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Abstract

This paper studies the spillover effects of US quantitative easing on emerging market economies. I es-
timate the spillover effects using Bayesian VAR models for the US economy and a set of emerging market
economies. A 1% increase in the Federal Reserves securities held outright has positive and statistically sig-
nificant effects on real GDP, real Investment, the price level, and asset prices in the US economy. Emerging
market economies experience positive statistically significant effects on real GDP, real investment, inflation,
and stock market indices, along with currency appreciation, current account deterioration, and increase in
their long-term bond yields. Then I build a two-country Heterogeneous-Agents New Keynesian model
with QE shocks and dollarized bank balance sheets in the EME. The model is estimated to match the
empirical movements. Bank balance sheets are at the heart of the international transmission mechanism.
The choice between HANK vs. RANK matters for the magnitude of the impulse responses since without
heterogeneity aggregate demand is lower in both countries. The model predicts that QE decreases inequal-
ity in the US economy in the medium run, but in the short run wealth inequality rises, whereas in the
emerging market economy wealth inequality increases and remains elevated over time. Finally, policies
aiming to reduce the flow of capital between countries, such as capital controls, have significant adverse

effects on economic activity and welfare.

*Current affiliation: Templeton Global Macro, Franklin Templeton. Email: antzelos.kyriazis@franklintempleton.com

Any views expressed herein are the views of the author and do not represent the views of the organization he works for.
TThis is a slightly revised version of Chapter 2 of my PhD dissertation, with the title "Quantitative Easing Spillovers". The

original paper was written while I was a graduate student at Yale University. I am thankful to my advisors, Eduardo Davila,
William B. English, and John Geanakoplos, for their invaluable guidance and support. I also thank Giuseppe Moscarini, Fabrizio

Zilibotti, and the rest of the participants at the Yale Macro Seminar for their helpful comments. Any remaining errors are my own.



1 Introduction

Financial globalization has been rising over the last decades and changing financial conditions in an economy
usually transmit to other economies swiftly. Switches in financial conditions often result from monetary and
fiscal policy interventions in relatively big economies. These interventions can have sizeable spillover effects
on small open economies through capital flow changes affecting asset prices and exchange rates, which
transmit to the rest of the economy through the interaction of bank balance sheets with financial frictions,
and through changes in net exports, leading to adjustments in aggregate demand and production. These
changes create distributional effects across households in small open economies since their income and
wealth depend on asset prices and production decisions. The debate on how conventional monetary policies
of big countries affect inequality in small open economies is recent and heated. However, it is still unknown

how unconventional monetary policies of big economies affect inequality in small open economies.

In this paper, I try to provide insights into the above issue by focusing on the effects of US quantitative
easing programs on the US economy and a set of emerging market economies. First, I use a Bayesian
structural VAR model to identify the US QE shocks over the period 2008-2021, and I document the effects of
QE on the US economy. The aim is to capture the stock effect of QE, as discussed in Gambacorta et al. (2014).
The results show positive statistically significant effects of QE on real GDP, real investment, the price level,
and the stock market, and negative statistically significant effects on long-term government bond yields. With
the structural shocks at hand, I use a panel Bayesian VAR model to study the effects of US QE on emerging
market economies. The results for the emerging markets show positive statistically significant effects on real
GDP, real investment, inflation, and the stock markets. In addition, long-term government bond yields tend

to increase over time, while currencies appreciate in real terms and current accounts deteriorate.

I develop a two-country heterogeneous agents New Keynesian model to address the question of the dis-
tributional effects of QE in the US economy and the emerging market economies. The model is estimated
to match the empirical responses derived in the empirical exercises, and is calibrated to match key distri-
butional moments in both countries. The domestic country is assumed to be a small open economy that
plays the role of an emerging market economy, such as Mexico, and the foreign country represents the US
economy. In each country, households differ along two dimensions: labor income and exposure to financial
assets. Labor earnings differ across households due to differences in idiosyncratic productivity which cannot
be fully diversified away. Given that households start as identical ex-ante, this also leads to differences in
asset holdings over time.

In the emerging market economy, households can build wealth by holding liquid deposits in domestic
commercial banks and illiquid deposits in domestic investment banks. The commercial banks hold only the

reserves issued by the domestic central bank, so the households who hold liquid deposits are only exposed



to local currency assets. The investment banks, on the other hand, feature balance sheet currency mismatch
since they can invest in domestic and foreign assets, and hold domestic and foreign liabilities, in line with
the evidence on partially dollarized bank balance sheets in emerging market economies.! In this way, the
wealthier households who can afford the illiquid asset are indirectly exposed to domestic and foreign assets.

The model is calibrated to match the evidence on deposit dollarization in emerging markets.

In the foreign economy, households can also invest in liquid and illiquid assets. The liquid foreign asset
is deposit holdings in a bank that invests in securities issued by entities of the foreign economy, such as
government bonds and stocks. In contrast, the illiquid asset is deposits in a bank that holds deposits in the
investment bank of the emerging market economy. In this way, foreign households who can invest in the
illiquid asset get indirectly exposed to emerging market assets. This element is added to account for the

capital inflows in emerging markets after expansionary QE shocks, as documented in Bhattarai et al. (2021).

The model is also enriched with financial frictions in asset intermediation similar to those in Gertler and
Karadi (2011) in both countries. Financial frictions make quantitative easing effective in the US economy
and provide amplification through the financial accelerator mechanism in both countries. Without such
frictions, the asset pricing behavior of the banks in the US economy would be such that expected long-term
and short-term interest rates would be equalized in equilibrium, and there would be no role for QE. In
contrast, financial frictions generate spreads between short-term and long-term rates. The central bank’s
asset purchases, which take the form of long-term government bonds purchases, can reduce the spread on
government bonds, leading the private banks to increase their investment in stocks. Stock prices increase and
boost bank net worth even more. Higher capital investment propagates to the rest of the economy through
the production sector. In addition, standard New Keynesian frictions, such as price and wage stickiness and
investment adjustment costs, are added in both countries to account for the slow adjustment of prices, GDP,

and investment.

The model aims first to highlight the international transmission mechanism at play after expansionary
quantitative easing policies in the US economy. Second, the model aims to show how different households
are affected in both countries and what the implied inequality effects are. Third, the model aims to show how
the existence of constrained households with high marginal propensities to consume interacts with financial
frictions and what the implications are for the transmission mechanism. The fourth and last aim of the model
is to evaluate policies that would reduce the leverage in the banking sector in EMEs after a US expansionary
QE shock.

First, I argue that the balance sheets of financial intermediaries in both countries are at the heart of
the international transmission mechanism. Specifically, government bond prices and realized bond returns

increase after a positive shock in central bank bond holdings in the US economy. Bank net worth rises,

1As an example see Hahm et al. (2013).



and the banks invest in stocks to substitute the more expensive bonds. The price of capital and the realized
return on capital increase, boosting bank net worth even more. Then, as banks increase their capital holdings,
investment increases, and output, inflation, and labor demand follow. In addition, higher asset prices and
lower expected returns in the US economy incentivize households to increase initially their deposits in

Mexican investment banks which pay higher interest rates.

The interest rate differentials between the two countries lead to a real currency appreciation. The appreci-
ation of the currency, in turn, boosts the net worth of the Mexican banks since they have to pay less Mexican
currency to US households for a given amount of dollars. In addition, Mexican banks hold bonds of the US
government and earn higher realized returns at the time of the shock. Then they substitute these expensive
bonds with domestic capital claims, leading to a higher stock market valuation, higher realized returns on
capital, and higher net worth. Through a similar argument as in the US economy, aggregate demand and
inflation rise. However, currency appreciation also deteriorates the current account-to-GDP ratio since it

encourages imports and discourages exports.

Second, I examine how household heterogeneity in each country affects the previous results. I start
by analyzing how the QE shock affects both economies, assuming that one economy has a representative
agent and the other has heterogeneous agents. Then I also consider the pure representative agent model.
The findings show that shutting off heterogeneity in either of the two countries can affect significantly
the impulse response functions of both countries, and not only the country with a representative agent,
because of the lower aggregate demand. Specifically, if any of the two countries have a representative agent
instead of heterogeneous agents, then due to the absence of constrained households with high marginal
propensities to consume, the increase in aggregate demand is weaker. A smaller increase in aggregate
demand leads to a smaller increase in production and income. Also, the consumption of goods from the
second country increases by a lower amount. This leads to lower aggregate demand, lower production,
and lower consumption in the second country, which then negatively affects the first country by a similar

argument.

If both countries have a represenative agent, then the negative aggregate demand effects created by
the absence of constrained households are combined, resulting in the lowest positive effects in aggregate
variables from QE, among all the cases examined. The pure RANK model, can produce qualitatively similar
movements in aggregate variables to those found in the empirical exercise, except for the trade balance-to-
GDP ratio, but these movements differ significantly in magnitude from the pure HANK model. Moreover,

the pure RANK model cannot provide answers to distributional issues.
Third, I compute the distributional effects of QE in both economies. Regarding consumption inequality,
the model predicts lower consumption inequality in both countries after a positive QE shock. However, the

way this result is achieved is not symmetric across the two countries, since in Mexico, the share of the top



10% in the consumption distribution increases while in the US, it falls. The model also predicts an increase
in wealth inequality in the short run for the US economy, but a decrease in the medium run, while in Mexico
wealth inequality increases and remains elevated over time. More specifically, in the US economy, wealthier
households initially accumulate more illiquid assets due to their higher returns and since they can afford the
transaction costs associated with these assets. However, over time as the poorer households earn higher labor
income, they start accumulating liquid assets aggressively since they need to start substituting consumption
intertemporally. This behavior closes the wealth gap in the medium run. In the Mexican economy, liquid
wealth inequality follows a very similar behavior, and falls over time as poorer households accumulate more
liquid assets, even if both the richer and the poorer households are incentivized to accumulate due to the
higher real returns on these assets, which results from the aggressive interest rate hikes of the central bank
as inflation rises. However, wealthier households accumulate more illiquid assets due to the higher profits
which increase the illiquid asset returns. The rise in illiquid asset holdings inequality increases the wealth
inequality gap.

Lastly, I investigate the issue of over-levered banks in EMEs following a QE shock, which policymakers?
worldwide have highlighted. Specifically, I introduce a capital controls tax on the foreign interest payments
made by investment banks in Mexico. The tax follows a feedback rule which considers the current account-
to-GDP ratio. I show that under a plausible parameterization, the adverse effects of this tax can be significant
since it can lead to lower capital flows and lower economic activity in both countries because the tax rate
reduces the net worth of the banks in Mexico, which leads to lower capital investment, lower output and
lower demand for goods of the US economy. As a result, economic activity in the US economy is also
reduced, which then affects negatively the Mexican economy and so on. In addition, I find that the regulated
economy is not preferred by the households at the top and the bottom of the wealth distribution in Mexico,

but it is preferred by the households in the respective wealth deciles in the US economy.

Related Literature: This paper is related to many different parts of the literature. Specifically, several papers
study the effects of US QE shocks on EMEs in the empirical literature. Lavigne et al. (2014) is a comprehensive
summarization of these studies. The EME methodology of this paper is closely related to the work of
Bhattarai et al. (2021). However, I use a different identification method, a slightly different set of EMEs, and

I also expand the dataset to include the QE response of the Federal Reserve during the pandemic period.

This paper is related to papers studying open economies using New Keynesian models, such as Corsetti
and Pesenti (2001), Gali and Monacelli (2005), and Farhi and Werning (2014). These papers use models with
frictionless financial markets and representative households, building on the earlier work of Obstfeld and Ro-
goff (1995). I depart from these papers by introducing frictions in financial intermediation and heterogeneous

agents in both countries who cannot completely insure against their idiosyncratic shocks.

2See for instance Rajan (2014).



This paper is also related to papers using New Keynesian models with a banking sector, and financial
frictions to explore the effects of quantitative easing policies on the economy, such as Gertler and Karadi
(2011), Gertler and Karadi (2013), Dedola et al. (2013) and Sims et al. (2021). The first main difference in
this paper is that I use this framework in a two-country HANK model and try to provide insights into how
financial frictions and heterogeneity affect the determination of exchange rates and asset prices in small
open economies. The second main difference is the concentration of this study on the distributional effects

on residents of each of the two countries.

The focus of this paper is also related to the papers by Gourinchas (2018), Akinci and Queralto (2018), and
Ahmed et al. (2021). Under different frameworks, these authors study the spillover effects of US conventional
monetary policy on emerging markets economies. This study departs from this literature by concentrating on

the spillover effects of unconventional monetary policy shocks and introducing heterogeneous households.

Finally, this study is related to the more general and growing HANK literature that combines incomplete
market models with models that include nominal rigidities. Some indicative papers are Ravn and Sterk
(2017), Kaplan et al. (2018), Auclert and Rognlie (2018), Auclert et al. (2018), Hagedorn et al. (2019), Auclert
et al. (2021a), Auclert et al. (2020), and Davila and Schaab (2022). However, these papers do not incorpo-
rate unconventional monetary policy and study closed economies. Other HANK models incorporating QE
policies are Lee (2020), Cui and Sterk (2021), Kyriazis (2022), and Sims et al. (2022), but these papers also
focus on a single closed economy. The last category of related models are the open economy HANK models
recently developed by Guo et al. (2020), Auclert et al. (2021c), Oskolkov (2021), Zhou (2021), and Ferrante
and Gornemann (2022). These papers focus on a single small open economy subject to external shocks, mak-
ing specific assumptions for aggregate demand from abroad. Aggarwal et al. (2022) in a contemporaneous
work, introduce a multi-country model with heterogeneous agents, but focus on fiscal policy and do not
consider QE. To my knowledge, this paper studies the first two-country model with full heterogeneity in

both countries and quantitative easing policies.

Paper Organization: The rest of the paper is organized in the following way. Section 2 contains the empirical
analysis where US QE shocks are identified and then used to examine the spillover effects of QE on emerging
market economies. Section 3 contains the two-country HANK model. Section 4 includes the calibration
and estimation of the HANK model. Section 5 contains the quantitative analysis of the model where the
international transmission mechanism, the role of household heterogeneity, and the distributional effects of
QE are analyzed. Section 6 contains a capital controls counterfactual experiment which examines also the

welfare effects of this policy. Section 7 concludes.



2 Empirical Results

In this section, I present a Bayesian structural VAR model for the US economy to examine the empirical
responses of macro aggregate variables and asset prices to a pure quantitative easing shock. Then I use the
identified structural shocks in a Bayesian panel VAR model for a group of emerging markets and examine

the empirical responses of macro aggregate variables and asset prices to shocks in US QE.

2.1 Data

The data used in this section are quarterly data covering the period from the first quarter of 2008 until the
fourth quarter of 2021. The series are seasonally adjusted using the X-11 method if not seasonally adjusted by
the provider. The US data were collected from the FRED database and Refinitiv. The data for the emerging
markets were collected from Refinitiv, the FRED database, and the IMF database. All the data used are
expressed in natural logarithms, except for interest and inflation rates. The countries considered in the panel
BVAR satisfy the following criteria: i) they are classified as emerging markets by the IMF for the decade
2010-2020, as documented in Duttagupta and Pazarbasioglu (2021), ii) they are small open economies and
cannot affect international prices, iii) they did not experience sovereign debt or currency crises during the
period of interest, iv) there are time series available for all the variables of interest covering the whole period
of interest so that the panel dataset is perfectly balanced. The countries satisfying all four criteria are the
following: Brazil, Chile, Colombia, Hungary, India, Indonesia, Malaysia, Mexico, Philippines, Poland, South
Africa, Thailand, and Turkey.

