of the instrument. This is opposed to the primal form of the problem used in the optimal
taxation literature (e.g. Chari and Kehoe 1999), where one first computes the efficient allocation among
implementable allocations, and afterwards backs out the instruments which implements that allocation.
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Letting V z, Vx denote gradients w.r.t Z, X, the first-order conditions of the social
planner are:

VWV +VzMH (Z,X,e)
VxW+VxM'H (Z,X,e) =0, (36)
H(Z,X,e€)

To solve the optimal policy problem numerically, I compute the gradients using auto-
mation differentiation.”® 1 solve the households” problem using the endogenous grid
method (Carroll 2006), and approximate the endogenous distribution G using the his-
togram method of Young (2010). Both of these methods are well suited for automatic
differentiation, unlike the more conventional methods such as value function iteration
for the household problem, and stochastic Monte Carlo simulation methods for the
simulation. Given the gradients I proceed and solve the system (36) using a quasi-
Newton solver, supplied with the Jacobian of (36), again computed using automation
differentiation.

Constrained optimal steady state. I first compute the long-run optimal steady state
w.r.t the instruments available to the planner, i.e. the nominal interest rate. As is well
known in the literature, the optimal steady state of a planner that only has the interest
rate as instrument coincides with the zero inflation competitive steady state.”” The
reason is that monetary policy cannot affect the real interest rate in the steady state (this
is determined from abroad by the UIP condition eq. (15)) and cannot generate surprise
inflation to remedy market inefficiencies, so the only effect of a higher nominal rate i
is to drive up steady state inflation 7t through the Fisher equation, which generates an
inefficient resource loss in the form of the Rotemberg adjustment cost. Therefore the
constrained efficient steady state featuresi = i* = r* and 7w = 0.

Time-inconsistency. Even though the long run steady state is (constrained) efficient,
the combination of inefficiencies and forward-looking equations (households’” Euler
equations, the UIP condition etc.) imply that optimal monetary policy is time-inconsistent,
meaning that given the opportunity the social planner will engineer unexpected policy
shocks even in the absence of aggregate shocks in order to temporarily reduce ineffi-
ciencies and raise aggregate welfare. In order to isolate the part of the optimal Ramsey
plan that is concerned with the stabilization of aggregate shocks I focus on a timeless
approach as formulated by Woodford (2003) — sometimes referred to as the optimal
Ramsey policy under commitment. In practice this amounts to fixing the initial values

26T use Google JAX in Python for this purpose.
27See e.g. Gonzdlez et al. (2022) for a closed economy or Faia and Monacelli (2008) for an open
economy.
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of Lagrange multipliers on forward-looking equations in eq. (36) to their steady-state
values, see appendix C.4 for details.

Related methods. A number of different methods have been applied in the recent
literature to compute optimal policies in models with heterogeneous agents. I here
provide a brief overview of the methods, and relate them to my solution procedure.
Bhandari et al. (2021) compute optimal policy in the state-space using numerical per-
turbation methods. The main limitation of their method is that it does not handle
occasionally binding borrowing constraints or non-linearities at the micro level. The
perfect-foresight solution I compute in the sequence-space can handle both of these
tfeatures. LeGrand and Ragot (2022) compute optimal policies in the state-space by
deriving the FOCs of the planner by hand, and then solving these numerically using
Dynare. In the standard discrete time incomplete markets model deriving the FOCs
of the planner is infeasible because it involves differentiating the endogenous distribu-
tion G. They circumvent this issue by using a truncation approach where each house-
hold is described by their history of idiosyncratic states, truncated at some past period.
This implies a finite state-space representation, which makes deriving analytical first-
order conditions feasible. Davila and Schaab (2023) use a similar procedure, but avoid
truncation by working in continuous time, where the law of motion of the endogen-
ous distribution of households has a functional form. The closest related method to
mine is Gonzalez et al. (2024) who study a heterogeneous firm environment. They
work in continuous time, but compute the FOCs of the planner problem using sym-
bolic differentiation. McKay and Wolf (2023) follow the approach in Woodford (2003).
They derive a second-order approximation of the aggregate welfare function around
the efficient steady state, and can therefore use standard linearization techniques to
characterize the optimal policy. The steady state of the HANK model in the present
paper is generally inefficient because of various distortions (incomplete markets, firm
and union market power, terms of trade externalities etc.), and the Ramsey problem
can therefore not be cast in a linear-quadratic form.

5.3 Additional model elements

Before proceeding with the quantitative model, I extend the model in two dimensions
which the first-order condition (31) highlighted as being important for optimal policy

in a small open economy.

Expenditure switching. I extend the model with dynamic adjustment of consump-
tion baskets to match the degree of expenditure switching observed in the data. As
before total consumption of goods C; is a CES aggregate over foreign and domestic
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goods with elasticity of substitution #:

7
-1 =17 7-1

1 1
Ce= |aiCp} +(1—a)1Cy,

I introduce dynamic trade elasticites into the model through delayed substitution us-

ing a Calvo-type mechanism (Auclert et al. 2024b). Let xp; = PHP:gf“ be the share of

spending on domestic goods in units of the CPI. With probability 1 — 8¢ households

may adjust the share of consumption going to domestic vs. foreign goods, and with
probability 0 they are forced to keep the ratio constant until the next period. This
problem leads to the following dynamic, implicit equation for the target ratio xp

C\s 2 (C 77'7;1 o
oo n t+s
XHpe Y=o (.39 ) ol (pF,;-S) (37)
1— J%H,t N o C\$ 1 G ”T_l ’
£ (BOC) (1= a)7 ()
xip = (1= 0°) s+ 0 1,1, (38)

where Xp; is the targeted ratio of xj; when allowed to re-optimize (see appendix C.2
for details and the full solution). Given x ¢ one can calculate Cp ; from the definition
of x . Cp+ can then be calculated from the constraint P;C; = Py ;Cp+ + PrCr ;. Note
that with 8¢ = 0 one recovers the usual CES demand functions. Foreign demand for
domestic goods Cy; ; is modeled similar to domestic demand implying:

p—=171
X = A\ ot [ Gy !
T = po~) (a")7 { ——— , (39)
1—x5, sg() ( ) PH t+s
xie = (1-09) g+ 0. (40)

I calibrate the reset probability 1 — 6 to match the response of trade following a
permanent shock to tariffs found in Boehm et al. (2023), see Figure 10. I first fit a
persistent AR(1) process which I assume to stabilize at a permanent level after 10 years,
see the left panel in Figure 10. Afterwards I feed this fitted shock into the delayed
substitution model and minimize the distance between the model response and the
empirical evidence using the reset probability 1 — 6¢. This delivers ¢ = 0.944, and
provides a good fit to the empirical evidence on dynamic trade elasticities.
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Figure 10: Calibration of short-run trade elasticity

Note: The Figure shows the tariff shock and estimated response of trade flows following Boehm et al. (2023) against the
calibrated model.

