COLLEGIUM OF ECONOMIC ANALYSIS
WORKING PAPER SERIES

Quantitative Easing in the US and
Financial Cycles in Emerging Markets

Marcin Kolasa and Grzegorz Wesotowski

SGH KAE Working Papers Series Number: 2021/063 March 2021



Quantitative Easing in the US and Financial Cycles in
Emerging Markets*

Marcin Kolasal

Grzegorz Wesolowski!

Abstract

Large international capital movements tend to be associated with strong fluctuations in asset
prices and credit, contributing to domestic financial cycles and posing challenges for stabi-
lization policies, especially in emerging market economies. In this paper we argue that these
challenges are particularly severe if the global financial cycle is driven by quantitative easing
(QE) in the US, and when the local banking sector has large holdings of government bonds, like
in many Latin American countries. We first show empirically that a typical round of QE by
the US Fed leads to a persistent expansion in credit to households and a significant loss of price
competitiveness in this group of economies. We next develop a quantitative macroeconomic
model of a small open economy with segmented asset markets and banks, which accounts for
these observations. In this framework, foreign QE creates tensions between macroeconomic and
financial stability as a contractionary impact of exchange rate appreciation is accompanied by
booming credit and house prices. As a consequence, conventional monetary policy accommo-
dation aimed at stabilizing output and inflation would further exacerbate domestic financial
cycle. We show that an effective way of resolving this trade-off is to impose a time-varying tax
on capital inflows. Combining foreign exchange interventions with tightening of local credit
policies can also restore macroeconomic and financial stability, but at the expense of a large

redistribution of wealth between borrowers and savers.
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1 Introduction

It is widely acknowledged that large capital inflows may drive domestic financial cycle (DFC),
contributing to economic and financial instability, and seriously constraining monetary policy,
especially in emerging market (EM) economies, see e.g. BIS (2012), Reinhart and Reinhart
(2009) or Rey (2015). It is also well-documented that quantitative easing (QE) introduced by
the US Federal Reserve in response to the Great Recession of 2007-2009 was the crucial factor
in steering the global financial cycle (GFC), that resulted in a massive wave of cross-border
capital flows and impacted asset prices worldwide. From the perspective of EM economies,
a distinctive feature of this episode was that, unlike before, the post-crisis capital inflows
were not driven by recipient countries’ economic fundamentals (like better growth prospects,
financial liberalization etc.) or conventional monetary policy adjustments abroad, but were
instead a byproduct of unconventional (and possibly distortionary) actions taken by foreign
central banks. Many EM countries, notably in Latin America (LA), implemented various
measures aimed at counteracting the impact of the resulting global financial cycle, such as
currency interventions and macroprudential policy tightening.!

This paper investigates the tensions between GFC and DFC created by the US QE
for a central bank in an EM economy, as well as additional non-standard measures that
may help resolve them. On the one hand, in the GFC context, exchange rate appreciation
caused by capital inflows is conducive to a severe loss in international competitiveness, calling
for monetary accommodation. As argued by Rajan (2016), unlike in the case of standard
monetary easing abroad, the demand switching effect through the exchange rate induced by
large-scale asset purchases (LSAP) abroad is likely to dominate the effect of easier financial
conditions on domestic demand in EM economies. Data from LA countries are consistent
with this view. As can be seen in Figure 1, the current account balance clearly deteriorated in
this region during the time of US QE, and this was despite GDP growth being similar to the
pre-crisis period. On the other hand, in the DFC context, QE eases credit conditions, which
may justify some monetary contraction. The special feature of asset purchase programs is
that, unlike conventional monetary easing, they target the longer part of the yield curve,
and hence are more important for the costs of long-term financing, such as housing loans.
The transmission is likely to be particularly strong when the banking sector exposure to
government bond holdings is large, which is clearly the case in most LA countries.? Indeed,
after QE was introduced in the US, credit to households (Figure 2), which consists mainly

of mortgage debt, and house prices (Figure 3) continued to soar in this region. During the

! Among others, the central bank of Chile intervened in the currency market, capital controls were applied
in Brazil, while maximum loan-to-value policy was modified in Brazil and Colombia.

2When the first round of large-scale asset purchases started in the US in 2009, the share of claims on
government in total claims of the banking sector stood at about 44% in Mexico, 43% in Brazil, 20% in
Uruguay and 17% in Colombia. By comparison, the median of this share among 25 small open economies
was 10%. Source: IMF Monetary and Financial Statistics.



same period, household indebtedness in the US was on a decline while house price growth
was only moderate.

To verify the presence of these dilemmas more formally, we use the series of surprise
changes in large-scale asset purchases by the Fed estimated by Swanson (2020), and run
local projections as in Jorda (2005) on a panel of LA economies. We find that, despite mea-
sures undertaken to curb capital inflows, QE in the US leads to persistent appreciation of
LA currencies and growth in credit to households, thus creating tensions between macroe-
conomic and financial stability. We next develop a quantitative macroeconomic framework
that features such tensions, and use it to show that they can be mitigated, at least to some
extent, by an appropriate selection of policy tools. The model object is a small open econ-
omy, linked financially to the rest of the world by trade in long-term bonds only, which are in
turn imperfect substitutes of short-term bonds. As shown by Kolasa and Wesotowski (2020),
such a form of international asset market segmentation is strongly supported by the data for
EM economies, and generates realistic international capital flows, comovement in the term
premia and exchange rate adjustments in response to QE in developed countries. Another
important feature of our model is the presence of banks, operating similarly as in Gertler
and Karadi (2013), and collateral constraints in the housing market. The role of banks is to
intermediate funds between savers and the government and private borrowers. They provide
transmission from long-term bond prices to the cost of credit, which is additionally amplified
by endogenous responses of house prices.

The model, calibrated to LA data, successfully replicates a number of empirical findings
concerning both domestic and global financial cycles triggered by US QE. It generates a
large inflow of capital to EM economies, loss of international competitiveness, as well as a
boom in house prices and mortgage loans. Two key mechanisms are at play. One is the no-
arbitrage condition associated with international trade in long-term bonds, which postulates
equalization of returns on domestic and foreign bonds. Since QE abroad generates a deep fall
in foreign long-term rates, which is not matched by an equal drop in domestic rates under
standard monetary accommodation, local currency strongly appreciates, consistently with
evidence from local projections. The side effect is a sharp deterioration of small economy’s
international competitiveness. The second mechanism operates through internal arbitrage
between bank assets. An increase in bond prices depresses the cost of loans, leading to a
boom in credit and asset prices, also in line with econometric evidence.

As the model features pecuniary and aggregate demand externalities, the described sce-
nario generates challenges for policy in the EM economy, calling for the use of non-standard
measures that could complement conventional monetary policy. We consider three types of
measures discussed in the literature, and used in LA economies in response to US QE: foreign
exchange (FX) interventions, loan-to-value (LTV) cap on domestic borrowing, and capital

controls in form of taxes on long-term bond returns earned by non-residents. As we show in



our model simulations, an attempt to avoid the loss in international competitiveness by using
FX interventions necessarily leads to a stronger drop in local long-term rates, which amplifies
the domestic financial cycle. Constraining the latter can be achieved by applying domestic
macroprudential instruments such as tightening of the LTV ratio. However, when used alone,
this policy is neither very efficient in reducing capital inflow nor in limiting exchange rate
appreciation, and hence it does not address the problem of international competitiveness.
A policy that successfully deals with both macroeconomic and financial stability, and hence
provides an alternative to coordinated FX interventions and LTV tightening, is to impose
capital controls. In fact, this type of non-standard measure turns out to be clearly preferred
from a social welfare perspective. In particular, and in contrast to other interventions, it
helps allievate wealth redistribution between borrowers and savers that is caused by foreign
QE.