2.2 US Structural BVAR

The model considered for the US is a structural Bayesian VAR with the following form

Ayi = Bo + B1yt-1+ ... + Bpyt—p +uy, (2.1)

where y; = [Yt, I;, P;, QE;, itB, Qt}/ is the vector containing the variables of the SVAR model, which in the
baseline case are the real GDP denoted as Y;, the amount of real investment denoted as I;, the PCE index

denoted as P;,* the yield on 10-year inflation-indexed treasuries,* denoted as i?, the securities held outright

3Using the PCE inflation rate does not alter the results in a significant way. However, later in the model is slightly more

convenient to match the movements of the price level.
“The nominal 10-year yield on government bonds is not robust to changes in the hyperparameters of the model, and its

response after a QE shock can be insignificant or even positive in some rare cases. The TIPS 10-year yield is robust to changes



on the balance sheet of the Federal Reserve denoted as QE;, the S&P500 index denoted as Q;. The federal
funds rate is not included in the BVAR model since it has been pegged to zero for most periods under

examination.’

The matrix A allows for simultaneous effects among the variables in vector y;. Moreover, By is a vector of
constants and B; forj = 1,2, ..., p is a matrix with the effects of the pth lag of the variables on current variables.
Finally, u; is a vector of orthogonal shocks with the following properties: E (ut) = 0 and E (ugu’) = T,
where I' is a diagonal matrix. The identification method used is the triangular decomposition method, which
imposes two sets of restrictions: i) the matrix of contemporaneous effects is lower triangular so that the
variables preceding a shocked variable cannot respond immediately to the shock. In contrast, the variables
following the shocked one can respond immediately to the shock, and ii) the matrix of contemporaneous
effects has ones in its main diagonal, so that any shocked variable changes by one unit. In this experiment,
the variables are put in the order they appear in vector y;. Macroeconomic aggregates such as real GDP, real
investment, and the price level go first, assuming they cannot respond contemporaneously to a QE shock.
Then, the 10-year nominal yield follows as it can respond to shocks on macro variables and monetary policy
aggregates within the same period. The last variable is the stock market index, assuming it can respond to

shocks in all previous variables.

The prior distribution used is the dummy observations prior, which allows the expression of a prior belief
that variables contain a unit root and might be cointegrated. The values of the basic hyperparameters are
the following: A9 = 0.6, A; = 0.03, A, = 0.5, A3 = 1, and the values of the hyperparameters for unit roots
and cointegration are set equal to A¢ = A7 = 0.1. These values are within the range of values suggested in
Dieppe et al. (2016). The number of lags is set equal to p = 2 after comparing the DIC for different values
of p. Given that the dataset starts in the first quarter of 2008, the series of extracted structural shocks starts
in the third quarter of 2008. The draws from the posterior distribution are made using the Gibbs sampler:
50.000 draws are generated, and 20.000 are discarded. The model is estimated with the BEAR Toolbox as in
Dieppe et al. (2016).

2.3 US Results

Figure 1 contains the median IRFs corresponding to a positive shock in QE;, together with the 95% error
bands. An increase in the securities held outright by the Federal Reserve by 1%, which translates to an

increase of roughly 31.6 billion dollars on average for the period of interest, leads to an increase in GDP,

in hyperparameters and is used instead. In addition, ultimately, it is the real interest rate that matters for the response of the

economy after the shock.
SEven if the federal funds rate or a proxy for the federal funds rate is used in the model, such as the shadow rate, as measured

by Wu and Xia (2016), the results are not altered in a significant way.
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Figure 1: Impulse Responses to 1% QE Shock in the Baseline Specification
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shock. The identification method used to identify the structural shocks is the triangular decomposition method.

an increase in real investment, and an increase in the PCE index. Specifically, following the QE shock,
the median increase in GDP is around 0.013% after one quarter. The positive effect on GDP is persistent,
increasing over time because of the persistence in the response of the QE measure. Regarding real investment,
one quarter after the shock, the positive effect is close to 0.042%. Investment continues to rise at a higher rate
for two more quarters, and then the rate of increase falls. The positive effect is persistent. On the other hand,
the PCE index increases by around 0.007% one quarter after the shock. The positive effect is persistent and
increases slowly over time.

Turning to asset prices and asset returns, the QE shock leads to a decrease in the yields of 10-year bonds
and a rise in the stock market index at the time of the shock. Specifically, the initial effect on the yield of
the 10-year TIPS is a decline of around 0.7 percentage points. The maximum effect occurs after six quarters
and is a decline of about 1.14 percentage points. Then, government bond yields slowly revert to their mean.
On the stock market side, the S&P500 increases at the time of the shock by about 0.033%. The stock market
index continues to increase over time and the positive effects take values close to 0.55%.

Figure 2 presents the identified QE shocks for the period of interest and the 95% error bands. The periods

during which the various QE programs were announced and implemented are also included, with light grey
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Figure 2: Identified QE Shocks to Securities Held Outright
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for the periods where the Federal Reserve balance sheet was expanding and dark grey for the periods where
the balance sheet was shrinking. Figure 2 shows significant positive QE shocks clearly distinguished from
the rest for the period of interest during every QE program adopted by the Federal Reserve. The first shock
occurred in Q1 of 2009, at the heart of the Great Financial Crisis. The second occurred in Q3 of 2010. Then
there is a series of positive shock between Q1 of 2013 and Q1 2015. The last positive QE shock occured in Q4
of 2020, at the heart of the Great Lockdown Recession. There are also negative QE shock identified during the
Quantitative Tightening period Q2 2017 and Q3 2019. The identified QE shocks reflect exogenous deviations
in the securities held outright by the Federal Reserve to the linear rule assumed in the VAR model. The most
considerable shock is the one associated with the first QE program when the Federal Reserve introduced
big-scale long-term asset purchases. It is also worth noting that the shocks are estimated with a high level of

precision since the error bands are tight.

2.4 Emerging Markets Panel BVAR

With the US quantitative easing structural shocks at hand, we can examine the effects of QE on emerging

markets by introducing the shocks in a panel BVAR of the following form:
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q q
Wit =) Cijwitj+ Y Dijugrej+ Fixe + vig, (2.2)
=1 =0

where wj; = [Yi,t, Liy, it, CAip, My, ift, Eis, Qi,t] is the vector of endogenous variables for country i, which
includes the real GDP Y;;, real investment I;;, the CPI inflation rate 77;;, the current account-to-GDP ratio
CA;, the M2 money supply M, ;, the nominal yield on the 10-year government bonds® ift, the real exchange
rate &;;, and the MSCI stock market index Q;; expressed in local currency. The other regressors are the
median identified US QE shocks ugg-j, and a vector x; containing exogenous variables such as the global
price index of commodities, which accounts for the fact that some countries in the panel are commodity
exporters, indicator variables for European countries during the European debt crisis period, and the total

production of OECD countries. Finally v; ; is the shock with zero mean and a covariance matrix X.

The identification method used is triangular decomposition. The variables are put in the order they are
included in vector wj . Again, macroeconomic variables such as the GDP, investment, the inflation rate, and
the current account-to-GDP ratio go first. It is also assumed that the central banks of emerging countries can
respond to shocks in output and inflation within the period, so the money supply variable is next in order.”
Then, the nominal yield on government bonds follows as it can respond to shocks on all previous variables.
The real exchange rate, in turn, can respond to shocks in all previous variables and is the next variable in
order. However, changing the order of the yields on government bonds and the real exchange rate does not
alter the results in a significant way. The last variable is the MSCI stock market index, assuming that the

stock market can respond to shocks in all previous variables.

A pooled estimator is used for the panel BVAR in the baseline case. Later, the results on a specific country
based on a random effects estimator are also discussed. The values of the hyperparameters are Ag = 0.6,
A1 = 0.15, A = 0.5, and A3 = 1.25. The number of lags is set equal to p = 2, given that the number of
endogenous variables is relatively large. The draws from the posterior distribution are made using the Gibbs

sampler: 50.000 draws are generated, and 20.000 are discarded.

2.5 Emerging Markets Results

Figure 3 contains the IRFs corresponding to a positive QE shock. The shock leads to a statistically significant

increase in the GDP of emerging market economies since the median response is close to 0.037% after one

®Here the nominal yield is used since for many of the emerging markets there was no data availability on inflation indexed
bonds. Also, the time series of the 10-year yield for Turkey did not cover the whole period of interest, and for that reason the yield

on the 5-year bond is used instead.
"The money supply variable is also used as a proxy for the QE measures that some emerging market countries implemented

during the Great Lockdown Recession, given that QE is financed by reserve creation, which increases the money supply.
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Figure 3: Panel response to 1% structural shock in US QE
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to a 1% positive US QE shock.

quarter. The effects on GDP are persistent and keep increasing. The positive QE shock leads to an increase
in real investment by 0.079% after one quarter. The maximum effect occurs two quarters after the QE shock
with a magnitude of 0.145%. The QE shock also leads to an increase in CPI inflation. One quarter after the
shock in QE, CPI inflation increases by around 2.8 percentage points, which is also the maximum effect. The
response of inflation remains positive for several quarters after the QE shock, but over time it reverts to its
mean value. The current account-to-GDP ratio declines over time, although the initial response is ambiguous.
The decline could result from the currency appreciation as implied by the real exchange rate response.

On the other hand, QE leads to a persistent increase in the money supply. This could be a countermea-
sure from the side of emerging market economies to the QE shock that leads to an appreciation of foreign
currencies. As for government bond yields, the QE shock leads to an initial increase in the 10-year yields,
which implies lower bond prices. This result contrasts the previous empirical literature that reports a nega-
tive movement in long-term bond yields after a US QE shock. However, it is robust to changes in the number
of lags, or the ordering of endogenous variables. This movement could result from higher inflation expec-
tations induced by higher inflation. The previous literature has reported that inflation expectations are not

well-anchored in the EMEs, so an increase in inflation could trigger expectations for higher inflation in the
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future, which could lead to an adjustment of the government bond yields to higher levels. The maximum

effect on long-term yields occurs four quarters after the shock.

The response of the real exchange rates at the time of the QE shock is statistically insignificant. Neverthe-
less, the real exchange rates decline over time, implying a real appreciation. A simple UIP-style argument
could explain this effect. Given that nominal yields on long-term government debt increase in the emerging
markets and decrease in the US, investors choose to hold more securities of the emerging market economies,
increasing the demand for emerging market currencies, which results in nominal appreciation. As long as
the price levels between the EMEs and the US economy do not offset the nominal appreciation, there is also
real appreciation. The effect on the real exchange rate is persistent and maximized after the 12 quarters,

equaling 0.178%.

Finally, on the stock market side, the MSCI index movement at the time of the shock is statistically
insignificant. However, the effect strengthens and becomes positive over time. After twelve quarters, the
index remains elevated by 0.777%. The stock market movements could result from US investors searching

for higher yields, given that bond prices in the US increase and expected returns fall.

2.6 The Case of Mexico

This subsection contains the results of the panel BVAR based on a hierarchical random effects estimator for
the country of Mexico, which is the country that will be used later for the calibration and the estimation of
the two-country model. The random effect estimator estimates a BVAR model for every country in the model,
implying that the vector of endogenous variables contains too many variables for an individual VAR model.
For that reason I follow the methodology of Bhattarai et al. (2021) and consider a baseline case in each
country where the vector of endogenous variables contains five variables: Wi = [Y;, 7it, Mit, Eit, Qi¢].
Then, I re-estimate the individual models by adding one of the remaining variables from (2.2) at a time, in
the same order considered in the previous subsection. In this part I use three lags for the variables of the
BVAR model.

Figure 4 contains the IRFs for the Mexican economy after the shock in US QE. The QE shock in the US
leads to a statistically significant increase in the GDP of Mexico. The median response of Mexican GDP is
close to 0.038% after one quarter, while the maximum effect takes place after two quarters with a magnitude
close to 0.059%. The effects on GDP decline and revert to zero over time. The QE shock also leads to an
increase in real investment, which follows a similar path to real GDP. One quarter after the shock, investment
increases by around 0.054%, and the maximum effect occurs after two quarters with a magnitude of around
0.143%. Next, CPI inflation increases by around 0.01 percentage points one quarter after the shock. The

maximum effect occurs in the next quarter when CPI inflation increases by around 1.4 percentage points.
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Figure 4: Aggregate responses in Mexico to 1% structural shock in US QE
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Notes: The above panels show the median IRFs and the corresponding 95% error bands of aggregate variables in Mexico to a 1%

positive US QE shock.

Inflation then quickly returns to values that are close to zero.

Regarding the current account-to-GDP ratio, this ratio falls, and the response remains negative over time.
The maximum effect occurs three quarters after the QE shock. This could result from currency apprecia-
tion. In addition, the money supply increases over time and this could be a countermeasure to currency
appreciation, in order to minimize the deterioration of the current account-to-GDP ratio.

Regarding asset prices and returns, the QE shock leads to an increase in the 10-year yields. This movement
is similar to the one reported in the case of the pooled estimator. The maximum effect on the long-term
yields occurs two quarters after the shock. On the other hand, the QE shock leads to a real appreciation
of the Mexican peso. The initial effect on the real exchange rate is a change of -0.076%, although the initial
movement is not statistically significant, while the maximum effect takes place after two quarters and is equal
to -0.219%. On the stock market side, the MSCI index increases at the time of the shock by about 0.07%, but
again this movement is not statistically significant. The effect is maximized in the next period, taking a value

of around 0.353%. Over time the stock market index falls and reverts to its steady state value.
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3 A Two-Country HANK Model

In this part I present a two-country HANK model which produces similar movements in macro aggregates
and asset prices to those found in the empirical part for both the US economy and a typical emerging
market economy. The goal of this model is to examine the distributional effects of a US QE shock in both
countries, when the variables of interest follow similar paths to those implied by the previous BVAR models,
and important distributional moments are matched. The model contains typical New-Keynesian frictions,
such as nominal rigidities in prices and wages, and investment adjustment costs, to account for the slow
adjustments in GDP investment and prices. However, the model is also enhanced with financial frictions in

both countries, in order to generate differences in the returns of various assets and make QE effective.

3.1 Domestic Households

The demand side of the economy consists of infinitely-lived households indexed by i € [0,1]. Households
are assumed to be ex-ante identical but ex-post heterogeneous due to the evolution of their idiosyncratic
productivity shock e;, and their different holdings of illiquid and liquid assets, a; and d;. Each individual i
derives utility from consumption ¢; and disutility from labor supply /;. In each period individuals choose

consumption, labor supply and savings to maximize lifetime utility

o0

max Ui = ]E() Z ‘Bt [M (Cit) —0 (l,t)] (3.1)

{cit, Lit, aie, dit Y t=0

subject to

_ 1+iP
cit +dit + ajyp + E (ai, ai—1) + Tt = (1 - TL) weljreir + Tttldit—l + (1 + Vf‘) Ai—1 (3.2)
X2
- X1 |4it — (1 + VtA) Ajt—1 [( A
E(ay,a;_1) = =— 1—|—r)a'_—|- } 3.3
( its Ajt 1) Y2 (1_“‘;4) a1+ X0 t it—1 T X0 (3.3)
ajp >0, diy > d. (3.4)

Equation (3.1) is the period budget constraint written in real terms. Household i spends c;; for consumption
goods, d;; for liquid assets, a;; for illiquid assets and 7; for lump-sum taxes. The saving decisions are
constrained by the liquidity constraints given in (3.4). The decision for the illiquid asset is subject to a cost
of adjustment which takes the form given in equation (3.3) with xo, x1 > 0 and x» > 1.