Incomplete exchange rate pass-through. The second extension I introduce is a devi-
ation from the law of one price by allowing for incomplete exchange rate pass-through
(EPRT) into domestic import prices. I do this in a simple way where I assume that
tirms and households only update the exchange rate, they apply to imported goods,
with probability 8¢, and otherwise use the exchange rate from when they last updated.
This implies the following evolution of the domestic import price for final goods and
imported materials respectively:

Pre=Pp,0° Y (1-6°) &, (41)
s=0

Pxrs = Py 0% Y (1 _¢f )S & . (42)
s=0

Note that in this simple framework the law of one price holds in the long run.?® To
calibrate the short-run pass-through I rely on the estimates from Campa and Goldberg
(2005) presented in Figure 11. Their estimates suggest large cross-country heterogen-
eity in the ERPT, and are roughly consistent with the newer estimates in Burstein and
Gopinath (2014). In the baseline model I calibrate the ERPT to the median estimate
in Campa and Goldberg (2005), resulting in 6 = 0.59 such that the contemporaneous
pass-through from a 1% change in the nominal exchange rate is 0.59%.

28This formulation also features full pass-through from foreign export prices P} ,, P , into domestic

import prices Pr ¢, Pxr . I opt for this formulation since otherwise a change in the pass-through 6¢ would
also affect directly the transmission of the shock, making it impossible to evaluate the role of the ERPT
in shaping the optimal policy.
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Figure 11: ERPT across countries

Note: Estimates of contemporaneous exchange rate pass-through to import prices from Campa and Goldberg (2005) (red) and
Burstein and Gopinath (2014) (blue).

5.4 Results

This section presents the main results. I compute the optimal Ramsey monetary policy
in the HANK model in response to a cost-push shock, and compare with the results
obtained under a representative agent. The shock is the same as in the previous sec-
tion, an AR(1) shock to the import prices of materials with persistence 0.8. The initial
increase in import prices is 10%.

5.4.1 Closed economy

For comparability with the existing literature, Figure 12 presents the responses to a
persistent cost-push shock under the optimal monetary policy in a closed economy.
The closed economy setting is achieved by setting « = 0 and by replacing the real
UIP condition eq. (15) with the condition Q; = Qss.>” The optimal monetary policy
response is less aggressive in HANK since the social planner has a larger incentive
to stabilize employment and labor income due to the presence of poor households,
resulting in moderate demand stabilization at the cost of higher inflation. This is in
line with the results in Bhandari et al. (2021) and Smirnov (2022) for markup shocks
and Davila and Schaab (2023) for demand shocks. Bilbiie (2024) show in a tractable
closed economy HANK model that the social planner should attach more weight to
the output-gap than inflation, implying more accommodating policy in general. Davila

2In formal terms the economy is not closed as firms still imports materials from abroad, which is the
source of shock. With a constant real exchange rate the price of these imports is constant, so this can be
interpreted as a shock to the endowment of domestic materials instead.
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and Schaab (2023) and McKay and Wolf (2023) find roughly the same policy in HANK
and RANK for cost-push shocks.
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~
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Figure 12: Optimal policy in the closed economy

5.4.2 Open economy

I now turn to the optimal monetary policy in the baseline open economy model. As
seen in Figure 13 the optimal response entails a more accommodating policy in RANK,
whereas the monetary policy response in HANK is more aggressive. The larger in-
crease in interest rates implies a larger reduction in demand as well as a larger ap-
preciation of the real exchange rate, both of which aids in bringing down inflation
significantly compared to the optimal outcome in the RANK model. As the next two
experiments showcase, the short run trade elasticity as well as a positive exchange rate
pass-through are key for this outcome in the HANK model.

Real interest rate (r) CPI inflation () Labor (L) Real exchange rate (Q)

= = RANK
= HANK

0 4 8 12 16 0 4 8 12 16 0 ) 8 12 16 0 4 8 12 16
Quarters Quarters Quarters Quarters

Figure 13: Optimal monetary policy response to a cost-push shock

Expenditure switching. In Figure 14 I recompute the optimal policy in the open eco-
nomy model with varying levels of the (short-run) trade-elasticity by varying the stick-
iness 6€ in eq. (37)-(38), (39)-(40). Recall that with 6C¢ = 0 the elasticity is # = 2 in the
baseline calibration, and declines for larger 6. In HANK (first row of the Figure) the
optimal monetary policy with a low short-run trade elasticity constitutes a large in-
crease in the real interest rate as in Figure 13. Through the real UIP condition, this
implies a larger appreciation of the real exchange rate. This alleviates some of the do-
mestic price pressures since this lowers import prices faced by domestic consumers
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and firms, thereby increasing real labor income, as highlighted in eq. (31). With a
higher trade elasticity this is not feasible for the social planner, since a larger appre-
ciation of the real exchange rate will lead to expenditure switching. This implies a
drop in exports and imports since domestic goods become more expensive and for-
eign goods cheaper, thereby reducing domestic employment and counteracting the
stabilization of real labor income. This highlights that the optimal policy in HANK
effectively leverages the real income channels of exchange rates highlighted in Auclert
et al. (2024b) when the short-run degree of expenditure switching is low. In RANK
(second row of the Figure) the optimal policy also results in a higher real interest rate
under low trade elasticities, but the differences are much less stark. With a higher trade
elasticity both the HANK and RANK model features mildly hawkish policy of similar
magnitude. With a sufficiently high trade elasticity (7 — o) it is optimal to keep the
real rate constant in both models and the optimal policy (but not the allocation) coin-

cide.
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Figure 14: Optimal monetary policy response to a cost-push shock with varying trade
elasticities 7

Note: The Figure shows the responses under the Ramsey plan in HANK and RANK for a varying short-run trade elasticity.
”Low (baseline)” corresponds to 6€ = 0.944, "Medium” to 6€ = 0.7, and "High” to o€ = 0.

Exchange rate pass-through. Equation (31) showed that in the HANK model the so-
cial planner has an incentive to appreciate the exchange rate in order to reduce im-
port prices, thereby lowering domestic inflation and stabilizing real wages. Figure 15
shows the optimal monetary policy responses, varying the degree of exchange rate
pass-through (ERPT) in the model by varying 6¢ in egs. (41)-(42). In the HANK model
the degree of ERPT to import prices is central to the overall magnitude of the interest
rate response. When the pass-through is large, it is optimal for the planner to raise
the interest rate significantly in order to appreciate the exchange rate which reduces
import prices and raises real labor income. With a low pass-through the planner can-
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not affect import prices through exchange rate manipulation, and it is instead optimal
to engineer a relatively weak interest rate response in order to balance the inflation-
employment trade-off. This stands in contrast to the RANK model where the overall
response of the interest rate is much less sensitive to the degree of exchange rate pass-
through.
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Figure 15: Optimal monetary policy response to a cost-push shock with varying ERPT
to import prices

Note: The Figure shows the responses under the Ramsey plan in HANK and RANK for a varying degree of exchange rate
pass-through. “Low” corresponds to 6 = 0.05, “Medium (baseline)” to 6 = 0.59, and “High” to 6% = 1.

5.4.3 Extensions and robustness

Balance sheet effects. De Ferra et al. (2020) showed that when households are lever-
aged in foreign currency this may amplify the effect of exchange rate movements. To
implement this effect in my baseline model I introduce gross debt into the model. I
consider two scenarios: 1) The steady state NFA is negative, and all households are
equally leveraged in foreign currency, 2) The steady state NFA is negative, but foreign
currency debt is concentrated on poorer households, see Appendix C.5 for details. De
Ferra et al. (2020) find that the latter amplifies the effect of capital flows even more
since it produces a positive covariance between exchange rate exposure and MPCs.
For both scenarios I set the steady state supply of foreign credit to 25% of total net
wealth (% = —0.25), and for the second scenario I calibrate the model such that the
average gross debt of households with zero net wealth is 24% of average household
yearly labor income following De Ferra et al. (2020).