Our paper is related to several strands of the literature, and in particular to positive and
normative analyses of international capital flows, with a special emphasis on those arising
from QE. Among studies with a positive flavor, empirical papers clearly dominate, see e.g.
Fratzscher et al. (2018), Ahmed and Zlate (2014), Neely (2015), Lim and Mohapatra (2016)
and Tillmann (2016). Our main contribution to this line of research is to offer a quantitative
theoretical framework that, by incorporating both cross-border and internal borrowing, helps
understand the tensions between macroeconomic and financial stability faced by many EM as
a result of LSAP programs conducted by foreign monetary authorities.® In this way, we also
highlight the importance of QE in large economies for the financial cycle in other countries.

On the normative side, we contribute to the recent literature and policy debate on optimal
policy responses to international capital flows.* Unlike other papers in this line of research,
we focus on a specific type of capital flows, namely those induced by foreign QE, and on their
impact on the domestic credit and asset price cycle. This has important consequences for
the effectiveness of the considered policy reactions. The existing theoretical papers on FX
interventions suggest that they may improve macroeconomic performance (see e.g. Mertens
and Hassan, 2017; Cavallino, 2019; Fanelli and Straub, 2020) by alleviating financial market
imperfections as in Gabaix and Maggiori (2015).

There is also large literature stressing the benefits of countercyclical LTV adjustments for
smoothing credit booms driven by asymmetric productivity, news, terms-of-trade, housing
market or global liquidity shocks (Bianchi, 2011; Bianchi et al., 2016; Bielecki et al., 2019).
These predictions are usually confirmed by empirical studies, see e.g. Fratzscher et al. (2019)
or Gambacorta and Murcia (2019), even though less optimistic or skeptical views also exist,
especially for currency interventions (e.g. Chamon et al., 2019). Our key insight is that,

when faced with capital inflow induced by QE abroad, using either FX interventions or LTV

3To our knowledge, the only structural studies looking at QE spillovers are Alpanda and Kabaca (2017)
and Kolasa and Wesolowski (2020). None of them incorporates domestic credit or housing market.
4See e.g. the Integrated Policy Framework developed at the IMF (Adrian et al., 2020; Basu et al., 2020).



policy is not enough, and they need to be combined to address the relevant imbalances. As
shown by Ghosh et al. (2017), this is exactly what emerging market economies do when faced
with capital inflows.

Our analysis also underlines high effectiveness of capital controls, as already stressed by
a line of theoretical papers that do not consider QE as the driving force (e.g. Korinek,
2011; Ostry et al.,; 2012; Davis and Presno, 2017), also confirming their favorable role for
the credit cycle, as empirically tested by Forbes et al. (2015). According to our paper, if
capital controls are available, they are sufficient to address the impact of both GFC and DFC
arising from asset purchases by foreign central banks. This result contrasts with Korinek
and Sandri (2016), who find an additional role for macroprudential regulation of credit
during contractionary exchange rate depreciations, and the difference exactly reflects the
special feature of QE-induced capital inflows, namely their harmful effect on international
competitiveness of recipient countries.

The rest of this paper is structured as follows. In Section two we discuss empirical
evidence based on local projections. Section three describes the model and Section four its
calibration. In Section five we present our baseline scenario that shows how QE in the US
generates a financial cycle in EM economies. Section six evaluates possible non-standard

policy responses. Section seven concludes.

2 Empirical evidence on GFC and DFC

In this section we show that QE conducted by the Fed impacted the GFC and DFC in
LA economies, creating a dilemma between macroeconomic and financial stability, as we
described in Introduction. Our general goal is to check whether the trends discussed in
Figures 1-3 can be indeed attributed to the US QE. To this end, we use local projections
introduced by Jorda (2005). Exogenous US QE impulses are approximated using surprise
changes in LSAP by the Fed estimated by Swanson (2020), aggregated to quarterly frequency.
To capture the impact of the US QE on international price competitiveness in LA, we use
the nominal exchange rate appreciation of national currencies in the region against the US
dollar. The domestic credit cycle is represented by changes in credit to households.

More precisely, we estimate the following panel regressions:

n

Yitrh — Yit—1 = Qip + ﬁf?Edtgt + 5hQE(1 —dy)er + X0 Vh + Vit (1)

for h =0,1,2,3,4, where y; 11, is the dependent variable (the exchange rate against the US
dollar or credit to households) for country ¢ in time period t, &; is a series of asset purchase
shocks, d; is a dummy variable that splits the sample into the period before and after the

start of LSAP, x;, stands for a vector of control variables, «; 5 denotes country fixed effects,



Vi t+n are regression residuals, while 6,? , ZQ and ~;, are estimated parameters. We use

quarterly data spanning the time period 2001q1-2019¢2 for five LA economies: Argentina,
Brazil, Chile, Colombia and Mexico. As typically done in local projections, the vector of
controls in our baseline specification includes a set of lagged macroeconomic indicators. We
use statistical significance and standard information criteria for variable inclusion and lag
length selection. To avoid possible confusion with other monetary interventions conducted
by the Fed, we additionally use in the regressions shocks to the US short-term rate and
forward guidance, both of which are also taken from Swanson (2020). Further details on
data, estimation results and robustness checks are presented in Appendix A.1.

Figure 4 presents the baseline results for the exchange rate in the form of the impulse
response to one standard deviation QE shock in the US. Overall, it confirms the earlier
evidence from event studies of appreciation pressures on emerging market currencies following
US QE. Our results extend these previous findings to longer horizons, showing the significant
size and high persistence of exchange rate reaction. The maximum impact of an average
innovation to LSAP in the US amounts to 3% currency appreciation against the US dollar,
and it takes a year for this effect to materialize. This estimate may actually underestimate
the full pressure on EM exchange rates (at least on impact) as we do not control for FX
interventions conducted by central banks of LA economies, due to challenges associated with
their measurement (missing information on interventions, uncertainty whether they were
expected or not).

As for the DFC evidence, Figure 5 indicates the significant and persistent impact of US
QE on credit to households in LA countries, amounting at its peak to 0.6%. Again, as we
do not account in the local projections for endogenous reaction of local macroprudential
policies, the obtained responses are likely to underestimate the impact of foreign QE on the
domestic credit cycle.

Summing up, the evidence presented in this section clearly confirms that asset purchases
by the US Fed create a dilemma between macroeconomic and financial stability in LA, as we
formulated it in Introduction. Our next step will be to develop a model that will reflect this

dilemma, and use it to study the possible options for intervention by policy makers facing it.

3 Theoretical model

We develop our theoretical framework by relying on the small open economy paradigm. The
model economy is populated by two types of households that differ in their rate of time
preference, which separates them into borrowers and savers. The fiscal authority issues debt
in form of short-term and long-term bonds denominated in local currency, of which only the
latter are traded internationally. The financial flows from savers to borrowers and to the

government are intermediated by a banking sector that faces an agency problem, and credit



to borrowers is additionally limited by the value of their housing collateral. Monopolistically
competitive firms produce output, which they sell to domestic and foreign markets subject
to a price setting rigidity. In addition to standard monetary and fiscal rules, prices and
allocations in this economy can be influenced by the following non-standard policy measures:
exchange rate interventions, taxes on international capital flows, and limits on domestic credit
expansion.