Individuals finance the expenditures for consumption and savings with income earned from various

sources. The first source is after-tax labor income (1 — TL) wyl;se;;, where TL denotes a linear labor income
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tax, w; denotes the real wage, I;; denotes the amount of labor supplied which is decided by a labor union for
each individual, and e;; denotes the productivity shock received by household i. The latter is modeled as a
Markov process with transition probability matrix Q) (e;11|et). Other sources of income are interest payments

. . . 14iP . s . . .
on previous liquid savings ?Ittfldit_l, and previous illiquid savings (1 + r?) a;;_1. The interest rates in the

previous terms are determined in equilibrium by the behavior of financial intermediaries. The tax rate T" as
well as the lump-sum tax 7; are taken as given by the households. All households share the same utility per

period utility function, which has the following form

Cl—a -1 ltlJrv
- = — 3.5
uler) —v(ly) =7~ — M1 (3-5)
where ¢; is a consumption basket of domestic and foreign goods® given as
L=l g 1=l
ct = |(L—wu)icy, +uicy . (3.6)

In the utility expression, ¢ is the coefficient of relative risk aversion, v is the inverse Frisch elasticity of labor
supply. In the definition of the consumption aggregator y is the familiar measure of the openness of the
economy, and 7 is the elasticity of substitution between domestic and foreign goods. It is well known that

the demand functions for domestic and foreign goods satisfy the optimality conditions

P -1
Cre=pi (FF:) ¢t (3.7)
P -1
e = (1—p) (TH:) ¢, (3.8)

where in the previous expressions Pr; is the price level of foreign goods in domestic currency units, Pg; is
the price level of domestic goods, and P is the general price level. This index, in turn, is defined by
1
I-1

Pr=|(1— )Py +uPy " (3.9)

The law of one price is assumed to hold at the good level: producer currency pricing holds, so there is full

pass-through of exchange rates to foreign currency prices. Hence,

Pr; = &P}, (3.10)
P,

Py = —4-, (3.11)
Er

8 At this point the subscript i is dropped to facilitate exposition. However the expressions still refer to any household i.
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where &; is the nominal exchange rate. The real exchange rate is defined by

E P
E, = =L, 12
t B, (3.12)

Moreover, the terms of trade for the domestic country are given by

Pre

S, —
' Py

(3.13)

Using the law of one price and the definitions of the terms of trade and the real exchange rate, the terms of

trade can be expressed as a function of the real exchange rate as follows

1

(1 _ 1-n7 1
S = [" 1_1(71 M) E; ] . (3.14)
ME, 7 —(1—p*)

3.2 Labor Unions

Labor unions are introduced as a way to allow for sticky wages in the model economy. Each household i
provides differentiated labor services /;;ej; to a labor union and then the union sells these labor services to
a representative and competitive labor recruiting firm. The labor recruiter demands the same amount of
differentiated labor as the intermediate goods producers. The problem of the labor recruiter is to minimize

the cost of producing a given amount of aggregate labor:

1
min CFR = / Wigledi (3.15)
0

Lit

subject to the technology constraint

1 ew—1 Szfz%l
Ly = {/0 (Ijf) = eit] , (3.16)

where ¢, is the elasticity of substitution between differentiated labor services. The demand of the labor

recruiter for each differentiated labor service is

W —&w
lip = (Wlt) Ly, (3.17)

1
where in the last equation W; = [fol eitwit_sw} "™ is the equilibrium nominal wage. The labor union picks

the same nominal wage W;; = W; for all households to maximize profits, subject to a wage adjustment cost
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a la Rotemberg (1982). The cost is proportional to the amount of total effective labor L; and is denoted as

E% (Wi, Wi_1, Lt). The problem of the union can be expressed as

. _ L\ 1A AT
‘/tw (Wtfl) = max {/ €t (1 T ) th (Wt, Wt, Lt) di — 0 (l (Wi’/ Wf/ Lt))

Wi Py u' (Cr)
N 2 ~
W, Ve (W
—/g—“’ RALEN | Lteitdi+L(t) . (3.18)
2 \W,_4 14714

In the previous equation V(.) is the value function of the union, r;1 is the real interest rate’ in period ¢ + 1
and &y, is a parameter that determines the magnitude of the cost of adjusting wages. In the special case that
¢w = 0, wages are fully flexible. In equilibrium Wi = W; and I;; = L;. The optimality condition for the

union’s problem is a Phillips curve relation for wages:

Ul (l (Wt, Lt)) 1

Lita
ey T e (W~ DI, 7 = = G (I = DI (3.19)

L;

<1 - TL) (1 —ew) Wi + €
where in equation (3.19) nominal wage inflation can be written as

Wt

(3.20)

3.3 Commercial Banks

The first type of financial intermediaries in the economy is commercial banks. There is a continuum of
commercial banks indexed by b € [0, 1]. Each bank collects part of the liquid savings Dy; of households and
issues deposits that pay a nominal return (1 + iP) subject to an exogenous cost of financial intermediation
that lowers in equilibrium the real return on the liquid asset. These deposits are invested in nominal reserves

controlled by the central bank. The balance sheet constraint of a commercial bank in real terms is

Myt = Dyt + Npyt, (3.21)

where Ny, is the real net worth of commercial bank b. The budget constraint of a commerical bank is

14 14!
My + ( Ht : +‘§D> Dp—q = < a 1) Mpt—1 + Dy (3.22)

t IT;

9Since the experiments studied here are perfect foresight experiments after one-time MIT-type aggregate shocks in period t = 0,

the real interest rate can be used as the global discount factor for every agent different than households.
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The combination of the balance sheet constraint with the budget constraint gives the net worth evolution
equation which expresses net worth as the difference between interest rate payments received on previous

central bank reserves and the interest paid on households’ previous deposits

14iM 140
Nyt = ( : 1) My — ( o, 1+¢D> Dit-1. (3.23)

The real return on any asset j is defined by the Fisher equation

.
1+ zt_l.

147 =
+ 1y I,

(3.24)

The problem of a commercial bank is to pick optimally the amount of real reserves M;; to hold, and the
amount of real deposits Dy, to issue so as to maximize the present discounted value of the weighted average
of net worth in the next period and the continuation value in the next period, where the weighting scheme
consists of the corresponding probabilities of exiting the market and continuing operating in the market for

one more period:

1
Vit (Npt) = Mli}%bt { - [(1 = 6p) Npts1 + 05 Vi1 (th+1)]} (3.25)

subject to equations (3.21), (3.23).

Proposition 1: The commercial bank’s value function is linear in net worth and satisfies

Vbt (th) = Z'bet with Zt =1. (326)

Proof: See Appendix B.1. B

Using the two constraints (3.21) and (3.23) in equation (3.25), and the definition in (3.24), the optimality

condition for the commercial bank is

riv1 =10 + & (3.27)

Equation (3.27) says that the financial intermediaries will accumulate reserves until the expected real return

on reserves equals the expected real cost of deposits. Due to the financial intermediation cost the real return
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on deposits is lower in equilibrium than the real interest rate. Finally we can aggregate the individual net
worth evolution equation (3.23) over b by taking into account the survival rate ), together with the fact that
new banks, when entering the market, get a transfer w,M;_1. In this way we get the equation for total net

worth evolution written at the end of period t as:

Ni =8, |(1+70) M1 — (14 P + &) Dia| +wpMi 1. (3.28)

The profits of the commercial banking sector are given by

My = (1= ) [(1+7) My — (14 7P +8p) Dia| — My 1. (3:29)

The above expression is just the total net worth of exiting banks minus the resources given to new banks.
Part of the profits of the commercial banks is taxed by the government at a rate T”. The remaining part is

given to the mutual fund which owns the commercial banks.

3.4 Investment Fund

In the economy there is a hypothetical investment fund which collects the illiquid savings of households A;
and invests these resources in deposits issued by investment banks. The investment fund is the owner of
all firms and collects the profits. In equilibrium it pays a real return to households 7{* subject to a cost of

intermediation ¢ 4. The balance sheet of the investment fund is

A, =F, (3.30)

where F; is the real deposits of the investment fund in the investment banks. The budget constraint is

F + (1 rrh g gA) A g = (1 — TD> D+ A+ (1 + rf) F 1, (3.31)

where D is the aggregate profits of all firms in the economy taxed at the rate T”. The mutual fund is
assumed to operate under a no-retained earnings rule. This, together with the balance sheet constraint imply
that in equilibrium the real return paid to households is

(1—1P) Dy

A A T T (3.32)
A
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3.5 Investment Banks

The second type of financial intermediary in the home country is investment banks. This is modeled in a
way similar to Gertler and Karadi (2011) and Gertler and Karadi (2013). There is a continuum of financial
intermediaries indexed by n € [0,1]. Each bank collects part of the investment fund’s deposits F M and
pays a nominal return on these savings in the next period equal to (1+if). It also collects dep051ts from

the banks of the foreign economy H;&; and pays a nominal return (1 + z{{*> Er+1 In the next period. With

BMF

these funds available, the investment bank invests in domestic government bonds with price g; that

MF
Knt+1

with price g; that pay a nominal return (1 +iP ) The balance sheet

pay a nominal return (1 + if), capital claims issued by the intermediate goods firms P;
B

with price Q,
and foreign government bonds

constraint of each financial intermediary in real terms is

QiKMF 4 g, BMF 4 g BxMFE, — FMF L H* E, + NMF, (3.33)

The budget cosntraint in real terms has the following form

QKM + qiBAF + g B E+ (14 ) B 4 (14 rf7) Hyy o

MFE B* MF MF (3.34)
(1 + 11 ) Q- 1Knt 1t (1 + 14 ) gi-1Byp1 + (1 + 1y ) 0 1By Et + Fypw + HyEy

The combination of the previous two equations gives the evolution of net worth in every period, which is

described by the difference on interest rate payments received on assets with the interest paid on liabilities

NMF = (1 7K) = (177 ) | QeakE 4+ [(14 ) = (14 0F) | quaBYE + (14 ) NI,
(3.35)
+ [(Hr?*) % - <1+rf)] G BIMEE o+ [(Hrf) — (14" E]f* ] Hiy 1Ep1.

QMF QMF

In each period a fraction of banks continues to operate, while the remaining fraction 1 — exits the
market. The banking sector is characterized also by a moral hazard problem. In each period a bank can
declare bankruptcy and get away with part of the assets. A banker will avoid diverting the assets when the
value from continuing operating in financial intermediation and investment VMF is greater or equal than the
value obtained from diverting the assets. Putting all the previous together, we can express the problem of a

bank as follows:

1
yMFE (NMF = m [( — gpMF) NM oMEyM (N } 3.36
nt nt ) KMF, B%F,%Xz?AF’HL 14711 ) t+1 + t+1 nt+1) ( )
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subject to equations (3.33) and (3.35), and the incentive constraint

VMF (NMF) > KMF 4y B A B*MFE 1 CB*‘I?BZ?AF 3.37
nt nt > AkQeKyy" + Apge i B*{t + 5 2 QtKMF (3.37)

The last term in the right-hand side of (3.37) is quadratic. This formulation induces an interior solution for

the bank’s choice of B:MF, without affecting the qualitative insights obtained from the linear case.

Proposition 2: The investment bank’s value function is linear in net worth and satisfies

VAIE (NMF) = =MENMF (3.38)
/\B 1+ T’F
Zg\/ﬂj — t+1 QMF + QMFZ (339)
1 t+1
Ap— TFria (1—6MF + QMFZtH) (rt+1 rt+1) L+re ( >

Proof: See Appendix B.2. B

The optimality conditions corresponding to the bank’s problem consist of the bank budget constraint and:

2
1 . K _ F - Cpr GItB*MFEt
(1+6y) T+ (1 0b+9bz‘t+1) (7t+1 rt+1> O [/\K Ap =5 ( QKMF
(3.40)
1
(1+00) 1 — (1 —9b+9bz£ﬁ> (rtBH —er) = OAg (3.41)
E q*B*MFEt
1+0 1— 0, + 0,xME {1 L (14 4f }:@A*<1 1t Znt =0 3.42
(1+ t>1+7’t+1< b+ Op t+1) ( + t+1) E ( + t+1) tAB + ¢ Q:KMF (3.42)
1 Eiiq
(1+00) 1, — (1- 6 +0,m14%) [(1+rf+1> — (1+11) ; } =0 (3.43)

From the above equations it can be deduced that if the incentive constraint binds then the expected returns
among various assets will be different in equilibrium. The amount of capital claims held by the banks is

determined by the aggregate incentive constraint

gmr — 1 SMENME _ ApgiBMF — Ap.qiBXMFE, (1 + 22 Cp 4B Bt (3.44)
t /\KQt t t t t 2 QtKi{VH: .
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Finally we can aggregate the individual net worth evolution equation (3.35) over 7, and take into account
the survival rate MF and the fact that new banks get a transfer wMF (Qt_lKﬁﬁ + q,g_lBM +q;_ 1B FE,_ 1)
which is a fraction of the total assets held by banks in the previous period. Then, total net worth evolution

written at the end of period t is

NME = oMFL(1408) = (1) | QeakM + [(1+7F) = (14 7F) | g aBME + (14 ) NME
+ {<1+rt3*> % = (1—|—rf)] g1 BYMFE, 4 + {(14—1{) - (14" %] HMFE, 1} (3.45)

+ M (Qt 1KY + g1 B+ BN 1)
The profits of the investment banks are given by

MF
pmF _ 1= 0% “’—(Q KME 4 g, BME 4 gx B*MFE ) (3.46)
t gMF 't gMF \=t=184-1 T qt-15¢—1 g1 t—1 .

The above expression is just the total net worth of existing banks minus the funds given to new banks. Part

of the profits of the financial sector is taxed at a rate 2. The remaining part is given to the investment fund.

3.6 Final Goods Producers

Perfectly competitive firms in the final good sector produce the final good Yy; using as inputs a continuum
of intermediate goods Y}, with j € [0,1]. They take as given the input prices and choose the quantities of

intermediate goods to maximize profits

max DF = Py Yy — / Pl Yld (3.47)
Yhi
subject to
L Pl T
— ep ;
Yo = /O (YHt> d]] , (3.48)
where Pi{t is the price of intermediate good j. The solution to the above problem is standard
, P\
Yi,=|Z2]  Yar 3.49
Ht < Py ) Ht ( )



3.7 Intermediate Goods Producers

There is a continuum of firms in the intermediate goods sector indexed by ] € [0,1]. Each firm j has access
to the same CRS production technology which combines labor L]t, capital K/ 11, and total factor productivity
Z; to produce output Yqut:

Y =7 (K,)" (L]>1 ' (3.50)

Intermediate goods producers hire capital and labor in perfectly competitive markets in a way that minimizes

the cost of production

Enm] ¢l = wl]+ (1 + rf) Q1K — (Qi =8 K_, (3.51)
K Ly

The cost minimization is subject to the production function (3.50). The optimality conditions are

c_ 1 [ Yh
ry = MG +Qr—d | —1 (3.52)
Qt-1 Ki .
Yy
t

o 1—«
MCt:(g) (12{) : (3.54)

In the previous equations MC; is the real marginal cost of production. Total cost is then

cl = (1 + rf) Qi 1Kl — (Qi — 8) K/_, + wiL] = MCyY],,. (3.55)

Intermediate goods producers also pick the price of their products subject to the demand for intermediate
inputs from the side of the final good producers as given in (3.49). However, every time they adjust their
prices they have to undertake a price adjustment cost a la Rotemberg (1982), which is denoted here as

= (Pﬁt, P}{t 1 g1, YHt)- This cost is proportional to the final good. The optimal pricing problem is

o pl P\ " & [ Pl p Vi (Ph)
j (pi _ Ht _ Ht _ 2P| _ZHt b 1=¢) THt N
vl (Pl 1) = max ( MCt) ( ) Y - My Tl ) 5o+ —

Ht—1
(3.56)
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In the previous equation IIgy = 1 is the steady state gross inflation rate. Also, { measures how strong the
backward looking behavior of the firms is when setting prices in an equivalent Calvo price-setting setup.
In equilibrium P}, = Py, so the optimality condition for the optimal pricing problem gives rise to a New

Keynesian Phillips Curve augmented with a backward looking inflation term

P

1+ 741 Yur Py

In the special case ¢, = 0 prices are flexible and real marginal cost is MC; = %%’f The dividend paid is

Py 2 \ Py i3

P & [ P \*p
ﬂ-MQ--”( H —Hgt_ln}q?) Hf] (3.58)

Part of the dividends is taxed at rate T°. The remaining part is given to the investment fund.