Figure 16 displays the results. A negative initial NFA implies that it is optimal to
raise interest rates more since the exchange rate appreciating associated with higher
rates reduces the value of outstanding foreign debt held by domestic households.*

30The opposite is the case when the initial NFA is positive.
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When foreign currency debt is concentrated more on poor households (who exhibit
both higher MPCs and a higher marginal utility of consumption) this channel gets
amplified and the optimal response is even more hawkish.

Real interest rate (r) CPI inflation () Labor (L) Real exchange rate (Q)

%-points diff. to s.s.
% diff. to s.5.

Quarters Quarters Quarters Quarters

== = RANK (NFA = 0) HANK (NFA < 0)
m— HANK (NFA = 0) === HANK (NFA < O w/ variable lev.)

Figure 16: Optimal monetary policy response to a cost-push shock with balance sheet
effects (HANK only)

Cyclical inequality. In this scenario I allow for cyclical inequality following the pleth-
ora of empirical evidence showing that earnings are more volatile over the business
cycle at the bottom of the income distribution than at the top, and that the cross-
sectional dispersion of earnings rises in recessions and decreases in expansions (Guvenen
etal. (2017) and Storesletten et al. (2004)). Thus I follow Auclert and Rognlie (2018) and
assume that real labor income of individual i is given by:

1+§In%
€

— Zi
Zit = I e}+§ln%di
where the elasticity ¢ determines the cyclicality of earnings dispersion w.r.t aggregate
labor income. I follow Acharya et al. (2023) regarding the calibration of ¢, and obtain
& < 0 corresponding to counter-cyclical earnings risk.>! Figure 17 plots the response
under the optimal policy with counter-cyclical risk. Compared to the baseline HANK
model with constant risk, it is optimal to raise interest rates even further initially, such
that the initial inflation response is negative. This occurs due to a large currency ap-
preciation. The reason for this is that endogenous cyclical inequality amplifies the
social value of an increase in real labor income by increasing all terms in eq. (32). The
aggregate MPC out of labor income increases because the labor income of poor, high
MPC households now move more than 1-for-1 with aggregate labor income. Addition-
ally, the covariance terms in (32) also increases since these households also tend to a
higher marginal utility of consumption. Thus the presence of endogenous risk further
strengthens the finding of a more hawkish monetary policy in HANK.

31 Appendix C.6 presents the implementation details.

41



Real interest rate (r) CPI inflation () Labor (L) Real exchange rate (Q)

= = HANK
== HANK + cyclical ineq.

%-points diff. to s.s.

Quarters Quarters Quarters Quarters

Figure 17: Optimal monetary policy response to a cost-push shock with cyclical
inequality

5.4.4 Implications for welfare

As a last exercise I consider the implications of using the optimal monetary policy
response implied by the RANK model in the HANK model.

Figure 18 plots the welfare loss experienced by households across the wealth dis-
tribution in consumption-equivalent units. That is, the Figure shows how much of
annual steady-state consumption households are willing to give up in order to avoid
the aggregate shock.’ I plot the welfare effects in the HANK model for three different
policies: 1) The optimal monetary policy response computed in the baseline HANK
model, 2) A counterfactual where I use the optimal monetary policy rule from RANK
model in the HANK model, 3) A rule without any endogenous monetary policy re-
sponse, implying that the real rate is constant as in Section 3. Under the optimal mon-
etary policy in HANK the aggregate welfare loss corresponds to —0.84% consumption-
equivalents, which is a significant improvement compared to a passive monetary policy
which features a welfare loss of —1.20%. Figure 18 shows that the bulk of the reduced
welfare loss is accounted for by low-wealth households, whereas the households at
the very top of the wealth distribution are actually hurt by moving from the constant
real rate policy to the optimal policy.*® Using the optimal RANK-policy — where rates
increase more than under a constant-r policy, but less than under the optimal HANK-
policy — reduces the welfare loss significantly compared to the constant-r policy, but
less so than using the more hawkish policy obtained in the HANK model.

32See appendix C.7 for details.

33The welfare loss at the top of wealth distribution occurs because the labor wedge u’ (c;;) ej;w; —
v/ (L¢) (which is zero in the optimal allocation) gets more distorted for these households as monetary
policy becomes more hawkish. This effect is limited at the bottom of the wealth distribution because it
is dominated by the welfare effects from the borrowing constraint.
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Figure 18: Welfare effects of three different policies in HANK
Note: Welfare effects under three different policies in the HANK model. "THANK pol.” corresponds to the optimal monetary

policy in the baseline HANK model. "RANK pol.” computes the welfare loss in the HANK model using the optimal monetary
policy obtained in the RANK model. “No response” corresponds to a constant real rate rule.

6 Conclusion

This paper has studied two questions: 1) What is the positive transmission of supply
shocks in a small open economy with heterogeneous agents? 2) How is the optimal
monetary policy response to such cost-push shocks shaped by heterogeneity and open-
ness of the economy? Regarding question 1) I showed analytically that the propagation
of inflationary supply shocks depends crucially on the incidence of profits and labor
income as well as the degree of nominal price and wage rigidities.

For question 2) I showed the that the finding of a more accommodative optimal
stabilization policy in HANK typically found in closed economy settings is fragile in
the open economy as the open economy dimension has the potential to weaken the link
between the policy rate and the demand for domestic goods. This allows the planner to
exploit large appreciations of the domestic currency to alleviate inflationary pressures,
thus stabilizing real income.
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Appendix

A Derivations and Proofs
A.1 Derivation of eq. (18)
Starting from goods market clearing condition (17) and linearizing around the zero
inflation steady state gives:
dYy = dCp,; +dCyy,
Substituting in for dC}; ; from (16):
dYy =dCp — n*a* (de'_‘Lt —dPr )

Using the law of one price dPy; , + d& = dPp ¢, dPrt = d&; + dPr ; and the definition of
the CP1dP; = adPr; + (1 — ) dPp ¢ one gets:

1
dYt = dCH,t — f{x)ﬂ*ﬂé* (dpt — dgt — dP;,t)

1

S dY; = dCH,t + 7’]*06*th

B
(1—a)

. el &P .
where the second line uses the definition of the real exchange rate Q; = tpf 4. Since

the real UIP condition (15) implies dQ; = 0 under a constant real rate policy we have:
dYy = dCpy

Using that dPy; — dP; = th = 0, as well as the fact that equations (37)-(38)

1

reduce to Cpy; = (1 —« ( ) Cy when 1 js constant I obtain:
dYt = (1 — DC) dCt
which is exactly equation (18).

