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PREFACE

ince 2005 CEMLA’s Central Banks have conduc-

ted joint research activities to bolster economic

research on topics of mutual interest. Annual or
multiannual joint research activities have been deve-
loped in the following topics: i) Estimation and use of
nonobservable variables in the region; i) The deve-
lopment of dynamic stochastic general equilibrium
models; #7) The transmission mechanism of monetary
policy; iv) Economic policy responses to the financial
crisis; v)Inflationary dynamics, persistence and price
and wage formation; vi) Capital flows and its macro-
economic impact; vii) Asset pricing, global economic
conditionsand financial stability; viii) Monetary policy
and financial stability in small open economies; ix)
Monetary policy and financial stability; x) Monetary
policy and financial conditions; and xi) Households’
financial decisions.

These topics cover most of central banks’ main tasks
and the developments and changes introduced since
2005.Inthisrespect, the response of central banksin
advanced economies to the global financial crisis, ba-
sicallylowinterest ratesand unconventional policies,
marked aradical change in the traditional approach
to monetary policy. Among other things, concerning
for example objectivesandinstruments, theideathata
centralbank canabstract from the consequences that
itsdecisions could have on other economieswas clearly
calledinto question. Along these lines, the crisis gave
alsorisetoagrowinginteresttounderstand the inter-
national spillovers of monetary policy.

In this context, in the 2014 Meeting of CEMLA’s Re-
search Network, CEMLA’s Central Banks decided that
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starting in 2015 theywould conduct joint research on
international spillovers of monetary policy. The Asso-
ciate Directorate General International Affairs of Ban-
co de Espana, with technical assistance from CEMLA,
coordinated thisjointresearch. Researchersfromthe
Central Banks of Brazil, Chile, Colombia, CostaRica,
Dominican Republic, England, Europe (European
Central Bank), Guatemala, Jamaica, Mexico, Peru,
Spain and Uruguay participated in the activities of
this joint research. Research work was supported by
webinars of academic specialists, virtual meetings
where research progress was presented, a workshop
at CEMLA, presentations and discussions at the 2015
CEMLAResearch Network Meeting hosted by the Ban-
co Centralde Republica Dominicanaandaninternal
blind review process. The documents that integra-
te this book represent a memoir of the work done by
this group of researchers and it gives a comprehensi-
ve analysis of the spillover effects of US monetary po-
licyin Latin America and the Caribbean. This book,
inline with CEMLA’s objectives, promotes a better un-
derstanding of monetary and banking matters in La-
tin Americaand the Caribbean.

Fernando Tenjo Galarza

General Director
CEMLA
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Introduction

Angel Estrada Garcia
Alberto Ortiz Bolaiios

he current tasks of central banks officials have

become much more complex than they used to

bebefore the Great Recession. Not onlynew pos-
sibilities have been added to the toolkit of the policy-
maker (quantitative easing, forward guidance, among
others), but also the international dimension seems
tobe more relevant now. On the one hand, before the
Great Recession, monetary policy was implemented
exclusively through changes in official interest rates
inordertomeetsome established domestic objectives
in the long run: price stability and, for some central
banks, maximum employment. Interest rates affect
businessand household decisions through changesin
liquidity and the assets portfolio; thus, the challenge
for the monetary authorities was to determine the
magnitude of the tightening or relaxation of mone-
tary conditions, minimizing the uncertaintyfor other
domestic agents on the path that these financial con-
ditions will follow.

Onthe other hand, in normal times, central banks
in each countrymake their monetary policy decisions
solely in response to their domestic conditions and,
according to some scholars, this was the best way to
stabilize global demand. Traditionally, it was consi-
dered that trade was the main transmission channel
of a central bank’s decisions to the rest of the world.



Thus, asamonetarytightening (relaxation) in a particular country
reduces (increases) its GDP, it also diminishes (increases) the exter-
nal demand from the rest of the world. Obviously, the other coun-
tries would be more or less affected depending on the intensity of
their trade linkages.

However, itis possible that the growing globalization of financial
markets has increase the relevance of the financial channel. This
process offinancial globalization has verywell-known gains,among
them a more efficient allocation of financial resources around the
world and an improved risk-sharing. Nevertheless, it has also gene-
rated closer and faster interlinkages among economies. This pro-
bably implies that the effects of policy actions in one country to the
rest of the world are stronger today than they used to be. In fact, af-
terthe Great Recessionsome central banks have expressed concerns
about their ability to influence domestic interest rates as a result of
the so-called global financial cycle even in the presence of flexible
exchange rate regimes.