In the rest of this section we describe the problems facing each type of agents. As
it is standard in the literature, we use asterisks to denote variables describing prices and
allocations determined by agents populating the foreign economy, and variables without time
subscripts indicate the steady state values. A full list of equations defining the equilibrium

in our model can be found in the Appendix.

3.1 Savers

A representative saver maximizes her expected lifetime utility over consumption ¢;, housing

hi and labor supply n;

- St [ - 422 o

where 0 < 35 < 1 is savers’ discount factor, o > 0 is the inverse elasticity of intertemporal
substitution, ¢ > 0 is the inverse Frisch elasticity of labor supply, and A, > 0 is the weight
of housing in utility. As it is common in the literature, we assume that housing demand of
savers is rigid and fixed at its steady state value, i.e. hj = h°.

Since savers are relatively patient, they own all firms in the economy, earning a flow of
dividends Div;. They also have access to one-period nominal deposits D, offered by financial
intermediaries that pay one-period gross nominal interest rate R;. The budget constraint of

savers can be then written as
.PtCi + Ph,t[hf — (1 — 5h)h§71] + Dt + E S thf + Rt—lDt—l + Divt (3)

where 0, is the housing depreciation rate, P, is the price of consumption goods, P, is the

price of housing, W, is the nominal wage, and 7; denotes lump sum taxes.

3.2 Borrowers

Borrowers’ utility is defined similarly to that of savers

Ut = EO{Z At { (D77 4, tog(ht) — M}} (4)
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except that their discount factor is lower, i.e. 0 < 5, < s, and their housing demand is not
rigid.
Borrowers have access to nominal loans L; offered by financial intermediaries at gross

interest R? so that their period budget constraint is
Pycy + Poalhy = (1= 0n)hi_y] + Ry Lioy + T, < Winy + Ly (5)

Additionally, borrowers face a collateral constraint

Ly < mE, {Ph,t+1hb,t} (6)

where m, can be interpreted as a loan-to-value (LTV) ratio, which we assume to be fully

controlled by the macroprudential regulator.

3.3 Banks

Banks channel funds obtained from savers to borrowers and to the government. Consolidated
public sector debt takes the form of short-term (one-period) bonds and central bank reserves
B, and long-term bonds B, ; traded at price Pr;. Following Woodford (2001), we model
long-term debt securities as perpetuities that pay an exponentially decaying coupon x*® every
period s +1 (s > 0) after the issuance, where £ € (0;1]. Banks’ balance sheet can then be
written as

Li+ B+ Pr+Bry = Ny + Dy (7)

where NV, is banks’ net worth.
Each bank survives into the next period with probability ¥ and maximizes the expected

value of terminal net worth

o0

Vo =Eo Z(l — 0)I'A; N, (8)

t=0

Exiting banks pay out their retained earnings to their owners, and hence discount them with
A$, which denotes savers’ marginal utility of nominal income. Banks are also subject to an
agency problem, i.e. they can divert a fraction @’ of their loans and a fraction @? of their
long-term bond holdings. This friction does not apply to short-term government bonds or
central bank reserves. Thus, these assets are perfect substitutes with deposits, and all of
them pay interest at a short-term rate R; that is fully controlled by the monetary authority.

Each bank then faces the following incentive compatibility constraint

Vi > oL, + w® By, (9)

Each period exiting banks are replaced with the same number of entrants, which are



equipped by savers with real startup funds z. The aggregate law of motion for net worth in

the banking sector can hence be written as

Ny =9 (R?_lLtfl + Ry PriBri—1+ Ri1Bi—1 — Rtletfl) + P

where Ry = Pp ! + k is the gross yield to maturity on long-term bonds.

3.4 Firms

To introduce imperfect substitutability between domestic and imported goods and imperfect
exchange rate pass through, we consider three stages of production. At the final stage,
perfectly competitive final goods producers combine homogeneous home-made and imported

goods yp ¢ and yg; according to

v—
v

_ 1=l 1ovelNpoT
I = (nvyH,t + (1 =n)" yg ) (10)

where n € (0;1) is the home-bias parameter and v > 0 is the elasticity of substitution
between domestic and imported goods.
At the middle stage of production homogeneous goods are produced by perfectly com-

petitive aggregators that use a continuum of intermediate inputs indexed by ¢

we=( [ 1 yj,t@')idz)“ (1)

for j = {H,H*, F'}, where index H*indicates exports and p > 1 controls the degree of
substitution between individual input varieties.
Intermediate inputs are either produced by monopolistically competitive firms that op-

erate a linear production function in labor

Y (@) + yp (i) = ma(i) — ¢ (12)

where ¢ is a fixed cost of production, or are imported and rebranded by monopolistically
competitive importers.

All intermediate goods firms set their prices in the currency of destination markets ac-
cording to the Calvo scheme. More specifically, every period producers face a constant
probability 1 — 0 of price reoptimization for the domestic market and probability 1 — 6%
of price reset for exports. Similarly, importers update their prices with a fixed probability

1—0p. Firms that cannot reoptimize index their prices to the steady state inflation. Since all



firms are owned by domestic savers, their problem at the time of price reset is to maximize

Eo Y (0n)'A} (Prro (i) 7" — W) ys(d) (13)
Eo Y (03)'A] (S:Prg (i) ()" — Wi) w3y, (4) (14)
Eo » (0r)'A; (Pro (i) (7)" — SiP;) yra(i) (15)

where S; is the nominal exchange rate expressed as units of domestic currency per unit
of foreign currency, Pp.(7) is the price set by intermediate producer i for the domestic
market, Py (i) is the price set for the foreign market, Pr;(i) is the price set by importers,
while 7, = P,/P,_; and ©f = P}/P} | are the domestic and foreign inflation rates for final
goods. This maximization problem is subject to the demand schedules solving aggregators’

optimization problem described above.

3.5 Government

The fiscal authority finances fixed real purchases of final goods g with lump sum taxes levied
on households T}, taxes imposed on non-residents buying domestic long-term bonds, central
bank profit II}", and net debt issuance. The budget constraint of the fiscal authority can
hence be written as

Bi + PruBi, +Ti+ nPLyRe B, o + 1" = Ry 1By + PryR1, B+ Pge (16)

where Bﬂt and B denote the supply of, respectively, long-term and short-term government
bonds, B}, denotes domestic bonds held by foreign agents, and 7; is the tax rate on gross
return on the latter. We assume that the real value of short-term bonds by = BY /P, is held
constant while long-term government debt evolves such that the fiscal budget constraint (16)

holds under the following rule for taxes
T Pry1b7 R
S =g+ (—L’t . (17)
I

where 7, > 0 controls the speed at which taxes adjust to restore real government debt to

its long-term level, and ® is a positive constant such that in the steady state the rule is

consistent with the government budget constraint.

Conventional monetary policy is implemented by the central bank that follows a standard

10



Taylor-like feedback rule

I CINONONN s
R R s Y
where 7, € (0;1) controls the degree of interest rate smoothing, while v, and -, reflect,
respectively, the strength of interest rate response to deviations of inflation from the target
and to the output gap, with aggregate output y; as defined in the next section.

The central bank can also directly intervene in the foreign exchange market by buy-
ing foreign long-term bonds F7, with newly created reserve money B;". Its balance sheet
constraint is hence

P SiFre = B (19)

and profits transferred to the fiscal authority are
07" = (PLRL S — PLy 1 Sea)Fre — (R — 1) BT (20)

The characterization of government reactions is complemented by feedback rules describ-
ing the evolution of the tax rate on international capital flows 7, foreign reserves accumulated
by the central bank F,, and the LTV ratio m,. In our baseline scenario we do not assume
any policy reactions other than those implied by the fiscal and monetary rules (17) and (18),
ie. Fr; =7, =0 and m; = m. Otherwise, adjustments in these non-standard instruments

are defined while presenting the policy scenarios.