A.2 Proof of Proposition 1

First note that under a constant-r rule the consumption function C; depends only on
the aggregate sequence of labor income and profits, i.e.:

Ct =G ({ZS'H }s 0)

53



or, written in sequence space: dC = C ({Z,I1}). Linearizing and subbing this into (18)

gives:
dY = (1—a) [Mzdz + MHdH} (A1)

To derive Proposition 1 we need to derive an expression for labor income dZ. To do
this we start from the definition of profits (13). Using v — 0 and ax = 0 we have that:

PH,t 5tp)*(,t GP
I, = TtYf — 7 — 7, Y (1 —ar) — 77@/@@
P o
= —lljt't— ;t(l—(XL)—?TIHt] Yf—Zt

Linearizing gives:

dHt = [1 — (1 — DCL)] dYt +d (E) - dZt - (1 - O‘L) dp}*(,t

by
& dlly = (XLde —dZy — (1 — DCL) dp)*(,t
<~ dZt = lXLdYt — dl—[t — (1 — IXL) dP;;’t (AZ)

Assume that we are only interested in a markup shock so dP§ , = 0. Writing (A.2) in
sequence-space and Substituting into (A.1) gives:

dy = (1—a) [MZ w1 dY — dIT] + Mndn}

1LdY = M%u,dY — | M7 - M"!| d1l
— X

which is eq. (19) in the main text.

A.3 Derivation of eq. (20)

Start by writing out eq. (19) at time :

1 o o
dYi =y MAAY, - ) | ME — ML dI,

- s=0 5=0

Define MPC; s as the time t MPC out of a lump-sum transfer at time s and MPC;; ; the
corresponding MPC for some households i in the population. Then, using the budget
constraint (2) we have:

1 (e ) o
——dYy = Y MEAY, - ) { / MPC;; yedG — / MPC; ;' (i, Tss) dg} I,
s=0 s=0
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Let us first rewrite the term | MPC;; ;e;dG using that:
Cov (MPC; 4 e) = / (MPC; s — MPCyy) (e: — ) dG

- / MPC; ;seidG — / ¢;MPCy5dG — / eMPC; ;.G + / eMPC, G
- / MPC;; ,eidG — EMPCy s

Implying that:

/ MPC; 4eidG = eMPCys + Cov (MPCyy s ;)
The derivation is the same for [ MPC;; g’ (a;,I1s) dG term, which gives:

/MPCi/t,Sg/ (a;,11ss) dG = ¢’ (a;,I1ss) MPCyts + Cov (MPC; 5,8 (a;,11ss))

Inserting we have:

Y- |MZ — MIL] dTT, = Y [EMPCys + Cov (MPCyy,€:)] dIT,
5=0 5=0

Z [ (3, ITs) MPCys + Cov (MPCi s, §' (a;, 11 ))} AT,
Z MPC; (e —-g (ai,HSS)> dIl;

Z [Cov (MPC;;s,e;) —Cov (MPCits, 8" (a;,11ss)) | dls
Since the Markov chain of e; has mean 1 we have e = 1. Similarly, if we assume
g (a;, 1) to linear in wealth we have g (a;, 1) =

. Tad QHSS implying ¢’ (a;,I15s) =
f Z!Zg = 1. We are then left with:

y [MES - M}H diT; = ¥ [Cov (MPCyy 4, e;) — Cov (MPCyy s, 8’ (a5, Tls))] dIT
s=0 s=0

Writing this in sequence space and subbing into eq. (19) yields eq. (20) in the main
text:

I

——dY = a MZdY — [Cov (Mi,ei> —Cov< i o' (0 ))} 411
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A.4 Philips curve pass-through matrices

P W

This section derives the expression for the pass-through matrices k", k"' appearing in

eqg. (12) and (14). The baseline analysis assumes a price Philips-curve of the form:
m (14 m) = «F (mct — %) + Briier (14 mgq) + «Fel
or, in linearized form around the zero inflation steady state:
dmy =« (dmct + dsf) + Bdrtiq (A.3)

Imposing d7te = 0 we have that drt; = « Y22 ) B° (dmcs + del’). This equation can be

written in sequence space as:
dn = «x'Y¥ (dmc + d€P> (A4)

where:

O O R, ™
™ ™

N W

1

g

I
o o o~
S P, ™
— ™

The final step is to rewrite the equation in terms of price levels instead of inflation. This
yields:

AP = k" (dmc + dep)

where k¥ = ¥’ A¥ and:

N S Y
[
—_ = O O
_ O O O
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is a lower triangular matrix. " has the following form:

1 B B? B |
1 1+ B+pB B+ B?

kP =xl |1 148 1+B+ B+B+P
1 148 1+B+B 1+B+B+p8

Note that with a non-forward looking Philips curve, 8 = 0, then k” = x" A.
Regarding the New Keynesian wage Philips curve we have that the linearized NKWPC

1S:

drf’ =" <%§wa;1st — %#wdu%) + pdm,

Using that in steady state ¢ = % we get:
w_ wi(l 1 W
dﬂft =K $st — Wth + ﬁdTCH—l
Then, using the definition of ¥ above:

1 1
w_ W - .
drn’ =x"Y ((PdL —de)

To write in terms of wages in levels I use the defined A matrix above, noting that we
have to pre-multiply with steady state wages (which was done implicitly for the NKPC
as Py = 1 in steady state):

dw = W AY <1WdL — dw)
¢
=W <1WdL — dw)
¢
with &V = W AY.

A.5 Proof of Proposition 2

The proof for Proposition 2 involves solving for dII as a function of the markup shock
and output. Starting from the equation:

dHt = OéLdYt — de — (1 — (XL) dP)*(,t
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found in A.2 and using the assumption Leontiff production:

dHt = DCLdYt — ZUst — det — (1 — DCL) dP;((,t
=ar (1—w)dY; —apdw; — (1 —ap) dPy,

Then using the definition of real marginal costs mc; = apw; + (1 — ar) Py, (which in
steady state equals %):

dHt = VT_ldYt — dmct

To proceed we go to the sequence-space notation and subtract the NKPC from the
NKWPC using that d Py = dP

dw =dW —dP
= k" (pdN — dw) — kP (dmc+dp)
& (I + K,W> dw = k" pa;dY — kPdme+ kPdp
& (I + nw> dw = "V pardY — &P [apdw + (1 — ay) dPg) + ldp

& <I + &V + oanP> dw = pa kVdY — k" (1 —ap)dPs + kldp
Using this yields the following expression for profits:

dIl = 'uT_ldY —dmc
_ -1
s dll = {VTl — (I—l— KV + achcP> gbochW] dy

-1
+ag (I—FRW—FIXLRP) Kl (1—IXL) dP;E

—1
— (1 —ap)|dPg —ap (I+&"Y +arx”)  kPdp
X

-1

< dll = [HT_l — o, <I+ &V + IXLF.‘,P) (PIXLRW} ay

-1
—(1—ar) [1 —up <I+ kY —HXL&P) I‘.‘,P:| d Py

-1
—a (I TR ucy-cp> wPdp (A.5)
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Focusing on the markup shock (d Py = 0) and subbing into eq. (19):

d dY:MszLdY—[MZ—MH} A1
—
I -1 1 u—-1
M Z_ M7 MmO I w P w_+1H—1 Ay
(:){(l—tx)oq [ }(( + K —|—0¢Lﬁ:) parK P
-1
:—[MZ—MH} <I+nw+oanP> npdu
Defining;:
| r .z Z  agll W p\ ! w_1lpu—1 -1
M_{(l—zx)ocL M~ — |M M](<I+n +ark’)  purn e
We get Proposition 2:

ay = - M [MZ—MH} <I—|—l<,w—i—ocLK,P>ll~cpdu

A.6 Proof of Proposition 3

I first derive the derivative of dY w.r.t k”. To this end I will use the equations:

-1
el = [I—|—K,W—|—ocLWnP] aWikP

-1
el =— [I—i—ﬁzw—i—thW&P] an
¢
-1
M= [; M- [MZ —MH} (@L _tp=d 1)}
(1—a)ar ap
aY = -M [MZ—MH} x O x du
kP =« AY
The derivative I am interested in is given by:

odY oM 0O

hiddial i u i zZ 11

P {aKPX@ +MXaKPHM M| x dp

To evaluate the sign it thus suffices to derive the signs of 24, 297 [ start with 2@,. For
& & ok’ Jx dK
expositional ease, define the objects:

1.1
K =0 WAY, R= I+ 5" +a WAY
K K
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such that ©®# = R™!K. The derivative is then given by 5% 7 — —R_lgx—}f)R_lK . Since

R _ _ 1
= Ty (I+&")Iget:

00" L W\ p-1
= >
5P = R (1+")R'K >0

Next I derive the sign of aM . Define:

B = ;_MZ_ [MZ—MH} (@L_iy__l)
(1—a)ar oL M
such that M = B~!. The derivative is %ﬂp = —B’la—BB’l with 31?3 = [M% — M| %(;)Zf
and 28 = [M? — M!!] %€ 26, Usmg the same steps as aboveIobtam %@p =-R 1y WR 'K <

0. Combining I obtain that M is positive:

oM 1 [xnZ T 0O
D _ il >
oxP B [M M } ox? B =0
Proofing that £°5 adY < 0 whenever MZ > M!L
For the derlvatlve w.r.t the ¥V, g% we have:
odY oM 00
ot _ 2 MZ? — M| x d
axW [BK X OF + Mx BKW} [ } X ap

The derivative g%,y has sign:

0O

_ -1 -1
aK_W__R AYR 'K <0

where R = I + kW + a;WkP, K = a; WK". For the derivative aM we have:

0ot

S =-BT 5B =B M- M| S50 BT <0
oW oxW oxW -
since 3% = ( &)2R1 (I +a,WkP) RTIK < 0. Since both derivatives are negative,
K
we have:
adyY
— >0
oxW —

whenever MZ > M!!
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B Model extensions
B.1 Wage indexation

Proposition 3 highlights the importance of real wage dynamics for the transmission
of the shock in models with distribution effects. A natural remedy to stabilize real
wages in volatile inflation environments is to index nominal wages to CPI inflation
(e.g. Fischer (1976)). Specifically, indexing wages to CPI inflation at rate w modifies
the Rotemberg adjustment cost on nominal wages to % (1+ )/ (14 m)” — 1)2,
see Ascari et al. (2011).* The implied wage Philips curve is then given by:

w
ﬂ;/v = W7t + KW (1// (Lt) — ‘u—vf]) + ’8 <7T1/Y|_1 — C()7Tt+1)

With wage indexation present in the Philips curve the effects of a markup shock cap-
tured in Proposition 2 modifies to:

Proposition 6. The general equilibrium response of output dY to a markup shock is with wage
indexation:

dY = - M [MZ . MH} x OF x dp, (A.6)
where the pass-through to markups @V is given by:
-1
O = [T+ k" + (1 - w)aWr"|  arW (1-w)r". (A7)

Proof: appendix B.2.

Inspecting (A.6)-(A.7) one finds that the presence of wage indexation modified the
response of output in a manner similar to the degree of price stickiness x”. This implies
that a sufficient degree of wage indexation is able to dampen the effect on aggregate
demand from the markup shock (Proposition 3) by stabilizing the real wage since a
higher w fundamentally ties nominal wage growth to inflation. Figure A.1 illustrates
this numerically. With fully indexed wages real wages are fully stabilized, and there is
zero redistribution occurring in the economy, thus leading to full demand stabilization.

34For tractability I assume that wages are indexed to current inflation, but this is not central to my
results.
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Figure A.1: Transmission of markup shock with varying degree of wage indexation

B.2 Proof of Proposition 6

The derivation of eq. (A.6) is unchanged with wage indexation, as only ©* is affected.
To derive ©" under wage indexation, I start by linearizing the wage Philips curve with

indexation:
%
¢L;

_ 1| +p (nﬁl - wntH)
t

7(}/‘/ = wrmy + "
= dnV = wdmn; + W lst — idwt + B (dnw —wdrm 1)
Then, using the definition of ¥ above we get the sequence-space representation:
W Weo [ 1 1
dre" —wdn =x"¥Y ( —dL — —dw
¢ w

To write in levels instead of rates, I use A to get:

AW — wWdP = &V <%dL - d'w>

62



where k" = k" AY as before.
To solve for ®*, I start by subbing the NKPC into the NWPC:

dw — kW (de—dw) = wWAP
¢
& dW — WAP + WdP — gV (%dL—dw) = WwdP
w (W
Sdw—k —dL —dw | =W (w—-1)dP
¢
& dw — k" <gdL—d'w> = W(w—-1)k" (dmc+dsp>

& dw — k" <%dL - dw) =W (w—-1)k" (thdw +dsp>

-1
& dw = — [I~|—f<.:W+W(1—w)nP(xL} W (1 — w)kldel

since dme = apdw and dpu = —p?dme we get the expression in eq. (A.7).

B.3 Wage-price spirals

A common argument against wage indexation is that it fuels additional inflation, which
may induce a wage-price spiral (Lorenzoni and Werning 2023). This mechanism is at
play in Figure A.1, where the increase in inflation is significantly larger with higher
levels of wage indexation. Still the full-information rational expectations (FIRE) as-
sumption underlying the model, rules out any explosive scenarios where current in-
flation is driven by increasing expectations of future inflation. I here consider an ex-
tension of the model where I allow for diagnostic expectations following Bianchi et
al. (2023) in the two Philips curves. Diagnostic expectations are well suited to study
my setting because they capture a behaviour where agents over-extrapolate expecta-
tions about future paths, which is exactly the main worry with surges in inflation. This
type of expectation formation stands in contrast to other deviations from FIRE such as
sticky expectations (Mankiw and Reis (2002)) or bounded rationality (Gabaix (2020))
where agents tend to underreact with respect to changes in aggregates.

Bordalo et al. (2018) introduced the Diagnostic Expectations (DE) model, where
agents form expectations based on a prior distribution /1 of a shock dX, influenced by
selective memory retrieval. The model incorporates the psychological principle that
subjective probability assessments are biased towards events that are easily recalled.
The DE model introduces a distorted density expressed through a subjective kernel,
capturing the departure from full-information rational expectations (FIRE) only during
the period of the shock. Building on this framework, Bianchi et al. (2023) extends
the DE model by introducing long memory effects. The modified subjective kernel
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involves a product of lagged true distributions with memory weights, providing a
more sophisticated representation of memory effects in expectations formation over
time:

0
h (dXe1 | 1) 1

h(dXe1|I) = h(dXegq |1) :
[Ty b (@1 [1)Y | @

Here, h (dX; 1 |I}) is the true density of dX; 1 given information I, i (dX; 1 |I}) is the
distorted density under DE, | represents the reference period, and the memory weights
a; are positive and sum to 1, and 6 captures the strength of DE. In the main analysis |
use the estimated values from Bianchi et al. (2023). This implementation implies that
the expectation matrix EP is given by:

1 0 0

0 1+9<1— ;Zla]-) 0 0
EP=|o0 0 140 (1-x; o) 0

0 0

0 1460 (1- Ty )

With FIRE we have EP isa T x T identity matrix such that &’ = !, &}" = k}".