3.8 Capital Producers

A representative firm buys the capital stock at the end of any period ¢, builds new capital to replenish the
depreciated capital, and then sells the total amount of capital to the intermediate goods producers for a price
Q:. New capital is built in each period t by undertaking investment I,;; subject to increasing and convex

investment adjustment costs denoted as E! (I, I;_1). The objective of the capital producing firm is

max —1) Ins — Ht_l( e —1) Ins + 1 3.59
i S\ ey T+ ek Q= hws =575 Ins—1+1 (s +1) (3.59)
where new and total investment satisfy the law of motions
Int = It — 6Ky (3.60)
I =K —(1—-9)Ks_1. (3.61)

The optimality condition is

O+ 1 PHt+1‘:I<Int+1+I_1> (Int+1+1)2:1+@ 61( It +1 _1> Lot + 1 +Q( Lt + 1
147141 P Lt + 1 L1 +1 Lypa+1 2 \1

(3.62)
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Also, I; is a basket of domestic and foreign investment goods given as

= =
I = {(1—;:)'71,{’1 +unly/ } : (3.63)

The demand functions for domestic and foreign investment goods satisfy the optimality conditions

-7
Ipp=p (E) Iy (3.64)
by
P -1
It = (1= p) (TH:) I, (3.65)

Part of the dividends of the capital producers is taxed at rate . The rest is given to the investment fund.

3.9 Monetary Authority

The central bank is conducting monetary policy by changing the nominal interest rate on reserves i and by
purchasing government debt thCB, and firms equity claims PtQthCB . The central bank balance sheet in real

terms takes the following form

:BEB + QKB 4+ (1+ 1) My_q + TCB = (1 + rtB> g:1BCB, + (1 + rf) Q;_1KCB, + M;, (3.66)

where T¢8 is the real lump-sum transfer between the monetary authority and the fiscal authority. The central

bank behavior is described by policy rules. The nominal rate on reserves is given by a Taylor rule

(1—p)¢n1 (1-p)¢y (1-p)¢s
1+ ifw = max {(1 + r)l_P <1 + ii\&)p (%) (%) ! (%) , 1} . (3.67)
H

In equation (3.67), r is the steady state real interest rate and p is a parameter that measures the inertia in the

Taylor rule. The central bank’s asset purchases are given by

(74
8 ~vcp | (LF1H) / (1+75) QK
QiKy” = QK A%/ (057 0K (3.68)
(V]
CB __ _pCB (1 +rf’+1) / (1 +TB) q¢ B¢ 3.69
WS T 7@ | B 5
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Equations (3.68) and (3.69) imply that the central bank increases the amount of asset purchases when the
expected spreads on private assets and government bonds increase.
The last rule is about the lump-sum transfer of the central bank. By assumption, the central bank operates

under a balanced budget rule, so that T? = 0 in every period. Then, the amount of reserves adjusts

M; = :BEB + QKB + (1 4+ 7) My_q — (1 + rf) q:_1BCE — (1 4 rf) Q,_1KCE,. (3.70)

3.10 Fiscal Authority

The fiscal authority obtains revenues from household lump-sum taxes and labor income taxes, and also
from taxes on the dividends of all firms. It also issues new long-term debt and receives a transfer from the
monetary authority. These revenues are used to finance an exogenous path of real government expenditures

G, and pay the interest on previous debt. The government budget constraint in real terms is therefore

P
q:Bt + T + Tl Ly + 0Dy + TCB = (1 + rtB) Gi_1Bi_1 + %Gt. (3.71)
t

where the real return on government bonds is given by

1+rtB= 1+’)’5]ti.
gi—1 Iy

(3.72)

The fiscal rule behind the lump-sum tax follows the tradition of Leeper (1991) and specifies the lump-sum
tax as a constant amount plus a varying amount depending on the difference of previous government debt-

to-GDP ratio from its steady state level counterpart

_1B -1 qB
T =T+ (u——). 373
t L YHi—1 Yy (3.73)

Given the rule for lump-sum taxes, everything on the right-hand side of (3.71) is determined either exoge-

nously or by optimality conditions of other agents or by policy rules. So, new debt adjusts.

3.11 Domestic Market Clearing

There are several market clearing conditions in the model economy reflecting the various markets. They are

all summarized by the following equations:
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L= / Lidj = / 1, di (3.74)

M; — / Mydb (3.75)
D, = / dydi = / Dyydb (3.76)
K; = KMF 4 KEB (3.77)
B; = BMF 4 BCB (3.78)
. Q_* * * =1 =P
Ynt = Che + I + Gt + : (Ch + Igy) + Ep (Inty Lg—1) + Ef (Tge, g1, Yae) (3.79)

The set of equations (3.74) are the labor market clearing conditions saying that the total amount of labor
supplied is equal to the total demand for labor from the production side. Equation (3.75) is the market
clearing condition for reserves stating that the total amount of reserves offered by the central bank must be
equal in equilibrium to the amount of reserves held by commercial banks. Equation (3.76) is the market
clearing condition for liquid savings stating that the total amout of liquid savings offered by the households

must be equal to the amout of deposits offered by commercial banks.

Equation (3.77) is the capital market clearing condition. The capital claims held by financial intermediaries
and the central bank must be equal to the total amount of capital claims issued by the firms.!? Equation (3.78)
is the market clearing condition for government debt. The amount of bonds supplied by the government must
equal the amount of bonds demanded by the private banks and the central bank. Finally, (3.79) is the goods
market clearing condition which says that the total supply of goods must be equal to the goods demanded
by domestic agents for private consumption, private investment, government consumption, and adjustment
costs, plus the demand for domestic goods coming from abroad for consumption and investment purposes
weighted by the relative population size of the foreign economy % The combination of budget constraints

and market clearing conditions gives the balance of payments

P * P * * * * * * *
?Htt (CHt + Ilflt) - ?Ftt (CFt + IFt) =4 BfMFEt - <1 + T’tB ) gi—1Bi_1E¢ + <1 + 7’{{ ) H; Ei — H{ E; (3.80)

+ [ & (@ an) AT+ EoDi1 + Eadin

3.12 Foreign Economy and Equilibrium Definition

The foreign economy, the calibration details for the foreign economy and the equilibrium definition are all

presented in Appendix A.

19The total amount of capital claims is always equal to the total amount of capital.
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4 Calibration and Estimation

The domestic economy is assumed to be the Mexican economy. The model is calibrated over 2008-2021 using

quarterly data, in line with the empirical part.

4.1 Calibration - Domestic Economy

Households: The households are split into two categories: those with a high discount factor and those with a
low discount factor. Discount factor heterogeneity is used to hit the following calibration targets: i) the high
discount factor is set equal to B = 0.9925 so that households hold wealth in the form of liquid assets equal
to 73% of GDP as in Auclert et al. (2021c), and ii) the low discount factor is set equal to B = 0.9743 to match
the size of the hand-to-mouth households in the tradable sector, which is equal to 23%, as reported in Cugat
et al. (2019). The parameter measuring the relative weight of labor disutility is set equal to y; = 2.141 to
satisfy the steady-state version of the WNKPC (3.19). The pivot adjustment cost parameter is free and is set
equal to x¢ = 0.01. The scale adjustment cost parameter is set equal to x; = 31.438 to match the mean illiquid
assets ratio over quarterly GDP of 2.77, as implied by Auclert et al. (2021c). The curvature adjustment cost
parameter is set equal to xo» = 2. The trade openness parameter is set equal to y = 0.323 as in Auclert et al.
(2021c). The elasticity of substitution between domestic and foreign goods is set equal to 7 = 0.75 which is a
value among those used in the literature. The labor productivity process e; is assumed to follow an AR(1)
process with persistence p, = 0.968 and standard deviation of the shocks equal to ¢, = 0.487 as in Hong
(2020). The labor productivity process is discretized as a Markov chain with nine nodes. Finally, the grid
upper bounds for the households’ liquid and illiquid savings choice are set equal to @ = 6.571 and b = 3.644
to match the average wealth share of the top 10% and the top 1% given by the WID for 2008-2021."!.

Labor Union: The elasticity of substitution between different types of labor is set equal to ¢, = ¢, = 10. The

steady-state amount of labor is normalized to L = 1.

Commercial Bank: The unit cost of intermediation is set equal to {p = 0.0085 to make the liquid deposit
rate at the steady state equal to r” = 0.6% per quarter, which is close to the value provided by the World
Bank for the Mexican economy for the period of interest. The commercial bank survival rate is set equal to
0, = 0.97 which is a standard value in the literature. Then, the parameter controlling the magnitude of the

transfer received by new banks entering the economy is set equal to w = 0.002, a common value.

Investment Fund: The unit cost of intermediation is set equal to {4 = 0.0886 to achieve a steady state real

return on illiquid savings equal to 2% per annum.

11gee https:/ /wid.world /data/
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Investment Bank: The divertible fraction of domestic capital claims is set equal to Ax = 0.4, which is a
standard value in the literature. Then, the divertible fraction of domestic government bonds is set equal to
Ap = 0.369 to satisfy the steady-state version of (3.41). The steady-state real interest rate on government
bonds is equal to ¥’ = 6% per annum using the average real return for the period 2008-2021 on 10-year
Udibonos as provided by the website of the Bank of Mexico. The real deposit rate earned by the mutual
fund is set equal to rf = 0.6% per quarter. The divertible fraction of foreign government bonds is set equal
to Ap+ = 0.013 to satisfy the steady-state version of equation (3.42). The bank survival rate is ™" = 0.97 and
the parameter for the magnitude of the transfer received by new banks is calibrated to be w = 0.0012. The

home bias in bank funding parameter is set equal to {p+ = 450, a value that helps with model estimation.

Intermediate Goods Producers: Steady state output is normalized to Yy = 1, and the steady-state capital-
to-output ratio is set equal to % = 18.305 as implied by the Penn World Tables 10.0.!? The labor share is
1 —a = 0.37, the average for the period of interest in the same dataset. The capital share is « = 0.63. Since
L =1, then Z = K™* = 0.16. The elasticity of substitution between intermediate goods is set equal to ¢, = 10,

implying a steady-state markup of 11%.
Capital Producers: The depreciation rate is set equal to 6 = 0.015, which is also a common value.

Monetary Authority: The inflation coefficient in the Taylor rule is set equal to ¢r1,, = 1.5. The exchange rate
coefficient is set equal to ¢ = 0. The steady-state holdings of private and government securities are equal to
QKCB /Yy = 0.000678 and qBCB /Yr = 0.04047, the average values for 2008-2021, according to the website of
the Bank of Mexico on "Debt Outstanding".

Fiscal Authority: Given that r® = 6% per annum, the parameter that controls for the duration of long-term
government bonds is set equal to 7y = 0.9896 so as to match an average duration of 10 years / 40 quarters.'®
The tax rate on labor is set equal to L = 0.25 which is a standard value, while the tax rates on dividends of
intermediate goods producers and capital producing firms are set equal to T2 = 0.3. The ratio of government
debt over GDP is set equal to 4B/ Yy = 128.69%, which is the average value for the federal government debt
held by the public during 2008-2021. The average government spending-to-GDP ratio G/Yy was 12.17%
during the same period. The parameter controlling the adjustment speed of lump-sum taxes to public debt
changes is set equal to ¢® = 0.1, implying a strong reaction of taxes to government debt given the parameter
values in the Taylor rule for the nominal interest rate. Finally, the constant part of the lump-sum tax is

determined at the steady state to satisfy the government budget constraint and is equal to T = —0.061.

12Gee Feenstra et al. (2015)

131t can be shown that the modified duration of government bonds is md = 1J1rj;’f7. Setting md = 40 gives v = (1 + rB) (1 - %).
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Table 1:

Baseline Calibration of Parameter Values - Domestic Economy

Parameter Description Value Target/Source
Households
pH Household High Discount Factor 0.9925 D/Yy =073
gL Household Low Discount Factor 0.9743 HtM Households Size = 23%
[ Relative Risk Aversion Coefficient 2 Standard Value
v Inverse Frisch Elasticity 2 Standard Value
ML Relative Weight of Labor Disutility 2.141 Internally Calibrated
X0 Portfolio Adjustment Cost Pivot 0.01 Baseline Scenario
X1 Portfolio Adjustment Cost Scale 31.438 Al/Yy =277
X2 Portfolio Adjustment Cost Curvature 2 Baseline Scenario
" Trade Openess 0.323 Auclert et al. (2021c)
i Elasticity of Substitution Domestic/Foreign Goods 0.75 Baseline Scenario
Pe Autocorrelation of Earnings 0.968 Hong (2020)
o St. Dev. of Log-Earnings 0.487 Hong (2020)
a Upper Bound on a-grid 6.571 Top 10% Wealth Share = 79.5%
b Upper Bound on b-grid 3.644 Top 1% Wealth Share = 48.03%
Labor Union
ew Elasticity of Substitution in Labor 10 Standard Value
Commercial Banks
¢p Intermediation Cost 0.0085 P = 0.6% per annum
0y Commercial Bank Survival Rate 0.97 Baseline Scenario
w Entering Banks Transfer Magnitude 0.002 Baseline Scenario
Investment Fund
[ Intermediation Cost 0.0886 4 = 2% per annum
Investment Banks
Ak Divertible Fraction - Domestic Capital 0.4 Baseline Scenario
AB Divertible Fraction - Foreign Government Debt 0.369 Internally Calibrated
Apgx Divertible Fraction - Foreign Government Debt 0.013 Internally Calibrated
oMF Investment Bank Survival Rate 0.97 Baseline Scenario
wMF Entering Banks Transfer Magnitude 0.0012 Baseline Scenario
Cpx Home Bias in Bank Funding 450 Baseline Scenario
Intermediate Goods Producers
« Capital Share of Income 0.63 Avg. Value 2008-2021
ep Elasticity of Substitution Interm. Goods 10 Baseline Scenario
z TFP 0.16 Yg=1
Capital Producers
3 Capital Depreciation Rate 0.015 Baseline Scenario
Monetary Authority
o1 Inflation Coefficient - Interest Rate Rule 1.5 Baseline Scenario
¢E Exchange Rate Coefficient - Interest Rate Rule 0 Baseline Scenario
QKCB /vy CB-Held Equity 0.000678 Bank of Mexico Equity Holdings 2008-2021
gBCE /vy CB-Held Debt 0.04047 Bank of Mexico Government Debt Holdings 2008-2021
Fiscal Authority
% Duration Parameter 0.9896 Avg. Duration of 40 Quarters
7L Labor Income Tax Rate 0.25 National Accounts
0 Corporate Income Tax Rate 0.3 National Accounts
¢B Lump-sum Tax Adjustment Speed 0.1 Baseline Scenario
G Government Spending-to-Output Ratio 12.17% Average Value 2008-2021
qB/Yy Debt-to-GDP ratio 128.69% Avg. Value 2008-2021
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Figure 5: Impulse Responses to 1% QE Shock in the Baseline Specification
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variables in the US after a 1% positive US QE shock.

4.2 Estimation

Some of the parameters are estimated by matching the median impulse response functions of aggregate
variables in Mexico, and in the US economy presented in section 2, following the methodology of Christiano
et al. (2005). I assume that the structural shocks in QE from the US BVAR model in section 2 correspond to

iid innovations in the Taylor-type rule for real asset purchases for the foreign economy u?".

The estimated parameters for the domestic economy are the following seven: the degree of price sticki-
ness, ¢ pr the curvature of the investment adjustment cost function, ¢j, the elasticity of the central bank’s gov-
ernment bond purchases, {3,', the elasticity of the central bank’s interest rate policy with respect to output
¢y,,, the degree of wage stickiness, ¢y, the price indexation parameter, {, and the inertia parameter in the rule
for the nominal interest rate, p. The estimated parameters for the foreign economy are the following five: the

elasticities of the foreign central bank’s government bond purchases with respect to inflation and output, ¢rr:

4The elasticity of the central bank’s private asset purchases, ik, is by assumption set equal to the estimated value of yp.
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Figure 6: Aggregate responses in Mexico to 1% structural shock in US QE
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and iy, the foreign degree of price stickiness, ¢, the foreign degree of wage stickiness, 3, and the curva-
/

ture of the foreign adjustment cost function, ¢;. Letting 0 = [sz Sws €1, G, YB, Py O, g’,‘;;, Cror CT Y, Py;
and if G (0) denotes the vector of impulse reponse functions generated by the model, then, the parameters in

6 are estimated by solving

min [G (0) — 61" [G (0) — ¢], (4.1)

60

where G is a vector containing the median empirical impulse response functions for aggregate variables from
section 2. This vector contains 12 impulse response functions from both countries corresponding to the 12
parameters. The two impulse response functions not included in the estimation are the stock market index
IRF in the US economy, and the IRF for the current account-to-GDP ratio in Mexico.