3.6 Market clearing

If we denote the share of borrowers as wp and normalize the total mass of households to

unity, the equilibrium on the goods market can be written as
Jr = wpc + (1 —wp)c + g (21)
and housing market clearing requires
h = wyh? + (1 — wy)hi (22)

The aggregate resource constraint is

1—w

Ve = YDy + YDy = wyny + (1 — wy)ng — ¢ (23)

where, for j = {H, H*}



are the measures of price dispersion resulting from staggered pricing by intermediate goods
producing firms.
Since only banks can purchase short-term government bonds and hold central bank re-

serves, the associated market clearing condition is

while that describing the long-term bond market is
BL,t + Bi,t = B%,t (26)

Together with the budget constraints of all agents in the economy, all these market
clearing conditions imply the following law of motion for the economy’s total foreign debt,

including foreign reserve holdings by the central bank

PL,th,t - StPIf,tFL,t = (1 - Tt)RL,tPL,tBZ,t—l - Rz,tPL*,tStFL,t—l + Priyrs — StP;I,tyl*LI,t (27)

3.7 Rest of the world

Given our small open economy assumption, foreign allocations and prices are exogenous to
home agents and the rest of the world is treated as a closed economy. To generate quantitative
easing in the foreign economy, we introduce into it market segmentation between short-term
and long-term bonds in a parsimonious way. In the essence, and compared to a standard
New Keynesian setup, this economy features an additional type of households, who are
financially restricted in that they can trade only in long-term bonds. This, together with
adjustment costs associated with transactions in bonds, makes bonds of different maturity
imperfect substitutes. As a result, quantitative easing, modeled as an exogenous change in
the maturity composition of consolidated public debt, has real effects. Since such defined
framework is essentially a simplified version of Chen et al. (2012), we do not describe it in
detail here. A full list of conditions defining its equilibrium can be found in the Appendix.
Our small open economy is linked to the rest of the world via trade and financial link-
ages. When buying foreign goods, domestic importers face an exogenous price P/, while the

demand for exports is given by a standard formula

* * P}‘k[t v *
Yie =1 ( P;:) Y (28)

Since long-term bonds issued by the small economy can be traded by foreign agents subject

12



to capital flow taxation, we have the following long-term UIP condition

E, {At,t+1<1 - 7'tJrl)RL,ltJrl s : } =E, At,t+1RL,t+1 Liﬂ (29)
P, Lt St—l—l P Lt

where A}, ; is foreign investors’ stochastic discount factor for nominal payoffs expressed in

foreign country’s currency.

4 Calibration and solution

We calibrate our small open economy model to mimic LA characteristics. We set the pa-
rameters to match some key steady state values observed in the data or take them directly
from the literature. Table 1 shows the calibrated parameters whereas Table 2 presents the
targeted steady state proportions. The time period is one quarter.

In our model, the key transmission channel hinges on housing credit, banking sector
frictions and bond holdings. We target mortgages to (annual) GDP in the steady state at
0.16 , which falls in the middle of the range of household debt to GDP in LA.? In order to
meet this goal, we set the share of borrowers equal one quarter. By calibrating the housing
preference parameter at 0.09 we aim at reaching the housing stock to GDP ratio in the steady
state (about 1.25 annually), in line with the data on household real wealth to GDP in Brazil
and Chile as reported by Suisse (2018). At the same time, we keep the depreciation rate of
housing stock at a standard level of 0.005 and the steady state LTV ratio at a conventional
level of 0.8. Without loss of generality, the fixed housing stock is set to normalize steady
state real house prices to unity.

Based on the World Bank and the International Monetary Fund Quarterly Public Sector
Debt data, the share of sovereign bonds in quarterly GDP is calibrated at 1.5, while the
share of long term bonds is set to 0.8.% In order to meet the steady state share of foreign
investors in the domestic bond market of 15 percent’ as well as bank leverage of 6, which
is standard in the literature and in line with the Basel Committee recommendations, we set
both bank run-away parameters to 0.26 and the survival probability to 0.95. Since long-term
bonds are modeled as perpetuities, we need to specify their coupons. We do it to match the
duration of long-term bonds in LA equal to 8 years.®

The discount factor of savers is set to a conventional value of 0.995 while that of borrowers
is calibrated at 0.985 so that the relative impatience of this type of agents is similar to that

used by Campbell and Hercowitz (2009). The price stickiness parameters are calibrated such

5 Average value for Brazil, Chile, Colombia, Argentina and Mexico 2008. BIS data.
6The data refers to the average share in Brazil, Colombia, Argentina and Mexico in years 2011-2018.

" Average value for Brazil, Mexico and Peru in 2009q1. Credit Suisse data.
8 Average modified duration for Chile and Mexico in 2008. OECD data.
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that they imply the average price duration of about five quarters for domestic sales and half
of that for international trade. These values ensure reasonable slope of the Phillips curve
and degree of exchange rate pass-through.

The remaining parameters are either well-established in the literature or do not have
important effects on our results. The steady state government spending in both countries is
set to 0.2 of GDP, roughly in line with the long-run averages observed in the data. The long-
run inflation rate is calibrated at 2% annually. The elasticity of intertemporal substitution,
the Frisch elasticity of labor supply, price markups, and interest rate rule coefficients are
all set to standard values used in the DSGE literature. In the baseline parametrization, we
assume that the central bank does not directly respond to exchange rate movements.

To link the small economy to the rest of the world, we calibrate its home bias parameter at
0.75 to capture the average share of imports in GDP in LA, corrected for the import content
of exports estimated by the OECD.? The elasticity of substitution between domestically
produced goods and imports is set to 1.5, which can be seen as a compromise between the
micro and macro estimates found in the literature. The same value is used to describe the
price elasticity of exports.

The foreign closed economy is aimed to reflect the key features of the US. Since this block
of our model essentially serves to generate the paths of bond prices, inflation and output in
the rest of the world in response to its QE, while parametrizing it we draw heavily from Chen
et al. (2012), who estimate a very similar closed economy framework to study the effects of
QE in the US. The full list of assumed parameter values for the large economy can be found
in the Appendix. As a double check, we additionally make sure that the obtained reactions
in the large economy of those variables that are key from the small economy’s perspective
are consistent with the existing empirical evidence on the effects of QE.

We solve the model in a perfect foresight mode. This means that, even though QFE is
not anticipated in advance, once it is announced, the whole future path of asset purchases
is perfectly known to all agents. This formulation allows us to preserve all non-linearities
in our model, including the possibly binding effective lower bound on the nominal interest
rate and an occasionally binding collateral constraint. To smooth out the initial responses of
borrowers and make the model simulations more stable, we replace the collateral constraint
by a smooth penalty function advocated by Den Haan and De Wind (2012). The advantage
of this approach is that we can parametrize the penalty function such that it gets arbitrarily
close to a kinked constraint, and that it preserves its key features in deterministic simulations
even for parametrizations that are reasonably smooth around the kink, see Brzoza-Brzezina
et al. (2015).

90.75 is very close to the average in Chile and Mexico and somewhat larger than in Colombia and Brazil.
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5 QE-driven financial cycles

We first use our model to generate a scenario that mimics one round of quantitative easing in
the large foreign economy, and investigate how it affects the small country. Figure 6 presents
the results. The panels in the first row present the response of the foreign economy. The
sequence of central bank asset purchases are constructed such that they lower the share of
long-term debt in total public sector liabilities by around 4 percentage points within one
year, in line with a typical round of QE in the US. After a year, QE is gradually withdrawn,
at the pace implying a half-life equal to about three years.! We also assume that the large
economy faces a binding zero lower bound constraint until the sequence of asset purchases
is completed so that the foreign short-term interest rate is fixed over the period of one year.