Figure A.2 compares the responses to a markup shock in the baseline FIRE model
with the impulse responses of model where diagnostic expectations are applied in
the price Philips curve, the wage Philips curve, and both Philips curves respectively.
Adding diagnostic expectations to the NKPC implies a larger initial inflation surge
compared to FIRE because firms overestimate future inflation levels due to extrapola-
tion, and therefore adjust prices more initially. This reduces the real wage and output
more compared to the baseline. Adding diagnostic expectations to the NKWPC im-
ply that nominal wages adjust more initially, thus stabilizing the real wage. In fact,
under the specific calibration of diagnostic expectations, the overreaction in wage set-
ting implies that the real wage increase and consumption/output initially increases.
Finally, adding diagnostic expectations to both Philips curves simultaneously implies
an even larger surge in inflation as the two Philips curves interact with each other - a
wage-price spiral.
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Figure A.2: Transmission of markup shock with diagnostic expectations

In order to evaluate if wage indexation is still a viable option in terms of real wage
stabilization in the presence of a wage-price spiral it is worthwhile to inspect the ana-
lytical solution of the model. To start with, consider the following generalizations of

the two Philips curves in eq. (21)-(22):

dPy = k¥ (dmc +dp) (A.8)
AW = £V (pdN — dw) (A.9)

where &7 = EPkl, k] = EPk]’ and EP is the expectations matrix defined above.

Under FIRE that matrix EtD isa T x T identity matrix such that Téf = nf , E}N = ml/v,

i.e. perfect foresight. With this notation in place I obtain the following solution under

diagnostic expectations:

Proposition 7. The general equilibrium response of output dY to a markup shock under dia-

gnostic expectations is:

dY = - M [MZ - M“} X O1 % dp, (A.10)
where O determines the cyclicality of markups:
~ -1
or — [I LRV 4 (1 - w) angP] a W (1 —w) &P,

Proof: Follows from Proposition 6.

Note in particular that with diagnostic expectations we have diag (k") > diag (k")
because agents tend to over-extrapolate based on current information, implying that
these expectations manifest in the model as a price Philips curve with a larger slope.®
As shown earlier this implies, all else equal, a larger effect of markup shocks on output.

%This would not be true with sticky expectations or bounded rationality.
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Still, as shown in Figure A.3, wage indexation can successfully stabilize the real wage
and output, but the concern about interaction effects between unanchored expecta-
tions and wage indexation seem to be well justified based on the excessive inflation

response.
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Figure A.3: Transmission of markup shock with varying degree of wage indexation in
the diagnostic expectations model

B.4 Fisher effects

A mechanism often brought up in the context of large inflation surges is the redistribu-
tion that occurs between borrowers and savers when debt contracts are nominal (see
e.g. Auclert 2019; Nufio and Thomas 2022; Brunnermeier et al. 2023). The baseline
model assumes that households save in real assets, and thereby sidesteps this channel.
To evaluate this effect I introduce a share 6" of nominal bonds into the economy. The
budget constraint of households is unchanged in real terms, but the total real return is
then given by r{ = 0"r]' + (1 — 0") r; where r{ is the real return on nominal bonds. I
assume that these bonds are potentially long term and that they pay exponentially de-
caying coupons. A bond purchased at time 0 at nominal price g; gives a stream {6°} .,
of nominal payments. With § = 0 standard, short-term bonds are recovered. Arbitrage

implies that the bond price follows:

_ 1+4gi
=TTy
+ 1
such that the expected real return on nominal bonds is the same as for real bonds. The

return is given by:

1+6qg;

1+ = —1[3_’17_“.

With a constant-r rule as before the only effect on household behavior comes from
an initial revaluation effect on nominal bonds which occurs at time 0 (only surprise
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inflation affects the return). The consumption function is now a function of real in-
come, profits and the date 0 real return on assets, C; = C {Z;,I1;,r9}. Linearizing in
sequence-space and using dry = 0"dr; we have that:

dC = M?dZ + M"YdIT + M™¢"drl,

where M is a column vector whose entries reflect the response of consumption to
the initial revaluation effect at time 0. Note that at the individual household level
the entries in this vector would be positive for savers and negative for borrowers. To

proceed, I linearize time 0 nominal returns to get:

drg = —dqo — dmg

~—
Long term bond effect ~ Fisher effect

Thus the initial revaluation effect depends on two terms. With short bonds (6 = 0)
there is the usual Fisher effect of surprise inflation, whereby the value of nominal assets
depreciates with the increase in inflation. With long term nominal bonds (6 > 0) there
is an additional effect since the bond has a duration of more than one period. For a
given nominal interest rate, the increase in inflation also affects the value of the bond
going forward, which is captured in the initial valuation dqg. This effect can be found
to be:

o 5

dqo = — Z s (1+0qss) (Are14s + dTT414s)

s=0 (1 +1iss)
High future real rates or inflation reduce the current price of the bond, with the effects
being increasing in the longevity of the bonds J. Using this expression, the overall
effect on aggregate consumption is:

o 55
Z I1
4C = M +\]\/Lfd—11_ M00" (1+iss) (1+64ss) drii 145 +d71o
Labor income Profits s=0 S8

N /

-~

Fisher effects

As before a markup shock induces a negative effect on consumption from labor income
and a positive effect from profits. If households hold nominal bonds, 6" > 0 there is
an additional effect, which scales with the marginal propensity to spend out of time-
0 unexpected returns M. For savers this will tend to be a negative effect since the
real value of their bonds get reduced by inflation, thus acting as a negative income
shock. Borrowers experience the opposite, and will generally increase in consumption
in response to this channel, leaving the overall sign of M" uncertain. At the individual
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the MPC out of date-0 returns is the MPC out of a cash-transfer, times the initial net-
nominal position of the household, mpc; x a'. Aggregating we can write this as:

M = M x A" + Cov (M;, a})

Given that the aggregate net-nominal position is generally positive, the first term is
positive. The second term captures redistribution, between borrowers and savers, and
is negative when borrowers have larger MPCs than savers. Auclert (2019) uses the
Italian Survey of Household Income and Wealth to measure the covariance between
MPCs and net nominal positions - i.e. Cov (Mi, al’-l) - and measure a positive, but
quantitatively small effect of redistribution on consumption.

The left panel in Figure A.4 shows the effects of the markup shock on aggregate con-
sumption for varying degree of nominal bonds, all with § = 0.94 to match an average
duration of 4.5 years as in Doepke and Schneider (2006).%® A larger share of nominal
bonds imply redistribution towards borrowers, who in this model tend to have higher
MPCs than savers. With enough nominal bonds this can potentially overturn the initial
decline in consumption causing the aggregate response to turn positive. The response
in the following quarters, however, is amplified relative to the baseline with real bonds
because savers reduce their consumption, and though their initial time 0 MPCs are
smaller than the corresponding MPCs of borrowers, their intertemporal MPCs are typ-
ically larger. Figure A.5 plots the intertemporal MPCs by borrowers and savers which
clearly showecases this point.