The financial channel operates mainly through changes in capi-
talflowsand the prices of the different financialassets, transmitting
theliquidity conditions globally. Gross cross-border capital flows sur-
ged byamultiple of fourin the two decadesup to the global financial
crisisin 2008. In fact, by that time capital flows to advanced econo-
mies reached a value equivalent to 25% of their aggregate GDP and
those to emerging economies over 10% of their aggregate GDP (7%
for Latin America). Capital flows showed significant shifts in com-
position over time, gaining relevance those among banks, in line
with the growing importance of global banks. A tightening (relaxa-
tion) of the monetary policyin a given country willinduce a capital
outflow (inflow) in the rest of the world, which will have an impact
in the price of the external financial assets.

Besides, the exchangeratealsoreactswhen the stance of monetary
policychangesinacontext offree capitalmovements. In particular, it
isexpected thatatightened (relaxed) of monetary policy appreciates
(depreciates) the currency of that countryasaresult of the increase
intheyields of the assetsdenominated in that currency. Thiswould
mean gains in the rest of the world competitiveness, counteracting
to some extent the impact of the trade channel. Besides, long-term
interest rates in other countries can also be affected by changes in
those of the country that is taking monetary policy decisions.
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However, there is great uncertaintyabout the magnitude of these
impactsand their dynamics. Specifically, interest rates of the public
debt often show a high correlation between countries, but in addi-
tion to moving in response to monetary policy actions and /or ex-
pectationsin other countries, theyalsodosoinresponse to changes
inothermacrovariablessuchasthe expected behavior of growth or
inflation at the global level. In the same way, and given the degree
of financial integration between countries, long-term interest ra-
tes in other economies will react to an increase in rates in another
country depending on investors’ perception of risk. It is therefore
crucial to determine whether the transmission between countries
of monetary policy shocks is different depending on the situation
in those countries.

United Statesisthe world’slargest economy by the size of its GDP;
moreover, itisthe centerpiece of the international financial system
and the dollar is the main global reserve currency. Therefore, it is
not surprising that most of the empirical analysis on the effects of
the international transmission of monetary policy has focused on
the decisions of the Federal Reserve (Fed). Notice that these factors
are even more relevant for Latin America, as the US is its main tra-
ding partner and foreign investor. Now that the Federal Reserve
has initiated the process of monetary policy normalization, it is of
paramount importance to determine how thisis going to affect the
different economies.

The empirical evidence before the Great Recession, when the
main monetary instrument was the official interest rate, indicates
that US monetary disturbances have a significant effect in the rest
of the world but with differencesin the spillovers among countries,
beinghigherin Latin Americaor Asiathanin Europe. These results
suggest that the exchange rate channel is more important than the
commercial one, and that the structure of financial marketsin each
countrydetermines the magnitude and dynamics effects of the shock.

However, these are average results. Focusing on past episodes of
monetary tightening by the Federal Reserve, singularities can be
seenin the spillovers to the rest of the world, suggesting the need to
controlfor the circumstancesinwhich theyoccur. In particular, the
1994-1996 episode produced the biggest contagion. The impact on
financial markets was unexpected and of great magnitude, with an
increaseinbondyieldsin mostadvanced economies. Emerging mar-
kets saw a sharp increase in risk perception, a depreciation of their
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currenciesand falling prices of otherassets. By contrast, during the
2004-2006 period of monetarytightening, uncertaintywasreduced,
long-terminterestratesdiminished and even the dollar depreciated.

Since late 2008, the central banks of the major advanced econo-
mies have embarked on the implementation of unconventional mo-
netary policy measures once the official interest rates reached the
limit of 0%. These measures can be classified into two groups. First,
financial assets purchase programs, whichintend toreduce theyields
of public or private instruments in the medium and long term. The
key transmission channel in this case is the recomposition of port-
folios ofinvestors, which replace instruments of different degree of
liquidity, risk and term. Obviously, this channel also acts globally,
especiallyinthe case of the US, astheir Treasury bonds play a pivotal
roleintheinternationalfinancialmarketsand dollar-denominated
assetsare part of the portfolio of most investors. Anotheridentified
channel, the confidence, could also operate internationally.

The second category of unconventional monetary policy mea-
sures is the forward guidance, which aims to signal the tone of mo-
netary policyin the future. The goalis to reduce uncertainty about
the path of official interest rates in the future and, thus, reduce the
term premium. As US plays a central role in the international finan-
cialsystem, this could alsoreduce the term-spread around the world.

Obviously, the empirical evidenceisscarcerin this case, asthe ex-
perience is still reduced. However, it tends to show that the actions
adopted bythe Federal Reserve reduced long-termrates of emerging
and developed economies, increasing demand for assets with hig-
herreturns. Also, a positive effectis observed in the flows of capital
tothese economies, jointlywith currencyappreciations. Obviously,
thishasalsomadetoresurge theinterestin the tools to manage capi-
tal flows. The empirical analysis put much emphasis on the need to
differentiate the effects of the various programs of unconventional
monetary expansioninthe US (and the announcement of the end of
the purchasesin 2013), to identify the channels through which the-
se policies actand to determine the characteristics of the countries
that make spillovers more or less intense.