As the foreign central bank reduces the supply of long-term bonds, it squeezes the trans-
action costs of foreign unrestricted households. Consequently, the term premium in the large
economy decreases, driving down the long-term interest rate by around 15 bps. This reaction
is a bit larger than obtained by Chen et al. (2012), who consider the effects of LSAP II in the
US in a model with bond market segmentation, but closer to empirical studies that usually
report a stronger response of bond yields. The increase in foreign output of about 0.08% at
peak is also in line with Chen et al. (2012).

Due to trade and financial linkages, developments in the large economy generate reactions
in the small economy, which we depict in the remaining panels of Figure 6. There are two
key mechanisms at play. The first one, associated with the global financial cycle, hinges on
international asset market segmentation in the model that allows only for cross-border trade
in long-term bonds.!! Since foreign households arbitrage between returns on domestic and
foreign assets (see equation 29), a drop in the return on foreign long-term bonds induces an
inflow of capital to the small economy. This generates appreciation of its currency by 0.8%
on impact and a fall in the long-term rate by 10 bps.

The second mechanism relates to the domestic financial cycle.  When the return on
domestic long-term bonds goes down, banks arbitrage out returns from bonds and mortgage
loans, inducing a drop in the lending rate in the small economy. This, together with a boom
in house prices that relaxes the collateral constraint, translates into expansion in credit to
households by 0.5%. Higher borrowing fuels domestic demand that increases by 0.2%.

In the simulation, the exchange rate appreciation that undermines international compet-
itiveness of the small economy is large enough to generate a contraction in its output and a
fall in inflation, despite a boom in domestic spending, thus reflecting the concerns expressed

by Rajan (2016).!% In response, the central bank lowers the short-term interest rate in order

10The simulated reactions reported in this section do not depend qualitatively on the assumed pace of exit
from QE, but become substantially stronger if the asset purchases are more persistent.

HSee Kolasa and Wesotowski (2020) for a detailed explanation of the theoretical implications of the
assumed bond market segmentation and empirical evidence validating it.

121t is worth noting that our model generates this outcome without exaggerating the magnitude of exchange
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to preserve macroeconomic stability. This further increases the demand for credit and house
prices, exacerbating the domestic financial cycle.

At this point it is straightforward to see that, if the central bank in the small economy
attempted to limit capital inflow and reduce appreciation of the exchange rate with conven-
tional monetary policy, it would need to lower the short-term interest rate much more. In
this way, it would generate a deeper fall also in the domestic long-term rate, hence reducing
the incentive of foreign agents to buy small economy’s bonds. This intervention, however,
would lead to an even stronger boom in credit and asset prices that can be viewed as the
manifestation of the Tinbergen rule — one policy tool, i.e. the short-term interest rate in the
small economy, cannot simultaneously ensure both macroeconomic (internal and external)
and financial stability. In general, a trade-off between domestic and external imbalances is
well-known for policymakers in many emerging market economies (see e.g. BIS, 2012). What
makes it particularly challenging in the context of foreign QE, and potentially different from
other forces driving capital flows to emerging markets, is that it generates a contraction in

the recipient country.

6 Non-standard policy measures

In this section we investigate how the policy trade-off in small open economies resulting
from foreign QE-driven DFC and GFC, can be alleviated with complementary policy tools.
We focus on instruments that address international or domestic borrowing more directly,
and which have already been used by emerging market economies (including LA) to combat
large capital inflows and their disruptive consequences. These are: foreign exchange (FX)
interventions, capital controls and caps on domestic borrowing. All of these non-standard
measures have been identified in the theoretical literature as potentially useful in correcting
externalities associated with capital flows. Rather than parametrizing specific rules for each
of the three instruments, we investigate their working one at a time, each time assigning to
them one specific stabilization objective that can be considered their natural target. These
targets are: the nominal exchange rate for FX interventions, net foreign assets position
for capital controls, and domestic credit for caps on borrowing. Following this strategy
allows us to immediately see how meeting a particular target affects other macroeconomic
developments, and hence to what extent a given instrument can help resolve the trade-off
between macroeconomic and financial stability. In all these experiments, we assume that the

short-term interest rate is set according to the baseline feedback rule (18).

rate appreciation, see local projection evidence in Section 2.
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6.1 FX interventions

We start with foreign exchange (FX) interventions, which are a typical central bank instru-
ment used to stabilize the nominal exchange rate, and a natural complement to changes in
the policy rate. We assume that the monetary authority, apart from adjusting the short-
term rate in response to output and inflation, also purchases foreign long-term bonds F7,; in
quantity that ensures perfect nominal exchange rate stabilization.'®> In our setup, purchas-
ing foreign bonds is financed with issuance of short-term domestic bonds, which is a model
equivalent of sterilized FX interventions.

The outcome of such defined scenario is presented in Figure 7. The scale of interventions
on the foreign exchange market needed to stabilize the nominal exchange rate is reasonable
— at its peak it does not exceed 3.5% of GDP, which is roughly the size of purchases by the
central bank of Chile in 2011. It is also consistent with central bank communication in the
LA region, where the monetary authorities explicitly announced in the past that their FX
intervention were aimed at reducing the appreciation pressure (see e.g. BIS, 2012).

In line with the long UIP condition (29), stabilizing the nominal exchange rate requires
the long-term interest rate in the small economy to fall more than in the baseline scenario.
This prevents capital inflow from abroad and can turn the response of output into a positive
one as the country now benefits from expansion in economic activity abroad without losing
its international competitiveness. Actually, the amount of FX purchases needed to keep
the nominal exchange rate stable eventually leads to a capital outflow and fall in domestic
demand. This means that, if the goal is to prevent a fall in output due to loss of international
competitiveness, a smaller scale of the intervention would be sufficient. At the same time,
however, lower long-term interest rates not only limit inflow of capital from abroad, but
also translate into a more rapid expansion in domestic credit and, consequently, a sharper
increase in house prices. Again, arbitrage in the banking sector is key for the transmission
of high bond prices to the cost of credit.

To sum up, combining conventional monetary policy with FX interventions allows to
address both internal and external dimensions of macroeconomic stability, but at the expense
of amplifying the domestic financial cycle. The two policies are not good complements due
to international arbitrage in bond markets. An attempt to increase the policy rate to curb
the domestic financial cycle widens the long-term interest rate differential, which creates the
need for even bigger FX intervention to prevent exchange rate appreciation, thus annihilating

the effect of tighter monetary policy on the cost of credit.

13The outcomes are the same if we define FX interventions as central bank purchases of foreign short-term
bonds.
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6.2 LTV policy

A natural complement to conventional monetary policy that can be used directly to limit
internal credit expansion is domestically-oriented macroprudential policy. One of the popular
instruments used in this context is the maximum Loan-to-Value (LTV) ratio, which in our
model is represented by the policy parameter m,;. In our simulations, we assume that it is
adjusted such that domestic credit is perfectly stabilized at its steady state level.