However, the standard incomplete markets model has a tendency to overstate the
aggregate effects of the Fisher redistribution channel. The right panel in Figure A.4
shows the change in consumption at time 0 as a function of the covariance Cov (Mi, a} ) ,
obtained by varying the share of nominal assets 8”. With a larger share of nominal
assets the model predicts a large negative covariance, implying strong effects of redis-
tribution. However, the size of this covariance is many times larger than the empirical
estimate from Auclert (2019).%” If I calibrate 0" to match the empirical covariance from
Auclert (2019), the Fisher effect is quantitatively small, and the effect from declining
real labor income dominates, and consumption declines following a markup shock, as
in the baseline model.

36For this model exercise I set the borrowing constraint to minus one times the average quarterly
steady-state labor income g = —Z as in Kaplan et al. (2018).

37The model over-predicts the size of this covariance because all constraint households are up against
the borrowing limit a, whereas empirically there is typically bunching around the point a = 0, where
the Fisher effect is limited. This can be remedied by introducing a borrowing premium, see Faccini et
al. (2024).
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Figure A.4: Model with Fisher debt-inflation effects

Note: The left panel shows response of aggregate consumption for different shares of nominal assets 6" fixing the bond duration
to 4.5 years (6 = 0.95). The right panel shows the response of aggregate consumption at time 0 as a function of the covariance
between net-nominal positions and MPCs for different levels of bond durations.
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Figure A.5: Partial equilibrium responses by borrowers and savers

B.5 Neutrality of Cost-push shocks when dP;; = dPy,

Define px = Ppitt as the price of imported materials in domestic CPI units. If px; = 0

then the shock has no real effects on the domestic economy. To see when this case

arises, consider the linearized versions of px ; and Q; under the law of one price:

de,t = dgt + dP)*(’t — dPt
dQ; = d& + dPf, — dP,

With a constant real rate and a UIP condition we have dQ; = 0. Clearly if dPy ; = dPy,
then dpx ; = 0 and the shock to import prices have no effect on the domestic economy.
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B.6 Cost-push shock
Subbing (A.2) in to (A.1) gives:
dY = (1 —a) [MZWZY — MZdI1 — MZ (1 — ap) dP% + M“dn}

1
-

& T——dY =, M7dY — [MZ - MH] 4Tl — (1 — ay) MZdP}

which is eq. (26) in the main text. To derive (27), set du = 0 in (A.5), and insert:

by = MZay - [MZ _ MH] {”—_1 _ zxL@L] 1Yy
1—uw U

+ M7 = MU (1= a) [1 — ©/]dP§ — (1 — ) M7dP§
Solving for output one obtains:
AY = =M (1—ar) {M"+ [M* - M| ©"'} apy

where:

-1

M= |1 Mz [MZ —M“} (zxLQL — ”—_11)}
1—uw U

C Optimal Policy Appendix
C.1 Stylized model

The equations of the stylized model are laid out below. Eq. (A.11)-(A.12) describes
how domestic consumption is split between domestic and foreign goods, eq. (A.13)
describes the domestic CPI, eq. (A.14) defines the individual consumption function,
eq. (A.15) defines aggregate consumption, eq. (A.16) defines the real wage, eq. (A.17)
defines the production function of firms, eq. (A.18) is the real UIP condition, eq. (A.19)
is the market clearing condition, eq. (A.20) defines exports as a function of the real
exchange rate, and eq. (A.21) defines real labor income. Eq. (A.22) describes a static
Philips-curve, with real marginal costs being defined in eq. (A.23) as a function & (e) of
input prices and total production. For expositional simplicity firms are owned by for-
eigners, such that profits go abroad - the model can easily be extended to remedy this,
but it would imply an extra aggregate state in the consumption function of households
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as in section 3.

Cht=(1-a)C (A.11)
Cri = aCy (A.12)
P, = aPp; 4 (1 — ) Py (A.13)
cit = ¢i (Z, 1) (A.14)
G = / cip di (A.15)
Wi
= — Al
wt P, ( 6)
Y; = f (L, X) (A.17)
1+7r = S (147%) (A.18)
Qr
* 6P 2
Yi = Cpip o+ Cipy + i, Ye (A.19)
Chii =CH(Qr), CH(Q1)>0 (A.20)
Zp = wily (A.21)
1
Thy = (mct - pH,t;> (A.22)
mcy = h (wt, PX,t/ Yt) (A23)
Px; = Px (QtPx ) (A.24)
Wy=W (A.25)
pe: = Pr (PEQt) (A.26)
* PH,t
Pfy = =~ A.27
H,t o) ( )
P
PEt = pitt (A.28)
P
PH = % (A.29)

C.2 Derivation of delayed substitution model

I here present the model of delayed substitution. The setup closely follows Auclert
et al. (2024b), but I derive the full non-linear solution. I focus on the problem of do-
mestic households, but the problem for foreign households is isomorphic. Households
maximize overall consumption C; given by:

/.
-1 1=17 -1
U

1 1
wiCpl 4+ (1—a)7 Cyf,
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subject to the constraint C; = Cr;pr; + CHpH+ Where pr; = Ppitt and pp; = Ppitt

and P; is the CPI price index. Optimization is subject to a Calvo-type friction. With
probability 8¢ households are not allowed to update the shares in their consumption
bundle, whereas with probability 1 — 6 they choose a new bundle.

Denote by xp ¢ = pH%fH't the share of consumption going to the home good, in units
of the domestic CPI. A household that is allowed to update their consumption bundle
in period t maximizes:

1 n
00 Ui =1

n—1
L U} U}
max }_ <,BGC> ol <7%Ht Cits ) 7 +(1—1x)% ((1—55H,t) Ct+s> 7

Xt 420 " PH,t+s PE t+s

where the notation X ; expresses that this is targeted ratio for re-optimizing house-
holds. The first-order condition is:

n—1

i o =1 = _
¥ (pe) [a-at (525 ) T ag—ad () T -t | =0

s=0 PH,t—i—s PF,H—S

This may be rewritten as:

()"
XHp = a
’ )
L+ (%)
where:
A= X (po) b (2 ) Bi=Y. () (1—a) (C—+)
T 5=0 PFt+s ’ T s=0 PH,t+s

Note that these can be written in recursive form as:

n—1 n—1

1/ Cp\ 1 1/ C \ 1

Ap =t (_t) +B0°Arr1, Bi=(1-a) <—t> + B0 Bi11
PE,t PHt

Given the target ratio Xy ; for households which may re-optimize, the aggregate ratio
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xp ¢ follows the law of motion:

XHt = (1 — 9C> R+ 0 X
C.3 Deriving eq. (32)
Before proceeding I define:

E)XtW = /Eoul (Cit) aXtCl'tdi

To derive eq. (32), I first use the fact that for two random variables x;, y; with density
Qi f x;yigidi = Ex; Ey; + Cov (xi, yz) to get:

Ix, W = /Eo [u’ (ct)0x,Cr + Cov (1 (cir) ’aXtcit)] di

Then, utilizing a second order approximation of u’ (¢;) = [ 1 (cjt) di w.r.t ¢y around
Cti

(@) ~ [ (C+u (C) (en — Co) + 30" (Co) (e — CoPd

1
= ul (Ct) + Eu”/ (Ct) Var (Cit)
Further calculations give:

1 "
y o (G Var ()