4.3 Model Fit

The model IRFs for the US and Mexican economies are depicted in solid red lines in Figures 5 and 6,

respectively. Overall, the model produces impulse responses for macro aggregates that match those found
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Figure 7: Non-targeted aggregate responses to 1% structural shock in US QE
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aggregate variables in the US and Mexico to a 1% positive US QE shock.

in the empirical part. Regarding the US economy, the parameters related to the Phillips curve of prices and
wages imply a significant degree of price stickiness since ¢, = 395.65 and {;, = 1486.77. In contrast, the
investment adjustment cost parameter takes the value {7 = 4. In addition, the parameters governing the
Taylor rule for central bank asset purchases take the values iz = 11.48 and ¢yx = 5. As for the Mexican
economy the price and wage adjustment costs takes the values ¢, = 122.41 and ¢, = 251.82. The investment
adjustment cost parameter takes the value ¢; = 7.3, the price indexation parameter takes the value { = 0.507
and the central bank asset purchases parameter takes the value p = g = 0.55. The elasticity of the central
bank’s interest rate policy with respect to output takes the value ¢y,, = 0.0197 Also, the inertia parameter in
the rule for the nominal interest rate is set equal to p = 0.73.

Figure 7 contains the IRFs produced by the model for variables that are not targeted in the estimation,
including the US stock market index, and the Mexican current account-to-GDP ratio. Although the model
produces an increase in the US stock market index, this is relatively small when compared to the median
IRF produced in the empirical part. On the other hand, the deterioration in the current account-to-GDP ratio
is stronger than the empirical part. The model can be further modified to match these IRFs. For instance,
introducing adjustment costs in imports, as in Erceg et al. (2005), could help in reducing the strong negative
response of the CA/GDP ratio.

In addition, the model produces empirically plausible annualized marginal propensities to consume. For
the country of Mexico the MPC is equal to 0.667, which very close to the number reported by Auclert et al.
(2021c), and for the US economy the annualized MPC* is equal to 0.347, a value which is almost in the
middle of the values that have been reported in Johnson et al. (2006) and Auclert et al. (2020).
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5 Transmission Mechanism, Heterogeneity, and Inequality

In this part, the model presented in the previous sections is put to work, and the model results are discussed
and explained. The main object of interest is the transmission mechanism in both countries after a US

expansionary quantitative easing shock. Then, the movements in inequality variables are discussed.

5.1 International Transmission Mechanism

In this part, I focus on how the positive QE shock gets transmitted to both economies, starting from the US
economy, where the shock originates. The shock is assumed to occur in period t = 0 and has a persistence
of 0.85.!° As shown in Figure 8, an increase in the central bank’s government bond holdings first leads to an
increase in the price of the bonds because of the higher demand for bonds. Higher bond prices increase the
realized returns in period ¢ = 0. The financial intermediaries decrease their holdings of government bonds
due to higher prices and substitute these holdings with capital claims issued by the intermediate goods firms,
as implied by their incentive constraint, leading to an increase in the stock market value. The increase in
Tobin’s Q leads to a further increase in the net worth of financial intermediaries, which can then invest more,
triggering the financial accelerator mechanism. Capital accumulation and investment lead to an increase in
output. This, in turn, leads to an increase in the demand for labor. In addition, higher aggregate demand

leads to an increase in the aggregate price level.

As for the other US aggregate variables, consumption increases since constrained households increase
their consumption due to higher labor income and unconstrained households tend to decrease domestic
savings. The decrease in domestic savings takes place because the increase in inflation leads to a fall in the
real interest rate, given that the US economy is assumed to be at the ZLB, which lowers the rate that banks
pay to the investment fund, which in turn lowers the rate that the investment fund pays to the households.
The lower return on US assets incentivizes US households to increase their foreign savings initially, leading
to capital inflows to the Mexican economy. However, foreign savings also fall over time because the higher
asset prices in the Mexican economy also lower the expected returns on the Mexican assets, which in turn

determine the bank rate paid by the Mexican investment banks.

The Mexican economy is not affected by the QE shock only through the higher demand for savings from
US households. There is also a direct effect working through the balance sheet channel of investment banks.
The initial increase in the price of government bonds and the realized bond returns in the US economy leads

to an increase in the net worth of the Mexican investment banks. Then, through a similar mechanism to the

I5This persistence rate has been used in other studies for conventional monetary policy shocks. See for instance Ferrante and
Gornemann (2022).
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Figure 8: US Economy IRFs to 1% QE Shock

Consumptian Profits Production Factors

0010
0125

000
0,100

0006 — et Warth

= Profits

o \\.__

0.002 0025

0075

0004

% Deviation
% Deviation
% Deviation

0 o 000y === ———— - —————————
00 25 a0 TS 10.0 0.0 25 50 75 10.0
Quarters Cuarters Quarters

Asset Prices . Liquid/llliquid Returns Domestic/Foreign Savings

= Domestic Deposits
0.06 == Foreign Deposits
000 f=——m————— e 0ol 2 =

15 c I
g 004 = StockIndex 2 ~0.002 R N
= o =
5L} = Bond Price = 1]
(] & [
# ooz —0.004 =
-0.01
— ——— - = Liguid Rate
oo U S SR SR ~0.008 — |lliquid Rata
-0.02
0.0 25 50 75 10.0 0.0 25 50 75 0.0 0.0 25 50 75 10.0
Cuarters Cuarters Cuarters

Notes: The above graphs depict the impulse response functions of various US variables after a positive 1% shock in the government

bond holdings of the US central bank.

one described for the US economy, the banks increase their capital claims investments and decrease their
holdings of the more expensive US government bonds. The banks also reduce their holdings of the Mexican
debt because the monetary authority buys more bonds in the initial period due to the positive spread between
the government bond yield and the real interest rate.

Nonetheless, the net worth of the banks is now affected also by the exchange rate movements. The initial
appreciation of the assets at the time of the shock allows the investment banks to pay a higher interest rate
on their deposits, domestic or foreign, leading to an appreciation of the Mexican currency. Then, through
the net worth accumulation equation, a lower value for the exchange rate leads to a further increase in net
worth provided that the net foreign income from abroad for the banks is negative, which is true for the
current parameter values. In that case, the banks pay the US households more than what they receive from
the US government. Then, a currency appreciation means that the banks need to spend fewer resources to
pay the same amount of dollars to foreigners, so the banks’ net worth increases. The increase in net worth
triggers again the financial accelerator mechanism in the Mexican economy, which leads to a further increase
in capital investment. Again, output, labor demand, and labor income increase. Inflation initially increases,

but the strong response of the monetary authority on inflation leads to an increase in nominal rates, which
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Figure 9: Mexican Economy IRFs to 1% QE Shock
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increases the real interest rate and helps in bringing inflation down. In a currency appreciation scenario, the
price of the goods produced in Mexico increases relative to the price of goods bought by Mexico, leading to

higher real income, which leads households to consume more. Higher consumption boosts GDP further.

Regarding asset prices, the stock market index increases again since the banks buy more capital claims and
increase Tobin’s Q in Mexico. The initial jump in the price of capital also creates a jump in the realized return
on capital. On the other hand, the price of Mexican government bonds falls since it is determined by the
expected future returns on capital and bank deposits through the investment banks” optimality conditions.
Those expected returns are initially lower since asset prices jump due to higher investments of the banks.

On the households’ side, we observe an increase in liquid and a decrease in illiquid savings over time.
Although inflation initially lowers the liquid return, households still accumulate more liquid assets. This
could result from higher labor incomes and the desire of constrained Mexican households to substitute
consumption intertemporally by increasing their liquid asset holdings. Over time, households accumulate
more liquid assets as the central bank increases the nominal rate above the inflation rate, and the real liquid
return increases. On the other hand, illiquid savings initially fall due to the lower illiquid returns implied by

lower investment bank rates, but over time increase as the illiquid returns rise.
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Finally, from Figure 9, we can see that after the QE shock, Mexican imports increase significantly, which
is a clear consequence of the appreciation of the Mexican currency. The Mexican current account-to-GDP
ratio declines. Nevertheless, in a two-country world, one country’s trade deficit is the trade surplus of the

second country. Therefore, the US current account moves opposite to the Mexican one.

5.2 Consumption in the Transmission Mechanism

The decision to implement a monetary expansion through QE will ultimately affect the long-term real interest
rates, the short-term real interest rates, the real wages, and the lump-sum taxes. These changes will naturally
lead households to change their savings, consumption, and labor supply decisions. The question arising at
this point is how QE measures affect the previous decisions. To understand these effects better, I decompose
the aggregate consumption function and examine the effects of various variables on it. It is well-known from
the classical consumer’s problem that every agent’s consumption will be a function of prices, income, and
taxes in equilibrium. Here, asset returns have the role of prices. Hence, since aggregate consumption is
just the sum of individual consumption functions, it will be a function of the same variables, so for the US

economy, where the shock hits, we will have

C;r=C; {(1 - TL*> wiLE, TF, D r;“*}s>0. (5.1)

Let ZF = (1 - TL*) w; L. Then, any change in aggregate consumption can be decomposed into changes in
the variables of the right-hand side of (5.1) as follows

dc; = Zazf*dz* + ZangT* + Zan*dD* + Zaaii (5.2)

—
Labor Income Channel =~ Lump-sum Tax Channel = Liquid Savings Channel Illiquid Savings Channel

In the scenario of a QE shock in the US economy, the liquid savings channel is the channel that is most
directly affected by the shock since QE affects the price of long-term assets, which are held indirectly in the
liquid savings account. The other three channels capture effects on short-term rates that affect consumption

and the effects of the change in labor income and government transfers.

The lower panels of Figure 10 depict the path of aggregate consumption for the US economy and the
breakdown to direct and indirect effects using the decomposition in (5.2) and assuming that the variables in
the right-hand side of (5.1) follow the same paths obtained in the previous subsection after a positive 1% QE
shock in the US economy. Higher labor income leads to higher consumption on aggregate. Also, since lump-

sum taxes are assumed not to respond to government debt, the lump-sum tax channel is irrelevant to the

38



Figure 10: Consumption Response Decomposition in the US and Mexico
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movements in aggregate consumption. Then, the illiquid savings channel, which works through the interest
rate on foreign savings, affects positively aggregate consumption but the effect is very weak. The return on
foreign savings increases at the time of the shock, then it falls, and then it slowly reverts to its steady state
value. Hence, the positive effect on aggregate consumption reveals a dominant substitution effect. Overall,
the indirect effects are considerable but do not entirely drive the aggregate consumption response for the US

economy. The unresponsiveness of lump-sum taxes plays a significant role in this result.

On the other hand, QE leads to a decrease in the real rate earned by the households on their liquid
savings, which initially leads to a decrease in households’ consumption and a decrease in their liquid asset
holdings, implying a dominant income effect. Then, as the real return on liquid savings increases and returns
to its steady state value, households reduce their consumption, implying a dominating substitution effect.

The direct effect is the primary driver of the aggregate consumption response.
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As for the Mexican economy, it could be argued that the distinction between direct and indirect effects
is not meaningful since US QE programs aim to change the interest rates in the US economy. Hence, any
spillover effects to other countries are essentially indirect effects. However, since investors turn to emerging
markets assets after the fall in the long-term rates in the US economy and the prices of long-term assets
change, one could argue that there is a direct effect on the long-term returns paid in emerging markets. This

leads households to change their consumption, savings, and labor supply decisions, creating indirect effects.

From the top left panel of Figure 10 we can see that the aggregate consumption response is driven by
the movements of labor income, lump-sum taxes, and liquid returns. Labor income in Mexico increases,
due to higher demand for labor. As a result, constrained households consume more, driving aggregate
consumption higher. Moreover, government debt falls because of the higher tax revenues, leading to a
reduction in lump-sum taxes, which boosts consumption even further. Next, the real interest rate remains
positive over time due to the Mexican central bank’s strong response to inflation, which tends to decrease
consumption, implying a dominating substitution effect. All the indirect effects together determine almost
entirely the path of aggregate consumption in Mexico, as shown in the upper right panel of Figure 10. The
effect of QE on the illiquid savings channel works through the interest rate paid by the Mexican banks. This
rate is determined by the movements of the other interest rates through the banks’ optimallity conditions.
Overall, the bank rate initially falls but reverts over time to its mean. Aggregate consumption falls initially
by the decrease in the bank rate, revealing a dominating income effect. The direct effect has a negligible size

overall.

5.3 Representative Agent in Mexico

In this part, I analyze the role of household heterogeneity in Mexico. Specifically, I shut off heterogeneity
in Mexico and consider a representative household that decides about consumption and savings in a liquid
and an illiquid asset, where, as before, the illiquid asset is subject to the same transaction cost. The model is
calibrated to produce the same aggregate allocation as in the benchmark pure HANK model. The difference,
in this case, is that the aggregate consumption response is determined by the individual Euler equation for
the liquid asset and not by the sum of individual consumption functions of unconstrained and constrained
households.

Figures 11 and 12 contain the IRFs for the Mexican and the US economy, respectively. Starting from
the Mexican economy, the absence of heterogeneity has two immediate effects: first, since there are no
constrained households anymore, the initial response of consumption is weaker and becomes negative over
time, and second, unconstrained households in the RANK economy work less than households who are close

to their liquidity constraints, so production is lower, and the demand for capital is lower than the benchmark
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Figure 11: Mexican Economy IRFs to 1% QE Shock - Mexico RANK
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depict the IRFs when both countries have heterogeneous households.

case. Asset prices are not as high either. The lower aggregate demand implies lower increase in prices, and
this leads to a smaller real appreciation of the currency. The bank net worth increases by less. Hence, the
effects of the financial accelerator are weaker. As a result, investment is lower. The smaller appreciation
of the currency also creates a smaller real income effect for the households, which also plays a role in the
initially smaller and then negative response of consumption. As a result, output is lower than the benchmark
model. Inflation and the stock market are also lower. The smaller currency appreciation also leads to a less

negative trade balance-to-GDP ratio over time.
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Figure 12: US Economy IRFs to 1% QE Shock - Mexico RANK
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Turning to the US economy, foreign savings are higher whereas the liquid savings decrease by less relative
to the benchmark case. The return on the liquid asset is slightly higher since the price level is lower. The
weaker depreciation of the dollar implies a smaller negative real income effect for the households, which
keeps consumption at around the same levels as before. Output is also lower relative to the benchmark
model, due to the big drop in net exports resulting from the weaker appreciation of the peso, and also from
the decrease in the demand for US goods from the Mexican economy now that consumption and investment
is lower there as a result of the absence of constrained households. However, this decrease in output is not
only due to the decrease in net exports, but also due to the decrease in investment, which is the result of
lower net worth and lower asset prices. But the lower aggregate demand also leads to a lower demand for

capital, which keeps investment and asset prices lower.

42



Figure 13: US Economy IRFs to 1% QE Shock - US RANK
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IRFs when both countries have heterogeneous households.

5.4 Representative Agent in the US

In this part, I assume that there is no household heterogeneity in the US, but there is in Mexico. Again
the model is calibrated to produce the same aggregate allocation as in the benchmark case. The IRFs in
the US economy change significantly, even though the calibrated fraction of constrained households was 8%
in the benchmark case. The top left panel of Figure 13 suggests that the consumption response is initially
higher but then lower than the pure HANK model, implying lower aggregate demand in the medium run.
Output is also lower over time due to the decrease in the net exports of the US economy, due to the weaker
appreciation of the Mexican currency as suggested by Figure 14. The weaker appreciation of the peso, or
the weaker depreciation of the dollar is one of the main reasons why the consumption response remains
strong initially. The price level is higher over time relative to the HANK model. The lower output reduces
tax revenues and boosts current and future fiscal deficits, leading to higher prices. Lower output leads also

to lower demand for capital from the intermediate good producers initially, which leads to lower investment
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Figure 14: Mexican Economy IRFs to 1% QE Shock - US RANK
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depict the IRFs when both countries have heterogeneous households.

over time when compared to the HANK model. Bank net worth is also lower for the first seven quarters, so
the banks invest less and the stock market index is lower over time.