As can be seen from Figure 8, to achieve this goal the LTV ratio needs to be tightened
by about 0.5 percentage points. This may look like a modest intervention, but remember
that in our model debt is one-period. In reality, mortgages are taken by households for
many years, and changes in the LTV limit apply only to new borrowing. This means that,
according to our simulations, the adjustment of this policy parameter that is required to
prevent expansion in credit is actually quite sizable, but not inconceivable given the actions
taken in those countries that actively use this type of macroprudential policy tools (see e.g.
Richter et al., 2018). A lower LTV ratio also cuts the peak in absorption as borrowers
have to reduce their consumption under tighter credit limits, and helps reduce the boom in
house prices. As for other variables, however, the impact of this policy is very moderate.
In particular, it is not helpful in reducing external imbalances — both net foreign assets and
exchange rate appreciation are similar to the baseline scenario.

In contrast to FX interventions, which were supposed to shield the domestic economy
against falling output and inflation, LTV policy can be seen as designed to address the
domestic financial cycle. In this way it can create more space for the central bank to coun-
teract contractionary forces associated with the loss of international competitiveness. This,
together with the lack of significant effects on external stability, makes LTV adjustments a
good complement to sterilized FX interventions, and combining these two policies can effi-
ciently deal with both macroeconomic and financial consequences of QE-induced global and

domestic financial cycles.

6.3 Tax on capital flows

Finally, we consider an outward-oriented macroprudential policy that directly addresses the
capital inflow. We focus on a tax on foreign investors’ returns whenever they hold small
economy’s assets as it seems to be a natural tool to reduce a carry trade motive of capital
inflows. Among LA countries, this type of capital controls has been used during the QE
period by Brazil. As in the case of FX interventions, we assume an extreme version of
adjustments in the tax on foreign returns 7;, setting it such that it perfectly stabilizes the
small economy’s net foreign asset position (in relation to GDP).

As Figure 9 documents, such policy is very successful at stabilizing house prices, credit,

and domestic demand. It also significantly reduces the exchange rate appreciation so that
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output in the small economy slightly expands, generating a moderate increase in inflation.
According to our simulations, the required increase in taxation amounts to about 11 bps at
peak. This value can be compared to the steady state quarterly yield on long-term bonds
issued by the small economy (81 bps), and hence the scale of this intervention is definitely
not unreasonable.

Overall, the macroprudential tax on foreign positions appropriately deals with both GFC
and DFC. This is quite intuitive as this instrument directly addresses the primary channel of
QE spillovers, i.e. international arbitrage in bond prices. As capital inflow taxes shrink the
difference between net returns on domestic and foreign long-term bonds for foreign agents,
they effectively discourage capital inflows to the home economy. As a result, appropriate
adjustments in this macroprudential instrument counteract emerging internal and external

macroeconomic imbalances, and at the same time preserve financial stability.

6.4 Welfare effects

We complement our analysis of non-standard policy measures with a discussion of their
welfare consequences. Since our model features two distinct types of households, which
differ in average net asset positions and their composition, both QE abroad itself and possible
policies aimed at mitigating its effects can have potentially important redistributive effects.
As borrowers hold negative assets and are financially constrained, easier credit conditions
and higher collateral value generated by foreign QE are likely to improve their welfare. In
contrast, savers are likely to lose due to lower interest income and higher spending on housing.

This intuition is confirmed in Table 3, in which we show how welfare of the two types
of agents, defined by formulas (2) and (4), change under asset purchases implemented in
the large economy, with possible policy interventions undertaken in the small economy as
described in the previous section. All numbers are expressed as the difference from the
steady state. Since we do not optimize the scale of interventions, but aim at illustrating their
working, in what follows we concentrate more on their qualitative rather than quantitative
effects.

Preventing exchange rate appreciation using FX interventions makes redistribution of
welfare even larger. This is because this policy amplifies the financial cycle, thus relaxing
credit constraints faced by borrowers. The opposite effect is achieved with LTV tightening,
which thus turns out to be an efficient tool to mitigate redistribution caused by foreign QE.
Finally, welfare loss of savers can be almost completely prevented with appropriate adjust-
ment in taxes on capital inflows, leaving still some benefits on the part of borrowers. This
result from several general equilibrium effects: higher output and tax revenue translate into
rising income of both types of households, while a higher short-term interest rate supports
the financial condition of savers. Overall, our welfare analysis confirms that capital controls

should be considered as the preferred response of the small open economy to large-scale asset
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purchase programs conducted abroad.

7 Conclusions

Capital inflows stemming from unconventional policy measures implemented by the US Fed
have a substantial impact on economic and financial stability in EM economies. This paper
adds to the understanding of this process by providing empirical evidence on QE spillovers
to exchange rates and credit growth in LA, and by developing a structural macroeconomic
model that combines a realistic description of asset market segmentation with the role of
domestic credit and asset prices, amplified by financial frictions associated with collateral
constraints and agency problems. In response to foreign QE, the model generates a large
inflow of capital to an emerging market economy, loss of its international competitiveness, as
well as a boom in house prices and mortgage loans that successfully mimic empirical evidence
for LA countries. As output and inflation decline, the EM central bank faces a trade-off
between macroeconomic and financial stability that cannot be resolved with conventional
measures.

An attempt to avoid the loss in international competitiveness by preventing exchange
rate appreciation using short-term rates or currency interventions necessarily leads to easier
credit conditions, which amplifies the financial cycle. To constrain the latter, exchange rate
policy should be combined by additional measures, such as tightening of the domestically-
oriented macroprudential policy. An instrument that addresses both macroeconomic and
financial stability issues is time-varying taxation of international capital flows. This type of
non-standard policy is also clearly preferred from a social welfare perspective.

A general insight from our analysis is that capital inflows to emerging market economies
induced by large scale asset purchases abroad should be treated differently from other drivers
of the global financial cycle. This type of flows create more severe trade-offs for the recipient
countries, strengthening the case for tighter coordination between domestic monetary and
macroprudential policies, and fora more active use of the latter. However, as our analysis
reveals, an appropriate selection of macroprudential policy tools is key if the goal is not only
to stabilize the economy as a whole, but also to prevent substantial welfare redistribution

between borrowers and savers.
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Tables and figures

Table 1: Calibrated parameters

Parameter Value
Share of borrowers; w, 0.25
Inv. elasticity of intertemporal substitution; o 2
Inv. Frisch elasticity of labor supply; ¢ 2
Discount factor, borrowers; 3° 0.985
Discount factor, savers; [5° 0.995
Coupon; & 0.929
Depreciation rate of housing stock; dy, 0.005
Preference parameter for housing; ay, 0.09
Steady-state LTV ratio; m 0.8
Steady-state housing stock; h 5.26
Bank run-away parameters; w”, @w? 0.26
Bank surviving probability; ¢ 0.95
Startup funds for banks; x 0.0083
Calvo probability for domestic production; 0y 0.8
Calvo probability for exports and imports; 63, 0 0.6
Price markup; p 1.15
Elasticity of substitution btw. home and imported goods; v 1.5
Home-bias; n 0.75
Steady-state inflation; 7 1.005
Interest rate smoothing; ~, 0.9
Interest rate response to inflation; 7, 1.5
Interest rate response to output gap; v, 0.125
Tax response to long-term debt; v, 1.3

Table 2: Targeted steady state ratios

Steady state ratio Value
Share of government spending in GDP; % 0.2
Ratio of government bonds to GDP; YAPLb 1.5
Share of long-term bonds in total bonds; % 0.8
Share of residents in small economy’s long-term bonds; % 0.85

7b%
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Table 3: Welfare effects

. FX LTV Capital inflow
Baseline . . : .
interventions tightening tax
Borrowers 0.023 0.108 0.013 0.005
Savers -0.032 -0.043 -0.030 0.000

Note: All numbers are presented as deviations from agents’ lifetime utility in the steady state.