=/ (Co) + 5u” (Ci) Var (e) = o (C) +

2 2 u (Ct) C
1.1 1 u' (C) 1
= (C) — Eﬁau” (Cr) Var (ci) = ' (C)) = 58— E Cg au” (Ct) Var (ci)
1pgcrra 1 1 1
=W () + g0 Oy Var (en) = (G + & Var (e

where I use that for log-preferences, prudence equals #° = 2 and the coefficient of
relative risk aversion equals 9“*R4 = 1. Combining this I obtain:

1 .
aXtW = /Eo {axtct (I/l/ (Ct) + E Var (Cit)) + Cov (u’ (Cit) ,aXtCit) di
t

Setting X; = Z; yields the equation in the main text.
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C.4 Optimal policy under commitment

To resolve the time-inconsistency problem I follow Woodford (2003) and implement
the optimal monetary policy under commitment. To this end I prepend the residuals
in # (Z, X, €) with their period —1 (i.e. in the period before the MIT shock) values.
Denoting by m_1 the pre-shock values of Lagrange multipliers the Lagrangian is:

£(M,Z,X)=EW+[my M }/ [ H
The FOC w.r.t the instruments is:
VaEoW+|my M ]' Vah VzH|=0

The optimal policy under commitment is obtained when the initial values of the Lag-
range multipliers m_; are fixed at their steady state values. Discretion obtains when
m_y = 0. Note that if there are no forward looking constraintsin_;, H then Vzh_; =
0 and one obtains time-consistent policy independently of the initial values of Lag-
range multipliers. The previous setting assumes that H contains all model equations
as residuals and the dimensionality of the system is therefore too large to handle nu-
merically due to the infinite dimensionality of the households block.*® T reduce the
dimensionality by writing the system in a DAG-form following Auclert et al. (2021). In
my case this effectively reduces the size of H to a dynamic system with 4 residuals and
4 unknowns such that the vector H is of size T - 4 where T is the length of the trans-
ition path. Given that this removes a large number of forward-looking equations from
H (and therefore their associated Lagrange multipliers) how does one obtain commit-
ment in this case? The key is to include in the Lagrangian lagged aggregate utility
U_1:

L(M,Z,X) =U1+BW+ | my M }/ [ H
where:

U =B [ uler (ea) v (L) 4G 1 (e,0)

38This is also the case after discretization.

74



In this form the Ramsey problem can be solved as follows:* First denote by R the
non-linear equation system composed of the first-order condition of the planner:

VWV + Vg MH (Z,X,e)
R(M,Z,X,e): VXW+VXM’H(Z,X,6) =0
H(Z,X,e)

Under commitment it holds that R (Mss, Zss, X, €ss) = 0. Collecting endogenous
variables in a vector R = (M, Z, X ), and perturbing R w.r.t R, € around the steady
state yields:

RRrAR + Rede = 0
& dR = —Ry Rede

where R g, R are the Jacobians of R w.r.t R, €.

C.5 Foreign currency denominated debt

As in the baseline model household can hold either domestic bonds or foreign bonds.
The total level of assets of households i is given by a;; = b;; + b};. Denote by w? the
share of total assets invested in domestic bonds in the initial steady state. Then:

cie +bir + 0 = (148 ) by + (14 7) iy + Zeei + g () T — T (ex),

S i+ aip = (1 + 1’?) A1 +xip + Zie; + & (61') II; — 7 (ez-) ,

with x;; = [(1 + rf*> — (1 + ri’ )} bj,_,. I consider two scenarios: 1) The portfolio share
w is constant across individuals, and leverage ratios are therefore the same across all
households, 2) portfolio shares vary across households w;, with poorer households be-
ing more leveraged in foreign bonds. For the first scenario I follow De Ferra et al. (2020)

and set the steady state supply of foreign credit to 25% of total net wealth, % =
% = —0.25. Since I assume the leverage ratio to be constant we have b’ = (1 — w) a;.

The calibration then implies w = 1.25. For the second scenario I assume that poorer
households are more leveraged using the function form b}, | = (1 —w) (k+a;—1). 1
again follow De Ferra et al. (2020) and calibrate k, w to jointly match 1) % = —0.25
(as before) and 2) The average gross debt of households with zero net wealth is 24% of
average household yearly labor income. This yields k = 3.4, w = 1.15. In Figure A.6 1
plot the debt-to-income ratio as a function of net wealth in the two calibrations.

3See Davila and Schaab (2023) for more details.
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08— Constant leverage
== High leverage for poorest

o
o
)

Debt to Annual labor income
=) =)
N >

0.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Net wealth to Annual labor income

Figure A.6: Distribution of leverage in NFA < 0 HANK model

The currency valuation channel only affects the balance sheets of households in the
initial period following a MIT shock since expected returns across foreign and domestic
bonds are equalized going forward. The return on domestic bonds is the rate set by the
domestic central bank, rg = rss, Whereas the return on foreign bonds (once converted
to domestic currency) is:

Qo

C.6 Cyclical inequality

Iintroduce cyclical risk following Auclert and Rognlie (2018) and Acharya et al. (2023).
The labor income received by individual i is:

Z
‘1+§1n7t

_ 1
zip = Zt

S/ e}ﬂrln %di
where the parameter ¢ determines the cyclicality of cross-sectional income dispersion.
¢ = 0 recovers the standard model with acyclical earnings dispersion whereas ¢ < 0
corresponds to countercyclical income risk. For the calibration of ¢ I follow Acharya et
al. (2023) who uses the estimated values of cross-sectional idiosyncratic risk in peaks
and troughs in the US from Storesletten et al. (2004). They estimate that the annual
standard deviation increases from 0.12 to 0.21 when moving between the two states. I
convert these two quarterly standard deviations by simulating an AR(1) process with
persistence 0.95 (the estimated value in Storesletten et al. (2004)) at the quarterly level,

calibrating the standard deviation of innovations to match the annual standard de-
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viations of 0.12 to 0.21 respectively. This gives quarterly values of 0.124 and 0.217.
Acharya et al. (2023) assume that GDP declines by 3% when moving from peak to
trough. I approximate the decline in aggregate activity with aggregate real labor in-

come, implying d‘ngZt 01209217 — _3.1 empirically. In the model I have:

ot = sd(Inzj) = (1 +¢In %) sd(Ine;)

Implying;:

d(TZ,t
dIln Zt

= Co’e

In the baseline Calibration the cross-sectional standard deviation of log earnings o is
0.5. Thus ¢ = 0_ = —6.2 which is the value used in the experiment.

C.7 Welfare changes measured in consumption-equivalents

I compute consumption equivalent variation as follows. Let P; denote the time f trans-
ition matrix which governs how households move across states (e, a). Note that this
matrix contains both an exogenous component which governs transition across idio-
syncratic earnings state (¢), and an endogenous component which governs how house-
holds moves in the asset state space (a).

Collecting states in a tuple s = (e,a), ex-ante expected lifetime utility of an indi-
vidual with states e, a is:

_E, igt [ (¢ (s)) — v (L))
= BT ) oo ) v )]

Let V (s) denote expected life-time utility in the absence of aggregate shocks. The
consumption-equivalent variation x (s) needed to make an individual with initial state
s indifferent between the steady state, and a world where the aggregate shock materi-
alises is defined by:

i)ﬁtgpt (s']s) [u (ct (s") +x(s)) —v(Ly)] =V (s)

where I use the additive formulation for the consumption-equivalent following Dévila
and Schaab (2023) since this allows me to compute an aggregate consumption-equivalent.
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