In addition US households decrease initially their foreign savings relative to the benchmark case. The
Mexican currency appreciates by less relative to the pure HANK model. Since now there are no constrained
households that need to start accumulating assets using the liquid asset first due to lack of resources, the
representative household chooses to increase consumption initially. The US banks see a smaller reduction
in domestic savings, as well as lower investment and asset prices at the time of the shock, which slightly

reduces the net worth of the banks, and total profits.
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Figure 15: US Economy IRFs to 1% QE Shock - Pure RANK
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As for the Mexican economy, the differences in the IRFs are shown in Figure 14. The Mexican investment
banks now receive fewer resources initially from US households and become less leveraged. The real ex-
change rate appreciates less because of the lower prices in Mexico due to lower aggregate demand, and the
lower demand for Mexican deposits. This lowers the net worth of the banks. As a result, the financial accel-
erator mechanism together with the smaller positive effects from currency mismatch lead to a lower increase
in investment. The lower positive investment response propagates to the rest of the economy through lower
demand for labor, lower production, and lower asset prices. The real labor income increases by less, and since
there is a significant portion of constrained households in the Mexican economy, aggregate consumption and
GDP increase by less relative to the pure HANK case. The bank net worth is also lower but profits do not fall
because lower demand for labor reduces the real wage and keeps the profits of intermediate goods producers

high. Due to the lower increase in aggregate income, households now have less resources and liquid savings
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Figure 16: Mexican Economy IRFs to 1% QE Shock - Pure RANK
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initially increase by less relative to the benchmark model. Illiquid savings fall more than the pure HANK,

probably because of the higher expected returns created by the lower asset prices.

5.5 Representative Agents in both Countries

The last comparison between nested models is between the pure HANK model and the pure RANK model,
in which both countries have representative agents. Again the model is calibrated to produce the same
aggregate allocation as in the pure HANK model. This time aggregate demand is lower in both countries
since there are no constrained households in both countries, and since the aggregate demand level of one
country affects the output of the other, the negative externalities from lower aggregate demand are bigger in
this case. The appreciation of the Mexican currency is now the weakest among all cases examined because

of the low aggregate demand which leads to lower inflation in Mexico. In the US economy, the impulse
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responses of aggregate variables follow similar paths to the previous cases. The trade balance-to-GDP ratio
now deteriorates relative to the pure HANK model because exports decrease significantly. Asset prices,
factor demand and bank net worth are also lower due to the significant decrease in aggregate demand. Again
foreign savings are lower because aggregate consumption is higher, but this effect is not strong enough in

order to counterbalance the lower prices in Mexico, and as a result the Mexican currency appreciates by less.

As for the Mexican economy, again aggregate demand is lower, and since the currency appreciates slightly
the banks invest less in capital. As a result, all macro aggregates are significantly lower than the benchmark
HANK model. Asset prices are also lower, and the nominal interest rate set by the central bank is lower.
The consumption response becomes negative because of the absence of hand-to-mouth households and due
to the negative real income effect of weak currency appreciation. Interestingly the pure representative agent
model can produce, at least qualitatively, similar movements to the ones found in the empirical section for
most of the aggregate variables examined, except for the trade balance-to-GDP ratio, for the given calibation.
However, at least quantitatively, the differences in the response of some variables, such as US employment or
real investment in the Mexican economy, are significant. Moreover, RANK models cannot speak to inequality

issues by construction. I turn now to this topic.

5.6 The Distributional Effects of Quantitative Easing

After examining the aggregate effects of the positive QE shock, we now turn to the distributional effects. The
upper panels of Figure 17 contain the charts showing the evolution of consumption inequality variables for
the US economy after the positive QE shock. Overall consumption inequality, as measured by the variance
of the log, falls immediately at the time of the shock, further falls for six more quarters, and remains lower
than its steady-state level for the rest of the periods. In addition, the ratio of the top 10% to the lower 10% of
the consumption distribution is presented. This ratio also falls in the short-term, and its movement remains
negative after the shock. The fall in consumption inequality implied by the two previous measures is driven
mainly by higher labor income due to increased aggregate production and employment. With higher wages,
constrained households can increase their consumption by more relative to unconstrained households.

In the case of Mexico, overall consumption inequality is also reduced with the QE shock. However,
now the consumption of the top 10% increases, and the 10/90 consumption ratio increases, implying higher
consumption inequality between the top and the lower end of the consumption distribution. Consumption
inequality falls because households in the middle of the distribution, who depend on their income from real

wages and previous assets, increase their consumption relatively more than the households at the top.

On the other hand, regarding the two assets available to US households, the results are mixed, as sug-

gested by the upper panels of Figure 18. Specifically, liquid asset inequality increases for around two quarters.
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Figure 17: Consumption Inequality Responses in the US and Mexico after a 1% QE Shock
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Notes: The graphs on the left side show the response of consumption inequality for the US economy (top) and Mexico (bottom),
as measured by the variance of the log, and the graphs on the right show the response of the ratio of the top 10% to the lower 10%

of the consumption distribution for the US economy (top), and Mexico (bottom).

It then falls relative to its steady state value, while illiquid asset inequality increases and remains elevated
relative to its steady state value over time. As for the illiquid asset, the initial higher return, together with
the negative real rate on the liquid asset, offers incentives to richer households to increase their illiquid asset
holdings, given that they can afford the transaction cost of acquiring it. Constrained households cannot
follow due to the lack of resources, and naturally, inequality in illiquid asset holdings increases. In terms
of the liquid asset, constrained households, who need to substitute consumption intertemporally the most,
begin to accumulate liquid assets. In contrast, the wealthier households decumulate due to the lower returns,
resulting in lower inequality over time. Total wealth inequality follows the path of liquid asset inequality

due to the prominent share that liquid wealth has in total wealth.

Turning to Mexico, liquid asset inequality rises at the time of the QE shock and, over time, decreases
before starting increasing. Illiquid asset inequality initially increases and remains ellevated over time. Liquid
asset inequality decreases due to higher labor incomes which allow constrained households to accumulate
liquid assets and get out of their constraints. Even though the real interest rate increases due to the strong

reaction of the central bank to inflation, and wealthier households start accumulating liquid assets, the poorer
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Figure 18: Wealth Inequality Responses in the US and Mexico after a 1% QE Shock
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Notes: The graphs from the left to the right side show the response of liquid wealth inequality, illiquid wealth inequality and total

wealth inequality for the US economy (top) and Mexico (bottom), as measured by the variance of the log.

households accumulate more aggresively and liquid asset inequality falls. In terms of the illiquid asset, the
initially higher profits due to higher bank net worth lead to a higher return on the illiquid asset, incentivizing
households to increase their holdings in this asset. Households at the top of the distribution can afford the
portfolio adjustment cost and increase their illiquid asset holdings relatively more. Over time, as profits
return to their steady state value, richer households have incentives to lower their positions, which brings
the inequality measure back to its steady state value. Overall, wealth inequality closely follows the path of
illiquid asset inequality due to the prominent share that illiquid wealth has in total wealth.

Figure 19 contains the paths of the top 0.1%, the top 1-10%, and the lower 50% wealth shares, as well as
the top 10% to lower 50% wealth share ratio following the QE shock for both countries. In the US economy
the top 0.1% share increases over time and the top 1-10% share follows a similar path, implying that QE
leads to higher wealth concentration in the hands of richer households, at least in the short run. The lower
50% wealth share increases after the shock, but not as much as the wealth shares of the top of the wealth
distribution. The poorer households become less constrained over time as they earn higher labor incomes,
and this allows them to start accumulating assets and increase their wealth share. This increase is significant

enough to bring down the 10/50 wealth share ratio, bringing the poorer households closer to the richer ones.
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Figure 19: Wealth Share Responses in the US and Mexico after a 1% QE Shock
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As for the Mexican economy, the top 0.1% wealth share slightly falls in the first two quarters but over time
it increases fastly implying that the households at the very top of the distribution accumulate more assets.
The 1-10% wealth share increases significantly over time and then returns to its steady state value, and the
lower 50% welath share increases but at a slower rate, as in the case of the US economy. Nonetheless, again
the increase in the lower 50% wealth share is significant enough to bring the 10/50 wealth share ratio down

in the Mexican economy as well.

5.7 US Wealth Shares: Empirics

In this part I test the predictions of the two-country model for the paths of the top 0.1%, the top 1-10%, and
the lower 50% wealth shares in the US economy following a QE shock. Specifically, I follow the methodology
of Mumtaz and Theophilopoulou (2017) and I introduce the wealth share measures in the BVAR model,
assuming that they are ordered before the QE measure. The data for the wealth shares are collected from the
Distributional Financial Accounts of the Federal Reserve. In the spirit of the previous paper, the vector of
endogenous variables contains real GDP, the PCE deflator, one relevant wealth share at each iteration of the
exercise, the QE measure and the stock market index.!® I abstract in this case from cointegration issues and

I assume a simple Normal-Wishart prior.

16 Adding the real investment variable in the BVAR model does not alter the results significantly, although the model in this case

contains a substantial number of endogenous variables.
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Figure 20: Empirical Wealth Share Responses in the US economy after a 1% QE Shock
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According to Figure 20, after a 1% increase in the securities held outright by the Federal Reserve the
wealth share of the top 0.1% increases over time. The maximum effect takes place six quarters after the shock
when the top 0.1% wealth share increases by 0.67 percentage points. On the other hand, the wealth share of
the top 1-10% falls over time. The maximum effect takes place after 7 quarters with a magnitude of -0.788
percentage points. Finally, the wealth share held by the lower 50% of the wealth distribution also increases
with the QE shock and the positive effects become stronger over time.

Thus, in line with the model, the top 0.1% wealth share and the bottom 50% wealth share increase
implying that QE helps both the very top of the wealth distribution but also households at lower parts of the
wealth distribution. The households who see their wealth share falling are the ones in the top 1-10%. The

model produces an increase in this wealth share instead.

6 Capital Controls

In this section, I introduce capital controls as a macroprudential measure to reduce the foreign borrowing of
Mexican banks. I examine the effects on aggregate variables and the welfare effects on different households

in both countries.

6.1 Aggregate Effects of Capital Controls
Capital controls are introduced in a relatively simple way. The Mexican government imposes a tax 7/

on the interest payments the Mexican banks make to foreign depositors, so that the banks pay an interest

51



Figure 21: US Economy IRFs to 1% QE Shock in the US Economy with Capital Controls
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(1 + TtH*> (1 + r?) H; E; to previous deposits. It is assumed that

= gy (CAt—l _ %) , ©6.1)

so that the government raises the tax on foreign borrowing when the current account as a fraction of GDP
in the previous period deteriorates, since this implies more imports which are financed by more foreign
borrowing. The imposition of the tax changes the optimality condition of the investment bank with respect

to foreign savings since now the investment bank adjusts the expected rate paid to US households by the
movements in the capital control tax rate:

F
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Figure 22: Mexican Economy IRFs to 1% QE Shock in the US Economy with Capital Controls
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Notes: The above graphs depict the IRFs of various Mexican variables after a positive 1% US QE shock. The dashed lines depict
the IRFs without capital controls whereas the solid lines depict the IRFs under the capital controls policy.

In the baseline case it is assumed that TH" is chosen so that US households still have incentives to save in
foreign assets, but the excess return on the foreign asset relative to the domestic asset is 33% lower. Also it
is assumed that ¢+ = 0.2. Starting from the US economy, households accumulate less foreign and slightly
more domestic savings initially under the capital controls scenario, as shown in Figure 21. Net exports
decrease but remain positive as the peso appreciates less now that less capital flows to Mexico. In addition,
the price level starts at around the same point. However, it increases by less over time because of lower
aggregate demand. Lower aggregate demand is also the result of lower foreign demand since the imposition
of the capital controls tax rate leads to a lower increase in the net worth of the banks in Mexico, which leads
to lower increase in investment, asset prices, output and consumption, implying lower demand for foreign
goods. Then the lower aggregate demand in the US economy lowers the demand for production factors,

which leads to lower capital accumulation, and lower asset prices.
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Table 2: Consumption Equivalents Across the Wealth Distribution

Wealth Decile Consumption Equivalents
Mexico us
10th -0.166% 2.210%
oth 0.031% -8.837%
gth 0.148% 0.626%
7t -0.256% -0.062%
6" 0.065% -4.451%
5th 0.070% -0.289%
4th 0.064% 0.241%
3 0.060% 0.892%
ond 0.035% 0.124%
15t -0.012% 0.717%

On the other hand, the flow of foreign capital is initially reduced by the capital controls policy in the
Mexican economy. The currency appreciates less due to the lower expected returns on Mexican foreign
deposits as implied by Figure 22. Net imports decrease as a result of weaker currency appreciation. In
addition, the investment banks have fewer resources available due to the reduction of US foreign savings and

the imposition of the tax, which has negative consequences in the rest of the economy as argued above.

Overall, even if the imposition of a capital control tax may seem a reasonable policy that could reduce
the leverage assumed by investment banks, the adverse effects of this policy on macro aggregates and asset

prices in the small open economy can be significant. The reduction in capital flows is critical.

6.2 Welfare Effects of Capital Controls

We now turn to welfare consequences of capital controls. The tax rate now is a constant linear tax rate:

tH" = 7H", since by assumption ¢5+ = 0 now. I compute the consumption equivalents for each decile of the

wealth distribution in both countries and report them in Table 2.

Starting from the country of Mexico where the capital control tax is imposed, it is evident from Table
2 that the tax leads to welfare losses for households at the very top, at the bottom, and at the middle of
the wealth distribution. The reason for negative welfare effects at the top and the bottom could be that the
capital control tax leads to lower economic activity, lower investments, lower net worth for the banks, and

lower real wages, which affect the richer households through lower asset prices, and the poorer households
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through lower labor income. On the other hand, in the US economy the households at the top of the wealth
distribution gain from the capital controls tax rate, and the same is true for the households at the bottom
of the wealth distribution. Lastly, the results for the households at the middle of the wealth distribution in
both countries are not uniform, since some categories of households gain, and some categories lose from
this policy. Most categories of households in the middle of the wealth distribution in Mexico gain, while the

opposite is true in the US economy.

7 Concluding Remarks

This paper explored the spillover effects of US quantitative easing programs on emerging market economies.
Using Bayesian VAR models, I documented that shocks in central bank asset purchases in the US economy
have positive statistically significant effects on macro aggregates and asset prices both in the US economy
and in the EMEs. In addition, in the EMEs, currencies appreciate, and current accounts deteriorate. Then
I developed a two-country HANK model with QE policies that matches the aggregate responses to the
empirical ones. The bank balance sheets in both countries are at the heart of the international transmission

mechanism.

Another finding was that heterogeneity matters in the two-country world, in some cases both quantita-
tively and qualitatively, and in some cases only quantitatively. Allowing at least one of the two countries to
have a representative agent instead of heterogeneous agents led to significant differences in the magnitude
of the IRFs produced by the model. In the case where we assumed a RANK specification for Mexico, we
also had the IRFs changing directions in some cases. In terms of inequality, this paper showed that over
the medium run, QE tends to decrease all types of inequality, mainly because the constrained households
get higher labor income and surpass their constraints. This allows them to start accumulating assets and
consume more. However, in the short run, QE tends to increase wealth inequality since wealthier households

can accumulate more illiquid assets since they can pay the associated transaction cost.

Finally, a policy like capital controls that aims to reduce the leverage assumed by the banks in the small
open economy can have adverse effects, as it can greatly reduce capital inflows and significantly reduce the

positive effects of QE on small open economies.
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A Foreign Economy

In this appendix I present the foreign economy in the two-country model and the corresponding calibrated

parameters along with the equilibrium definition.