Figure 1: Current account to GDP
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Figure 2: Household debt to GDP
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Figure 3: House prices
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Figure 4: Response of nominal exchange rate in LA to LSAP shock in US
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Note: Local projection panel estimation for Argentina, Brazil, Chile, Colombia and Mexico. US LSAP shocks are taken from
Swanson (2020). The presented responses refer to the period 2009q1-2019q2. A negative response indicates LA exchange rate

appreciation against the US dollar.

Figure 5: Response of household credit in LA to LSAP shock in US
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Note: Local projection panel estimation for Argentina, Brazil, Chile, Colombia and Mexico. US LSAP shocks are taken from

Swanson (2020). The presented responses refer to the period 2009q1-2019qg2.
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Figure 6: Effects of quantitative easing in the large economy
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Figure 7: Effects of FX interventions
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monetary authority in the small economy intervenes on the FX market by purchasing foreign long-term bonds in exchange for
central bank reserves so that the nominal exchange rate is perfectly stabilized. All responses are in percent deviations from the

steady state. The responses of interest and inflation rates are annualized.
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Long-term rate

Figure 8: Effects of LTV policy
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Figure 9: Effects of taxing capital gains of foreigners
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Appendix A

A.1 Panel estimation of local projections

In this appendix we present some more details on the local projection estimates discussed
in Section 2. Table A.1 reports the definitions of variables that we used in the estimated
regressions and their data sources. Note that the baseline specifications do not necessarily use
all of these variables as their inclusion was determined by information criteria and statistical
significance. The only exception from this selection criteria are the US QE dummy and
variables approximating US monetary policy shocks that are included in all regressions since
they are crucial to assess correctly the impact of US QE shocks on endogenous variables.

Table A.1 shows the estimates of ﬁ,?E obtained in the exchange rate regressions. We
report the outcomes for the baseline estimation and for three alternative specifications. In
the baseline, the control variables include the US QE period dummy, two non-QE monetary
shocks in the US (i.e. shocks to the federal funds rate and to the forward guidance), lagged
first differences of domestic GDP, domestic CPI, US GDP and VIX, as well as contempo-
raneous change in VIX to control for global sentiment in financial markets. As robustness
checks, the table presents also the estimated parameters of interest in models without the
lagged difference of FX, with two lags of control variables, and without a contemporaneous
impact of VIX. All of them lead to similar estimates to the baseline and all of them are
inferior in terms of information criteria.

Table A.1 presents the estimates for credit to households. In the baseline regressions,
the control variables include the US QE period dummy, two non-QE monetary shocks in the
US, as well as lagged domestic GDP, CPI and exchange rate against the US dollar. The
reported alternative specifications drop the lagged change in credit or include two lags of
control variables. They do not change significantly our baseline results but perform worse in
terms of information criteria. By the same token, checking specifications with other controls,
we found them not improving the estimation.

For both sets of regressions, we also checked other specifications, using the remaining
variables listed in Table A.1. However, they did not enter in a statistically significant way

nor improve the model performance.
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Table A.1: List of variables in local projection models

Variable Description Data source Data description

Exchange rate against the US dollar (log) BIS BIS/xru_current/

Credit to households and NPISHs (log) BIS Credit from all sectors at market value,
domestic currency, adjusted for breaks

LSAP shock Swanson (2020) LSAP factor

Federal funds rate shock Swanson (2020) Federal Funds Rate factor

Forward guidance shock Swanson (2020) Forward guidance factor

GDP - expenditure approach (log) OECD VOBARSA

CPI index (log) OECD CPI: 01-12 - All items; seasonal adj. TRAMO/SEATS

Short-term interest rate OECD, Bloomberg Per cent per annum

House prices (log) OECD Country level, Index publication base

US GDP - expenditure approach (log) OECD VOBARSA

US CPI index (log) OECD CPI: 01-12 - All items; seasonal adj. TRAMO/SEATS

VIX index Bloomberg N/A

Table A.2: Local projections for LA exchange rates against the US dollar

h=0 h=1 h=2 h=3 h=4
Baseline 0.030 0.066 0.122*  0.189***  (.196%**
(0.015) (0.033) (0.048)  (0.040)  (0.029)
Without lagged exchange rate 0.012 0.049  0.113*%  0.175%**%  (.184***
(0.016) (0.032) (0.045)  (0.035)  (0.027)
2 lags of control variables 0.014 0.064  0.119*%  0.224**%  (.248%**
(0.015) (0.032) (0.051)  (0.050)  (0.035)
Without contemporaneous VIX | 0.001 0.037  0.103*  0.165**  0.175%**
(0.018) (0.034) (0.046)  (0.036)  (0.027)

Note: *** p<0.01, ** p<0.05, * p<0.1. The numbers are estimates of parameter B}?E in equation (1) for the exchange rate
regressions. Standard errors in parentheses, stars indicate statistical significance: *** p<0.01, ** p<0.05, * p<0.1. A positive
estimate means that an unexpected increase in asset purchases in the US (negative realization in the Swanson (2020) LSAP
factor) leads to LA currency appreciation at horizon h.

Table A.3: Local projections for credit to households in LA

h=0 h=1 h=2 h=3 h=4
Baseline -0.014  -0.032* -0.046* -0.049  -0.047
(0.007)  (0.014)  (0.020) (0.027) (0.031)
Without lagged credit -0.017*  -0.039*  -0.054*  -0.057  -0.057

(0.008)  (0.015)  (0.021) (0.027) (0.032)
2 lags of control variables | -0.014* -0.030** -0.041* -0.038  -0.039
(0.006)  (0.011)  (0.017) (0.023) (0.029)

Note: The numbers are estimates of parameter ,BSE in equation (1) for loans to households regressions. Standard errors in
parentheses, stars indicate statistical significance: *** p<0.01, ** p<0.05, * p<0.1. A negative estimate means that an
unexpected increase in asset purchases in the US (negative realization in the Swanson (2020) LSAP factor) leads an increase
in credit in LA at horizon h.
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A.2 Equilibrium conditions - small open economy

The following equations list the equilibrium conditions in the small open economy, for given
allocations and prices in the large economy. Those are jointly determined by the system
of equilibrium conditions described in the next section. The list of equations making up
the equilibrium is complemented by the rules (or exogenous values) describing the evolution
of the following three policy instruments: tax rate on international capital flows 7;, foreign
reserves fr, = Fr,/P;, and the LTV ratio m.

A.2.1 Households

Marginal utility

A =(ct)” (A.1)
A=) (A.2)
Bond prices
1
Pry=—— A3
e (A.3)
Households’ budget constraints
s s s Ry s .
Ct + ph?t[ht - (1 - 5h)ht71] + dt + tt - ﬂ_t dt_l + wtnt + dZ'Ut (A4)
b b b Rr—1p b b
Ct +ph,t[ht - (]. - 5h)h’t71] + T ltfl + tt — lt + wtnt (A5)
Collateral constraint and its tightness
1} < mE, {ph7t+17rt+1h?} (A.6)
xt =0 (A7)
Complementary slackness condition
(l? — mEt {ph7t+1ﬂ't+1h?}> Xt = 0 (AS)
Consumption-leisure choice
(n§)? = Ajwy (A.9)
(n?)¥ = Xow, (A.10)
Optimal financial decisions by households
R
3 = o { N (A1)
Tt4+1

34



R
Ao = B'E, {)‘f&)+1 Lt } + Xt

Tt4+1

Housing demand
he = h*
A\ _ an b b
iPht = 5 + B7(1 — 05 Ey {At+1ph,t+1} +myxeEe {pnsr1mir1}
t