The process of normalization of monetary policyin the USstarted
someyearsago, in 2013, when Fed’s officials begin talking about the
possibility of tapering the securities the central bank was buying in
the financial markets. This only possibilitygenerated important tur-
bulencesinthe capitalflows, witha clearreductionin those directed
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toemerging economies but differentiating depending on domestic
conditions,and importantincreasesinlongruninterestrates. After
numerous clarifying interventions by the Fed, turbulences receded
and, finally, by the end of 2014 the third financial assets purchase
program was closed. It was necessary to wait for more than oneyear,
untilDecember 2015, toseethe firstincreasein official interest rates
inthe US. The second increase took place oneyearlater, in December
2016. The unusual slowness in the current process of monetary po-
licy tightening relates to various factors. For example, inflation was
below the target and, in fact, inflation expectations seem anchored
according to surveys, but not so, by that time, according to financial
markets. Besides, there were some doubts on the current stance of
the labor market, even taking into account the reduced unemploy-
mentrate. Not less, there was some evidence on the reduction of the
equilibrium real interest rate.

The situation changed very quickly when the presidential candi-
date Donald Trump won the elections by November 2016. Financial
markets, probablyincorporatingin their prospectsthe expansionary
fiscal program presented by this candidate during the campaign,
reflected an increase in long run interest rates, which transmitted
worldwide. In the case of emerging economies, not only interest ra-
tesincreased, but also spreads, have been showing a contraction in
capital flows similar to those observed during the tapering talk pe-
riod. Although in the last few months, the situation has calm down
substantially, with flows coming back and spreads diminishing, the
analysisseems to have greaterimportance now. The Fed announced
theywill continue with the process of normalization of monetary po-
licy at a faster path than before and, for the first time after the Great
Recession, thisviewis also shared by the financial markets. However,
provided the uncertainty that still surrounds the fiscal plans of the
new US administration, the risks are on the side of higher monetary
policy tightness.

Thisbooktriestoadd evidence ontheinternational transmission
mechanism of monetary policy, focusing on emerging countriesand,
particularly, in Latin America. The bookis eclecticin the sense that
it uses various methodologies, analyzes the effects on different va-
riables (real, financial, prices) and for a number of countries. But it
has the same common thread, the effects in the rest of the world of
the various nonconventional monetary programs implemented by
the Federal Reserve of the United States.
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The book group the nine papers finally published here in three
sections. The firstonetriesto disentangle the main theoretical chan-
nels of the international spillovers of monetary policy. It includes
three papers that make use of advanced dynamic stochastic gene-
ral equilibrium models (DSGE) to analyze these channels in three
economies, Mexico, Chile and Costa Rica, whose main difference
isthe degree of integration, in financial and also trade terms, with
the US economy.

The first one, The Transmission of US Monetary Policy Normalization
to Emerging Markets, was written by Kélver Herndandez while he was
working for CEMLA. This paper uses a two-country DSGE monetary
model, with several real and financial channels needed to capture
the international transmission of shocks, to analyze the potential
macroeconomic effects for the Mexican economyin response to an
increase in the US monetary policyrate. Based on the real model of
Hernandezand Leblebicioglu (2016),' extended with monetaryfac-
tors and estimated with quarterly data for Mexico and the US from
2001Q1 to 2015Q2, Herndndez describes the transmission mecha-
nisms and performs an out-of-sample forecast for scenarios where
the USinterest rates rises. Hernandez’s model describes that an ex-
pansionary US preference shock, which through demand increases
US GDP, puts pressure on USinflation and leads the Federal Reserve
toincrease interestrates. This demand-side preference shockwould,
through the higher US demand for Mexican goods and the peso de-
preciation, increase Mexican GDP, inflation, and lead to anincrease
in the Mexican interest rates. Meanwhile, a positive US technology
shockincreases US GDP and lowers US inflation and US real interest
rates, which bylowering Mexican financial costs, increases Mexico’s
GDP, reduces Mexico’s inflation and appreciates the peso. Further-
more, a pure contractionary US monetary policy shock lowers US
inflation, causes peso depreciation and generatesinflationary pres-
suresin Mexico leading toa contractionaryincrease in Mexicanin-
terestrates. Theforecasting exercise predictsthatanincreasein US
interest rates is likely to take place under arecovery of US economic
growth, which will imply a positive externality through US demand
for Mexican goods, but that would require an aggressive response of

' Hernandez, K., and A. Leblebicioglu (2016), The Transmission of US
Shocks to Emerging Markets, mimeo., CEMLA.
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Mexico’s policy interest rate to contain the depreciation of the real
exchange rate and stabilize inflation.