A.1 Foreign Households

The demand side of the US economy consists of infinitely-lived households indexed by i* € [0,1]. Foreign

households are also assumed to be ex-ante identical but ex-post heterogeneous and solve

* o st C:';lt_g* —1 * li**lt+v*
max U =Ty ) B gl (A1)
t=0

{C?*t' i**t'”?*t'di**t}t,o

subject to

Ciop +diy +ajy + 2 (”T*tr”?*t—l) + T = (1 - TL*) wylier + <1 + rtD*> disp_ 1+ (1 + ”f‘*> Ajy_q (A.2)

x X5
= (1412 ) at
- X7 | it ( t ) i1 A\ .
( i*tr Fixt 1) X; (1 —l—T{l )a;k*tfl +X8 t *t—1 X0 ( )
at, >0, d, >d". (A4)

The problem of the foreign households is symmetric to problem of domestic households, so the interpretation
of expressions (A.2)-(A.4) is the same as in the case of the domestic economy. Also, c; is a consumption basket

given as

17

« NS SN A SR o A
i = |00V (i) T+ - T ] (5)
The demand functions satisfy
* * Py o *
crpr=(1—p") (%) Ct (A.6)
t
Crir = 1 ( Pﬁ’f) ¢t (A7)
t
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where in the previous expressions Pr; is the price level of foreign goods in domestic currency units, Py is

the price level of domestic goods, and P is the general price level. This index, in turn, is defined by
1 1] T
P = | (Pi) T+ (=) (PR 7] T (A8)

A.2 Labor Unions

This subsection follows directly the discussion of the labor unions in the domestic economy. The problem of

the labor recruiter is to minimize the cost of producing a given amount of aggregate labor:

min c*LR /thll";te~*tdi* (A.9)

subject to the technology constraint

S*

L= | [ 0 ® ] (A10)

where ¢}, is the elasticity of substitution between differentiated labor services. The demand of the labor

recruiter for each differentiated labor service is

Wi\
I%, = (—”) L;, (A.11)
1*t Wt t

1
where in the last equation W/ = [ fol e tW*1 “ ] % is the equilibrium nominal wage. The labor union picks
the same nominal wage W, = W;* for all households to maximize profits, subject to a wage adjustment cost

a la Rotemberg (1982). The problem of the union can be expressed as

ot (L (W5 Wf, L))
u* (Cy)

2 >|<
t—1 t+1

(A.12)

XKW (YAT* i*t<1_T )Wt* A7k R .
Vi (Wiy) = max < [ Pt* 1 (Wi Wi, LE) di —

t

In equilibrium W; = W; and I%., = L}. The optimality condition for the union’s problem is a Phillips curve

relation for wages:
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o (IF(W;, L) |1
(G T,

(1 - r”) (1—¢€) w] +e, & ( o 1) ;‘jl% e (Hg"* - 1) 1. (A.13)

where the wage inflation is given by
*

* « W
Y * = IT; w—f (A.14)
t—1

A.3 Investment Fund

In the economy there is a hypothetical investment fund which collects the liquid savings of households Dy
and invests these resources in deposits issued by foreign investment banks. The investment fund is also the
owner of all firms in the foreign economy and collects all the profits. In equilibrium it pays a real return to

households rP" subject to a cost of financial intermediation &p+. The balance sheet of the investment fund is

Df = Ff (A.15)

where F; is the deposits of the foreign investment fund in the foreign investment banks. The budget con-
straint is

F+ (1 Tt gD*) D: | = (1 . TD*> Df + Df + (1 n rf*) E (A.16)

where Dj is the aggregate profits of all firms in the economy taxed at the rate T2". The investment fund is

assumed to operate under a no-retained earnings rule. Then,

. (1 — TD*) Dy .
P = +rf —&p. (A.17)
F1q

A.4 Investment Banks

The first financial intermediary in the foreign economy is investment banks. In any period ¢, investment
banks collect the deposits of the investment fund ., and hold the nominal reserves issued by the central
bank Mj.,. They also invest in long-term government bonds g; B;.,, capital claims issued by intermediate
good producers P/ Q;K}., and pay a nominal return (1 +if *> in the next period to the investment fund. The

balance sheet of the investment banks in real terms is the following

Qi Kyt + ¢ Bypey + My = Foy + Npy. (A.18)
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The budget constraint of the investment bank in real terms has the following form

Qi Kpey +q¢ Byey + My + (1 + ”F) Fyy 1= (1 + 7”{(*> Qi 1Kpsp1 + <1 + ”tB*> qi_1Bp_q1 + (1 +717) Mpe,_1 + Fy
(A.19)

The combination of the previous two equations gives the evolution of the investment bank net worth

Ny = [(1 + V{(*) - <1 + Vf*)] Qi1 Kp—1 + [(1 + VF*) - (1 + VF)] qf—1Bpi—1
(A.20)
+ [(1 +r;) — (1 -l—rf*ﬂ M., 4+ (1 + rf*> Ny,

In each period a fraction of foreign banks 6. continues to operate, while the remaining fraction 1 — 6;.
exits the market. The foreign banking sector is characterized also by a moral hazard problem similar to the
investment banks in the domestic economy. In each period a bank can divert a fraction Ay. of the equity

holdings Q+Kj,.,, and a fraction Aj. of the government bonds g; B;.,. The value function of a bank is

* * *
Kb*t' Bb*t’MZ*t'F I+ rt+1

* 1 * * * *
Vit (Np=) = max { [(1 = 65) Nypyq + 05 Vora (N 1) } (A.21)
b*t

subject to equations (A.18) and (A.20), and the incentive constraint

Vier (N,) = Ak QEKE, + Abqi B, (A.22)

Proposition 2: The investment bank’s value function is linear in net worth and satisfies

AE, 14+ rF*
Yy = K Bl (105 + 05 Zppr) - (A.24)
Ab, — L (1—0r + 053¢ (rk —rF*)1+rt+1
K 14, b* *prt41 +1 t+1

Proof: The proof follows the same steps that were presented for the domestic investment bank.

The optimality conditions corresponding to the bank’s problem are the following:
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1+rE, =141, (A.25)

1+rt+1:ATB<1+rt+1>+(l—/\f><1+rt+1>. (A.26)
K* K*

Equation (A.25) says that the interest rate paid to the foreign investment fund will be determined by the
expected real interest rate paid on central bank reserves. Using the Fisher equation, this condition can be
written as an equality between the nominal return on fund’s deposits at time ¢ and the nominal return the

bank gets on nominal reserves.

Equation (A.26) says that the real return on government bonds in equilibrium will be a weighted average
of the real return paid on equity and the real return paid on the investment fund’s deposits. The amount of

capital equity held by the banks is determined by the aggregate incentive constraint

1

K}, = ———
b*t * *
A= Qi

Aggregate net worth evolves according to

Nio = O { [(14 ) = (1 70) | Qe + [ (14 78) = (14 oF) [ gia B + (1477 ) N

+ wpe (Qf 1 Kpy 1 +qf 1By 1 + Mpyy )

(A.28)
The profits of the investment banks are given by
1-6;, Wy,

Dy = TMNITH - # (QF-1Kpe—1 + qi-1Bper 1 + My 1) - (A.29)
*t *

The above expression is just the total net worth of existing banks minus the funds given to new banks. Part

of the profits of the financial sector is taxed at a rate T". The remaining part is given to the investment fund.

A.5 International Bank

The second financial intermediary in the foreign economy is an international bank that takes the illiquid

savings of foreign households A; and invests them in deposits H; held by the bank operating in the home
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country. € 1oreign mvestment bank earns an imterest rate r ' an asses it to the foreign households.
try.!” The foreign investment bank interest rate 1+ /7" and p t to the foreign household

The balance sheet of the foreign investment bank is

A = Hj. (A.30)

The no-arbitrage condition for interest rates is
1+ =1+, (A.31)

A.6 Final Goods Producers

Firms in the foreign final good sector produce the final good Y7, using as inputs a continuum of intermediate

goods Y{;t with j* € [0,1]. They solve

max D" = Pf,Y;, - / PLYLd (A32)
Y,
subject to
1 ]* 5”};;1 ggﬁl
£ & sk
Yz, /O (k) d]] , (A33)

where Pgt is the price of intermediate good j*. The solution to the above problem is standard and gives the

demand for intermediate good j*

*

‘ P]* Sp
Y}, = <P—“> Y}, (A.34)
Ft

A.7 Intermediate Goods Producers

There is a continuum of firms in the intermediate goods sector indexed by j* E [0,1]. Each firm j* has access
to the same CRS production technology which combines labor L, o , capital K’ ;. 1, and total factor productivity
Z{ to produce output Y{:t:

7The reason why the foreign households deposit their savings in a bank that invests in the emerging market instead of holding
directly deposits in the banking sector of the emerging market is that In reality US households have very little to no exposure in

emerging market deposits held by themselves, and they are exposed indirectly through the banking system.
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v =z (k)" (W) (A35)

Intermediate goods producers hire capital and labor in perfectly competitive markets in a way that minimizes

the cost of production

min ¢ =wiL) + (1+7f) QKT - (QF — 6 K, (A.36)
K*J L*]

The cost minimization is subject to the production function (A.35). The optimality conditions are

. YL
K = Ly Ff LMCF + Qf — -1 (A.37)
Qs K,

*f*
wi = (1-a") %

K* w * 1—a*
r w
_ (oi_> <1 —tzx*) . (A.39)

In the previous equations MC; is the real marginal cost of production. Total cost is then

(A.38)

MC}

~

¢ = (147) QKT — (@ - O KT L = Mciv, (A40)

The optimal pricing problem for intermediate good producer j* is expressed as

P o\ —er s 2 j* j*
" P] P] P g* P] Px Vt+1 <PFt>
v/ (Pf — max MO (2R vy 2 SR g Rtyr o DN T A4
t Ft— 1> PI];: <p>k ) (Pf:‘kt Ft 2 PI]:til pt* Ft 1+ ;<+1 ( )

In equilibrium Pgt = Pf,, so the optimality condition for the optimal pricing problem gives rise to the New

Keynesian Phillips Curve

* StP* * * St"'lP;:I 1 Yf; 1 * * Sfp
(1—¢,) Pft +&,MC{ + 117 Gy (M — 1) Ty P = Ytj = & (ITp, — 1) Iy P*Ht- (A42)
' " t+1 Ft

The dividend paid by each intermediate good producer is

* 2
. SiP; (P S:P;
DI¢" = Y7, % — MC;} —52—” < Fr_ 1) fpff (A.43)
t Ft—1 t



Part of the dividends is taxed at rate T”". The remaining part is distributed to the investment fund.

A.8 Capital Producers

The problem of the capital producers in the foreign economy is very similar to the one faced by capital

producers in the domestic economy

00 ]‘j21 1 S,P*. F* * * 2
* * tH CI Ins +1 * *
1) I — = —1| (L +1 A44
k(M) | @0 g (5 ) wen| o
where new and total investment satisfy the law of motions
Ly, =1 —0"K;_ 4 (A.45)
I =K/ —(1-6")K;_;. (A.46)

The optimality condition is

* * * * *\ 2 * * *
QFf + 1 St+1Pp¢ 41 & Lipq +1 1 L t1 — 14+ S5tPry & Ly +1 1 L+ 17
ET 14 P "\, +1 I, + I* Py A\ I+ T I,  +1I*

t+1 t+1
2
StPp; 61 Ly + 17
= | = -1 . (A.47)
P2\ +1I*
Also, I} is a basket of domestic and foreign investment goods given as

1

* TR TR K
Iy = ()7 () ™+ (1= p7)7 (Ipy) : (A.48)

The demand functions for domestic and foreign investment goods satisfy the optimality conditions

* * Pry o *
Ify=(1—p") < 15; ) Iy (A.49)
* % Py, B *
Iy = ( PT) I7, (A.50)
¢

Part of the dividends of the capital producing firm is taxed at rate TX". The remaining part is distributed to

the investment fund.
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A.9 Monetary Authority

The central bank is conducting monetary policy by changing the nominal interest rate on reserves i™" and by

purchasing government debt g B-2". The central bank balance sheet in real terms takes the following form

B+ (L) My + TE = (1417 g7 BEE + M5, (A.51)

The behavior of the central bank is described by Taylor-type rules. The nominal rate on reserves is given by

. . ot T\ 7)o yx N\ (1=07) Py
Lt = max 3 (1+ 7)1 (144 (_t) ( _Ff) 1t (A52)
{ ( t ) I1 Y;

The central bank’s asset purchases are given by

BCB* (BCB*> (BCB*) (E_%:) (1 PB)‘/’H (il;t)_(l_fo%)lpy;_'-u?‘ (A53)

The last rule is about the amount of real reserves. By assumption, the central bank offers a an amount of real
reserves equal to the amount of new total asset purchases, so
M; = q;BSP. (A.54)

Equations (A.53)-(A.54) specify how new assets purchases and new reserves will move in any period t. Then,

the transfer of the central bank to the fiscal authority in every period ¢ can be determined by
TCE — (1 +rtB*) gi BB — (1++7) M} ;. (A.55)

A.10 Fiscal Authority

The fiscal authority obtains revenues from household lump-sum taxes and labor income taxes, and also from
taxes on the dividends paid by all firms. It also issues new long-term debt and receives a transfer from the
monetary authority. These revenues are used to finance an exogenous path of real government expenditures

G;, and pay the interest on previous debt. The government budget constraint is therefore

: P;,
qBf + T+ T Wi L+ T D 4 T = (140F) g B + PG (A.56)
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where the real interest rate on government bonds is given by

.1
1478 = ;*71‘7’-‘ T (A.57)
tf

The fiscal rule behind the lump-sum tax is given by

* * q? 1B;k—1 q*B*
T =T 4 gy [ M1221 17 ) (A.58)
t YFt 1 YF

A.11 Foreign Market Clearing

The market clearing conditions for the foreign economy are all summarized by the following equations:

L = / L dj = / I3, di* (A.59)
Bf = By, + BSB + BiMF (A.60)
K = K}, (A.61)
Yie = Chy+ I+ Gf + = (Crr+ Ir) + B (I ) + B (T, Ty, Y7y (A.62)

Finally, if we combine the budget constraints of all agents with the market clearing conditions, we can derive

the balance of payments equation

* P* * *
gt (Crot Ire) = I (Chie o+ Tig) = Hi = (1478 ) Hiy = ai B o (1) gio B2 oA
t .63

+/ aly, ay_q) AT} + Ep=Df_y.

A.12 Equilibrium Definition

Definition: The monetary competitive equilibrium is given by a sequence of asset purchases shocks {u}};-,

policy sequences for the fiscal and monetary authorities in both countries: {Bt, Ti, il{VI, M;, BCB KCB TCB }:o 0
and {B;F , TF, iM, M, BSB, TCF } , value functions for households in both countries {V;;} -, and { Vi, } - -0

with policies {ci, lit, ait, dit }1-, and {c i Dipr @y, d**t} ;o value functions for labor unions in both coun-
tries {V}}-, and {V;**}7° ) with labor choices {L;};-, and {L;}°,, value functions for intermediate goods
producers {V] }t—o and {V] } o with optimal choices {P}{ Kﬁ 17 L] } B and {P]Tt, Kﬂ , L] } , value func-

tions for capital producers { VX } o and {Vt }t_ with optimal choices {It, Ki}iooand {If, K}, prices

tO’
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{wt, rf, P;H, b, q¢, Qt}t:O and {w;‘, rf , P{;t, Py, qf, Qf}t:O, domestic bank value functions {Vrf\t/”:}t:o, and

{Vii}ioy, with bank choices {KXF, BMF AMF BrMF H;t}:ozo, and {Mjy;, Dy}, foreign bank value func-

tions {Vj+; } -, with bank choices {K}.,, B}, M., Fi; }oo, domestic bank net worth { Ny };> g and {NMF} =

: * * * %)
and foreign bank net worth {Ng‘*t}:ozo, interest rates {r;, {1, rP, 15, rf}:ozo and {r;‘, P e Bk }tzo’
and joint distributions of assets and shocks I'; (a,d,e) and I'f (a*,d*,e*) such that in any period ¢:

1. Given the prices, the interest rates, and taxes the value function Vj; satisfies the Bellman equation for

household i with policies c;;, a;;, d;;. Similarly for the foreign households.

2. The value function V¥ solves the problem of the union and nominal wages are optimally set in both

countries.
3. Final good firms maximize profits taking as given the prices P{it' P;. Similarly in the foreign country.