Dividends
(1 — wp)divy = pryme + StPi Y — W [ang +(1— wb)nf] + (pry — st)yrs + divy

A.2.2 Financial intermediaries

Value of lending

; R} — R
Vie =B { S T
t Tt4+1

Value of bond holdings

Pr i1
S 5 Rpi+1— Ry
t+1 L,t ’
VB = B°Ey — Q1
Af 41

Value of net worth

A2 R
Vi = B°Eq { ;1 Qt+1t}
t Tt41

Binding incentive compatibility constraint

Ve + Vi Pribr s + Vvang = whly + P,

Marginal value of net worth

l Prb
Q=01-9)+9 (VL,tt + VB,tM + VN,t)
ny¢ ny¢

Optimal asset portfolio

Ve Vb

) )

oL 9B

Net worth in the banking sector

Tt Pri 1 m Tt Tt

)

RY Pr; R R Ry
ng =9 < AT bt L’tPL,tbL,t—1 + = lbtfl - ldtl) +x

Net transfers to savers

Ry,
ly—1 + Prbri—1+ bi—1 —
Tt Pry 1 m ¢ U

div? = (1 —9) <
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(A.12)

(A.13)

(A.14)

(A.15)

(A.16)
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A.2.3 Firms

Final goods basket

1 v—1

ge=|nv (yue) v +(1—mn)

N
—
5
~
N—
N
x|
—
1
N
|
=

Optimal composition of final goods basket
yre =1 Pme) " Ut
yre = (L—n) (pre)™" Ge

Export demand

Real price indices

b ﬂ't
Optimal reset prices

. Qg
PH M’I‘ P

K

2 ™\

Qe = Nwpgy, yag + BOE | —— Q41
’ Tt+1

T T I—p
Y= Nph, yis + BOuE: () ThHi1
’ Tt+1

Qry
Try

DRt = I
u

e "
Qre = AN sipp, yre + BOFE, () Qi+
’ Tt4+1

1

B T I—p
Yy = Nppy Yre + BOFE: () Tptt1

Tt4+1
*
L Yy
pH,t_luT*
H.t
K
OF = \8 *ﬁ * “0* | " 17“9*
e = Nwipgy Y+ 00k = H,t+1
t+1
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(A.23)

(A.24)
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(A.27)
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(A.29)
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(A.31)
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b x|\ T
x  __ys n—1,_ % * )% *
T =NistPyy Yy + B 0uEe (W* ) T 41
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A.2.4 Government

Monetary policy rule

NCINONON

Consolidated government budget constraint

. Rry
bg + b + PL,tb%,t — StPL7th,t + b+ 1 Pryt- ﬂ-t, th
Ri_1 RL,t * szt
= (Of_y +02y) + Pry—=b7 = sePLy— " fre—1+49
T T ’ Ty

Total government debt
bf + PL,tb%t =bI 4+ PLb‘%

Supply of short-term government bonds
b = b9
Central bank balance sheet
byt = StPE,th,t
A.2.5 Aggregation and market clearing

Housing market clearing
h= wbhlt) + (1 —wp)h§

Credit market clearing
Iy = wyl?

Goods market clearing
Ge = wpcf + (L= wp)ef + gt

Aggregate production function
Y AHL + Y Db = wpnl + (1 — wy)ny — oy

Aggregate output
Yt = YA + YDy
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(A.35)

(A.36)

(A.37)
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(A.39)

(A.40)

(A.A41)
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(A.43)

(A.44)
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Price dispersion
K

%1 1% D 1—
Ay = < PH )H OrAm1 <7T) ' +(1—0g) (th> ' (A.47)
PHt—1 Tt PHt
* Ht Ak ™ H * Hit
A=\ = O A1 (*> + (1 =05 | = (A.48)
Pt Ty P+
Bond market clearing
by = b + b (A.49)
(A.50)

bL7t + bﬁi”t — b%,t

Net foreign debt

Prbr s — siPrifre = (1 —7)Prs . ! bri—1—stPry W*’t fLi-1+PFYF — SPHYH (A.51)
t t
Foreign demand for home long-term bonds
Rpti1 Priv1 St } Ry 1 PLoa
E: A (1 — 1yq)— : =Ei A} T A.52
t { t+1( t+ ) T4l PL}t St+1 t t+1 7T;/k+1 PL*7t ( )
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A.3 Equilibrium conditions - large economy

The following equations describe the equilibrium in the large economy. The single exogenous

force driving it are shocks to the composition of consolidated government debt e

case letters for variables defined in the main text indicate their real counterparts.

*. Lower

Super-

scripts u and r indicate unrestricted and restricted households, respectively. The former can

trade both long-term bonds (subject to transaction costs) and short-term bonds, while asset
holdings by the latter is restricted to long-term bonds. See Chen et al. (2012) for details and

more discussion of this type of (internal) asset market segmentation.

A.3.1 Households

Marginal utility
= ()

A= ()
A= WA+ (1 — WA

Bond prices
1

P,=—
7t * _ *
RLJ K

Households’ budget constraints

*

1+ PLbT A+t = PL— - -1 Twing” +dp
¢

*

u pu* P pur = Rt lbu* P¥ R
+0 + L bpy Tt = 10—
u 7Tt

Consumption-leisure choice

()% = N
()7 = A
Optimal bond holdings
A {)‘t—l—lPL t+1R7rLt+1}

t+1
* * R*
)\u _/BuEt{H-l t}
Tt

* * * * RL ,t+1
NI+ )Py = B Ey { L, t+1}
T

Transaction costs

1+ _ P b7 ¢
T+¢ — \ Py
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(A.57)

(A.58)
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A.3.2 Firms

Real price index

Optimal reset prices

~% *Q?
b = p szk
1#**
w* a* —p
¢ t‘exp{stz*}’yt + 6 t<7;+1> t+1
* 1—p*
T = Ny, +5*9*Et( - ) t+1
Ti41

Dividends

di = ypy — wy [wpng” + (1 = wp)ng”]

A.3.3 Government

Monetary policy rule

E_ R, T ﬂi Yr £ vl
R* - R* T y*
Government budget constraint
*

R
b{* + Pp by, +tf = 77: Lo+ Pr
t

*
RL,t
*
Ty

b%ft—l +9"

Total government debt
by + Pp b, = b9+ PR

Composition of government debt

*  1.0%
PL,tbL,t

Lx
- = exp{e;"}
* 1.9
PLbL

A.3.4 Aggregation and market clearing

Goods market clearing

yi =wre + (1 —wp)e™ +g;
Aggregate production function

Aryr = weng” + (1 —w)ng™ — ¢y

Price dispersion
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*

* * * ™
Ay =0"Ap <7r

*

t

Bond market clearing
(1 —wy)by™ = b

*\ L, UX BN S N
(1 - wr)bL,t + wrbL,t - bL,t

A.4 Large economy - calibration

=nt o\ TE
> + (167 ()

(A.76)

(A.77)

(A.78)

The following table presents the calibrated parameter values in the large economy block.

Table A.4: Calibrated parameters - large economy block

Parameter Value
Share of restricted households; w 0.1
Inv. elasticity of intertemporal substitution; o* 2
Inv. Frisch elasticity of labor supply; ¢* 2
Discount factor, restricted households; g™ 0.992
Discount factor, unrestricted households; 5** 0.995
Coupon; x* 0.929
Transaction cost; &* 0.015
Calvo probability; 67, 0.8
Price markup; p* 1.15
Steady-state inflation; 7* 1.005
Interest rate smoothing; v, 0.9
Interest rate response to inflation; 2
Interest rate response to output gap; v, 0.125
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