4. Intermediate goods producers maximize profits taking as given the prices w; and K. Similarly in the

foreign country.
5. Commercial banks maximize their net worth with the optimal value being V.

6. The domestic investment banks choose optimally their asset holdings in order to maximize net worth

VME  Similarly for foreign banks.
7. The investment fund satisfies its zero profit condition (3.32). Similarly in the foreign country.
8. The foreign investment bank satisfies the no arbitrage condition (A.31).

9. The capital producers maximize profits with the optimal value being VX. Similarly for the foreign

country:.

10. The monetary authority follows the rules (3.67)-(3.70) in the domestic country, and (A.52)-(A.55) in the

foreign country.

11. The fiscal authority satisfies its budget constraint (3.71) and the fiscal rule (3.73) in the domestic country,
and (A.56) and (A.57) in the foreign country:.

12. The aggregate law of motion I' is generated by the choices a;, d;; and the matrix Q(.). Similarly in the

foreign country.

13. The market clearing conditions (3.74)-(3.80), and (A.59)-(A.62) are satisfied.
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A.13 Calibration - Foreign Economy

The foreign economy is assumed to be the US economy. The model is calibrated over the period 2008-2021

using quarterly data, in line with the period of interest in the empirical part of the paper.

Households: The households are again split into two categories: those with a high discount factor and those
with a low discount factor. Discount factor heterogeneity is used to hit the following calibration targets: i)
the high discount factor is set equal to 87" = 0.997 so that D* = 15.749Y}, which is the average value of
total financial assets to GDP for the period 2008-2021 according to the Flow of Funds data, and ii) the low
discount factor is set equal to ﬁL*0.9802 so as to match the size of the hand-to-mouth households, which is
equal to 8% in the SCF of 2019.!® The parameter measuring the relative weight of labor disutility is set equal
to u; = 1.371 so as to satisfy the steady state version of the WNKPC given by (A.13). The pivot adjustment
cost parameter is free and is set equal to x; = 0.01. The scale adjustment cost parameter is set equal to
X7 = 24.413 so as to match the ratio of bank domestic debt to foreign debt % = 0.3, as implied in Akinci
and Queralto (2018). The curvature adjustment cost parameter is set equal to x; = 2. The trade openess
parameter is set equal to u* = 0.323/3 following Akinci and Queralto (2018). The labor productivity process
ef is assumed to follow an AR(1) process with persistence p; = 0.966 and standard deviation of the shocks
equal to 0 = 0.92 as in McKay et al. (2016). The labor productivity process is discretized as a Markov chain
with nine nodes. Finally, the upper bound on the grid for the illiquid savings choice of the households is
set equal to d* = 41.203 so as to match the average wealth share of the top 10% as given by the WID for the
period 2008-2021."

Labor Union: The elasticity of substitution between different types of labor is set equal to €7, = €, = 9. The

steady state amount of labor is normalized to L* = 1.

Investment Fund: The unit cost of intermediation is set equal to {p+ = 0.0085 so as to achieve a steady state
20

real return on liquid savings equal to " = 0.5% per annum.
Investment Bank: The divertible fraction of foreign capital claims is set equal to Ay, = 0.345, as in Gertler
and Karadi (2011). Then, the divertible fraction of foreign government bonds is set equal to A;. = 0.067 so as
to satisfy the steady state version of equation (A.26). The steady sate real interest rate on government bonds

used is equal to r®" = 0.867% per annum using the average real return for the period 2008-2021 on 10-year

18The SCF can be found here https:/ /www.federalreserve.gov/econres/scfindex.htm
19Gee https:/ /wid.world /data/
20This return is chosen on purpose to be lower than the return on foreign savings " = 0.6%perannum so as to incentivize

households to hold foreign deposits at the steady state. Otherwise households would hold only domestic assets.
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TIPS as provided by the FRED website. The real deposit rate earned by the investment fund is set equal to
rF = 0% per quarter. The bank survival rate is set equal to 6}, = 0.965. Then, the parameter controlling the

magnitude of the transfer received by new banks entering is calibrated to w = 0.0011.

Intermediate Goods Producers: Steady state output is normalized to Y7 = 1, and quarterly steady state
capital is set equal to K* = 14.08Y;} as implied by the Penn World Tables 10.0.>! The labor share is 1 — a* =
0.595, the average for the period of interest in the same dataset. The capital share is ™ = 0.405. Since L* =1,
then Z* = (K*)f"‘* = 0.343. The price indexation parameter {* is set equal to 0. The elasticity of substitution

between intermediate goods is set equal to &), = 9 implying a steady-state mark-up of 12.5%.

Capital Producers: The depreciation rate is set equal to 6* = 0.0144. The steady state investment rate then
becomes [ = 0.2028.

Monetary Authority: In the baseline scenario the economy is at the ZLB so ¢r1+ = ¢y; = 0 which then implies
that i™ = r* = 0. The government assets held by the central bank at steady state are g*B“5" /4Y} = 12.75%,

in annual terms. The central bank transfer is determined at the steady state so that T*5" = 0.0011.

Fiscal Authority: Given that r8° = 0.867% per annum, the duration parameter of long-term government
bonds is set equal to v* = 0.9771 so as to match an average duration of 10 years / 40 quarters. The labor tax
rate is set equal to T = 0.3, while the dividends tax rate is set equal to T2 = 0.35. The ratio of government
debt over GDP is set equal to g*B* /4Y} = 71.19% which is the average value for the federal government debt
held by the public during the period 2008-2021. The government spending-to-GDP ratio G* /Yy is 14.98%
during the same period. The adjustment speed of lump-sum taxes to public debt changes is set equal to
¢P" = 0 implying no reaction of taxes to government debt given that the economy is at the ZLB. The constant

part of the lump-sum tax is determined at the steady state and is equal to T* = —0.0994.

21See Feenstra et al. (2015)

72



Table 3: Baseline Calibration of Parameter Values - Foreign Economy

Parameter Description Value Target/Source
Households
g Foreign Household High Discount Factor 0.997 D = 15.749Y}
B’ Foreign Household Low Discount Factor 0.9802 HtM Households Size = 8%
ot Relative Risk Aversion Coefficient 2 Standard Value
v* Inverse Frisch Elasticity 2 Standard Value
Ui Relative Weight of Labor Disutility 1.371 Internally Calibrated
X0 Portfolio Adjustment Cost Pivot 0.01 Baseline Scenario
X7 Portfolio Adjustment Cost Scale 24.413 EH* =03(F+D)
X Portfolio Adjustment Cost Curvature 2 Baseline Scenario
u* Trade Openess 0.323/3 Akinci and Queralto (2018)
05 Autocorrelation of Earnings 0.966 McKay et al. (2016)
oy St. Dev. of Log-Earnings 0.92 McKay et al. (2016)
da Upper Bound on d*-grid 41.203 Top 10% Wealth Share = 71.3%
Labor Union
el Elasticity of Substitution in Labor 9 Baseline Scenario
Investment Fund
¢p+ Financial Intermediation Cost 0.0085 P" = 0.5% per annum
Investment Bank
Ags Divertible Fraction - Foreign Capital 0.345 Gertler and Karadi (2011)
A Divertible Fraction - Foreign Government Debt 0.067 Internally Calibrated
6;- Bank Survival Rate 0.965 Average Bank Life 20 Years
w* Entering Banks Transfer Magnitude 0.0011 Baseline Scenario
Intermediate Goods Producers
o* Capital Share of Income 0.405 Avg. Value 2008-2021
€ Elasticity of Substitution Interm. Goods 9 Baseline Scenario
z* TFP 0.343 Y =1
- Price Indexation Degree 0 Baseline Scenario
Capital Producers
0% Capital Depreciation Rate 0.0144 Internally Calibrated
Monetary Authority
Prr Inflation Coefficient - Interest Rate Rule ZLB
Py; Output Coefficient - Interest Rate Rule ZLB
o* Taylor Rule Inertia 0.8 Standard Value
q*BCE" /4Y; CB-Held Debt over GDP 12.75% Avg. Value 2008-2021
Fiscal Authority
7" Duration Parameter 0.9771 Avg. Duration of 40 Quarters
7 Labor Income Tax Rate 30% Standard Value
0" Corporate Income Tax Rate 35% National Accounts
G* Government Spending-to-Output Ratio 14.98% Average Value 2008-2021
q*B* /4YF Debt-to-GDP ratio 71.19% Avg. Value 2008-2021
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A.14 Computational Method

The model is solved using the sequence-space Jacobian methodology introduced by Auclert et al. (2021b).
The logic behind this method is to break the model into different blocks containing the equations describing
the behavior of each agent in the economy. Each block has the role of a function taking some aggregate

sequences as inputs and producing some other aggregate sequnces as outputs.

In every period ¢, I select [rt, wt, Yyt 1, Ni, Ny, K, KfVIF, rf‘, rf, BtCB, E;] to be the unknown variables

for the domestic economy. The 12 equations chosen as targets when solving for the 12 unknown variables are
the Fisher equation (3.24), the WNKPC (3.19), the goods market clearing condition (3.79), the NKPC (3.57),
the evolution of aggregate investment bank net worth (3.45), the evolution of the domestic commercial bank
net worth (3.28), the capital market clearing condition (3.77), the incentive constraint faced by the domestic
investment bank (3.44), the equation determining the illiquid return (3.32), the budget constraint of the
domestic investment bank (3.43), the central bank’s government bond purchases (3.68), and the condition
(3.42).

Regarding the foreign economy, I select [r}, wy, Y, 11§, Nf, K}, K}, Bf MF BEB*, rtD *] The 10 equations
chosen as targets when solving for the 10 unknown variables are a Fisher equation for the foreign economy
similar to (3.24), the WNKPC (A.13), the goods market clearing condition (A.62), the NKPC (A.42), the
foreign aggregate net worth evolution equation (A.28), the foreign capital market clearing condition (A.61),
the incentive constraint faced by the foreign bank (A.27), the balance of payments equation for the domestic
economy (3.80), the Taylor rule for foreign central bank asset purchases (A.53), and the equation determining

the foreign liquid return (A.17).
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B Algebraic Derivations

In this part of the appendix I present the algebraic manipulations behind some of the equations that appear

in the model in the main text.

B.1 Proof of Proposition 1

Proposition 1: The commercial bank’s value function is linear in net worth and satisfies

Vbt (th) = Zbef with Zt =1.

Proof: The commercial bank’s problem can be expressed as follows

1
Vit (Npt) = \max { T [(1 = 6p) Npts1 + 05 Vi1 (th+1)]}

subject to

Dyt = Mpt — Ny
Nyt = (1471) M1 — (1+ 7P +8p) Dir 1.

Guess that the value function of the bank is linear in net worth
Vit (Npt) = Z¢ Npy.

Using the previous guess and the constraints (B.3) and (B.4) we can rewrite equation (B.2) as follows

Vit (Npt) = max { (1—0p +6Z¢41) [(ftﬂ — P — CD) My + (1 +rP + CD) th} }

My, Dy 1+ Tt41

The optimality condition with respect to My, is

(1 =0, + 60X 11) <Vt+1 — 7P — §D) =0=> 111 =1 + D
14714
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Finally we need to determine the coefficient ¥; in the bank’s value function. I start from equation (B.1) and

use the guess (B.5) on both sides:

D (B.4)
2Ny = Thrg (1 =0y + 60X 1) [(Ttﬂ o — CD) My, (1 +rig + CD) th] -
(B.7)
2Ny = (1 =0y +0pXi11) <1 +rP + CD) Ny =
14714

Yy =1—-0,+602 1 — Xy =1.

B.2 Proof of Proposition 2

Proposition 2: The investment bank’s value function is linear in net worth and satisfies

VAIE (NMF) = ZMENMF

F
sMF _ Ap L+7iy (1 _gMF | QMFZH_1>

MF _
Ap — 1+lt+1 (1—oMF 4 oMFEME) () — 7 ) 1+ 7o

Proof: The problem of the investment bank can be expressed as follows

1
MF MF\ __ MF MF MF
Vi (N”’* ) - KMF, B,Q?%)%w, He, { 14741 [(1 0 ) Nurir + 0"Vl (N”Hlﬂ }

subject to

QiKMFE 5, BMF 4 g¥B*MFE, — FMF L g E; + NME

7 = [(0) ()] @t (1) () i+ (1)

+(1+F) == (14 | g BMEE, 4+ | (1+7f) = (1+71) = | HY By
Ei 4 Ei

. B*MFE
vME (N%F) > AkQiKYFE + ApqiByit + Ap-qi By P Ey (1 T 3 M)

2 Q;KMF
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I guess that the value function of the bank is linear in net worth

VMF (N,%F) — S MFNMF (B.15)

Using the previous guess we can rewrite equation (B.11) as follows

S MFNMF — max{ (1— 6MF + oM NM} (B.16)

T+74

Let LMF be the Lagrange function for the previous constrained optimization problem. Let also ®; be the

Lagrange multiplier. Then we can express the optimization problem as

B.15
LMF = SMENMF 1@ [V (NMF) — AkQeKMT — ApaiBT — Apegi B E| 22

B.16
LMF = (14 @) ZPMFNMF — 0 [Ax QKM + A BT + Apeqi B E, |

LM — (14@)) — (1 - 6MF 1 gMFEME) NMF| @, (Ao QuKMF 1 A BYF 4 Apogi BFE, (14 889 5u B
=(1+ t)1+rt+1 M) Nty ¢ [AkQiKt" + ApgiBpit + Apeq; 5 O1KMF ,
t

(B.17)

where NM +1 is just equation (B.13) written one period ahead and FMF

MF BMF p=MF pMF
ME, BNME, B:ME HMEY are

is given by equation (B.12). The
optimality conditions with respect to {K

2
1 _ gMF | gMF K B CB* q; BiMFEs
(1+0) 7 — (1 0MF + 0MPEME) (1K) =1l ) = ©1 | Ak — Ape o
(B.18)
_ gMF | gMF B
(1+00) - — (1 oMF y gMFy! +1> (rm r! +1> Oig (B.19)
E y q B*MFEt
1 1— oMF 4 pMFy, 1 = (1448 ,) | =0 (1 At Znt
( +®t)1+rt+1< t+1) ( +r t+1> E, ( +7t+1> t/\B + Cp Q:KMF
(B.20)
[ «\ Etg1]
(1+00) 1, — (1—0MF 4 0MFEME) | (14 7F ) — (14115) =0 (B.21)
Equation (B.21) simplifies to
H* F E;
1+ rf = (1+7f) B (B.22)
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Finally we need to determine the time-varying coefficient ¥; in the bank’s value function. I start from

equation (B.16). Let A;yq = 1+1t+1 (1—oMF + OMFZtH) Then

MF x7MF MF (B.13)
L Nyt = ANy =

EMENME = B { [(14 7)) = (14 rfn) | QM+ [(14 7B ) = (1 rfin) | @eBMF 4 (14 by ) NI

+ {(1 + t—|—1> Et1 (1 +rf+1)1 th*MFEt i {(1 +VtF+1> B (1 n t+1> %] ZtEt} (B.18),(B.19):,g3.20),(3.z1)

E; E,
1 ®t 1 ®t 1 ®t
s MFNMFE _ A KMF Ana, BMF Ap-qiBMFE
t nt t+1 At_|_1 1 + @t KQt nt + At+1 1 + @ BEIt nt + At-|—1 1 + @t B qt t
1 O ¢p- (9B E ) F ME | (B14),(815)
ABs T 1 N,
+At—|—1 1+ Oy 2 QtKMF + ( + rH—l) nt
Q) 1
MF _ t MF _ gMF | gMF r MF
X Ny = T @tZtht ti o (1 07" +96 Zt+1) (1 + 7t+1> Nyt
1 F (819
NG = (14 @) 147 (1 —6% GMFZtH) (1 + r”l) N
ZﬁVIF _ AB 1+ rf+1 < _ gMF QMFZt 1) (B.23)
o 1 T .
Ap — T+7i1 (1—6MF + GMFZtH) ( Tt rt+1) L+
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