The second paper goes further as it tries to analyze empirically
therelevance of the spillovers. In particular, in Reassessing the Effects
of Foreign Monetary Policy on Output: New Evidence from Structural and
Agnostic Identification Procedures, Jorge Fornero, Roque Montero and
Andrés Yany, from the Banco Central de Chile, compare theimpulse
response functions ofarecursive VAR model, anagnostic VAR model
and a DSGE model to analyze the propagation of aforeign monetary
policyshock overthe Chilean economy. Based on the Banco Central
de Chile core DSGE model, this chapter shows thatatightening of fo-
reign monetary conditions causes capital outflows from the domes-
tic economy, an increase in its country risk premium and nominal
and real exchange rate depreciations. Within the DSGE model, the
presence of inflationary pressures associated to the exchange rate
movements prompts the domestic central bank to raise interest ra-
tes, which contracts investment and consumption. They find that
the recursive VAR model does not properly identify the shock and
that it gives counterfactual responses of inflation and investment.
Meanwhile, the agnostic VAR model doesidentify the shockand have
impulse response functions in line with macroeconomic theory. A
pointtonoteisthatdespite asharp depreciation of the domestic cu-
rrency, the agnostic VAR model shows no impact over domestic pri-
cesduetothestrongdrop in economic activity, while the estimated
DSGE model has an increase in prices as the depreciation prompts
an expansion of output. Therefore, monetary policy prescriptions
based ontheagnostic VARwould call forleaving the interest rate un-
changed, while the inflationary pressures captured in the DSGE mo-
delrequires the central bank to raise interest rates.

In The Effect of International Monetary Policy Expansions on Costa
Rica, José Pablo Barquero, from Banco Central de Costa Rica, and
Pedro Isaac Chavez Lépez, at the time working for CEMLA, study if
the international monetary policy has a major effect on the Costa
Rican economy. The analysis is performed estimating a structural
Bayesian Vectorautoregression (SBVAR) and adynamicstochastic ge-
neral equilibrium (DSGE) small open economy model with Bayesian
Maximum Likelihood methods using data from 2000 to 2014. The
SBVAR estimation provides evidence that shocks to USinterestrates,
USinflation and US outputin conjunction accounts for the following
share of fluctuations: 43.2%, of nominal exchange rates, 52.2% of
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CostaRicaninterestrates, 35.1% of CostaRicaninflationand 51.4%
of Costa Rican output. The DSGE model describes the mechanisms
throughwhichthelocaland foreign disturbancesaffect CostaRica.

The common element of the second section of the book is that
the spillovers of USmonetary policy to various countries are studied
and compared, analyzingifthere are countryspecific characteristics
which explain the differences observed. Each of the three papers fo-
cusindifferent aspects of the economy: financial market variables,
capital flows and macroeconomic aggregates.

Thus, Fructuoso Borrallo, Ignacio Hernando and Javier Vallés,
from the Banco de Espafa, perform an event analysis study in The
Effects of US Unconventional Monetary Policies in Latin America with fi-
nancial market variables. Using daily data from October 1, 2008 to
April 24,2015, this chapter documents that quantitative easing (QE)
announcementsin 2008,/2009 and the taperingtalkin 2013 affected
sovereignyields, the exchange rate and the stock market pricesina
set of emerging market countries. The event study analysis is com-
plemented with a monthly panel data setup to study the effect of
country-specific fundamentals on the transmission channel of US
financial disturbances. Inflation, CDSspread, official reserves ratio
and market capitalization are determinants of emerging market
economies’ vulnerabilities to US monetary policy announcements.

Adifferent focus (capital flows) and methodology (panel data) is
considered in the second paper of this section. In Have QE Programs
Affected Capital Flows to Emerging Markets?: A Regional Analysis, Clau-
diaRamirezand Miriam Gonzalez, from Banco de México, useapa-
nel of 15 emerging market economies to analyze the determinants
of gross capital flows in the 2005Q1-2015Q1 period. Their analysis
incorporates real monetary policy rate and economic growth di-
fferentials of each of the 15 emerging market economies relative to
the USlevelsas pull factors attracting capitalinflows. Inaddition, to
measure the impact of US QE programs on capital flows, the authors
use treasuries purchases and 10-year interest rates, which together
withthe VIXindex, introduced asa proxy for globalrisk aversion, are
the push factors expelling capital out from advanced economies. A
dummyvariable identifying the period of QE stimulus from 2008Q4
to2015Ql isintroduced aloneandinteracted with the 10-yearinterest
rate. Overall, the results show that external factorsare animportant
driver of total and portfolio capital flows, but the results are not sig-
nificant for foreign directinvestment. Based on their analysis, since

8 A. Estrada Garcia, A. Ortiz Bolanos



the first QE program wasimplemented, capital flowsasa percentage
of GDP have increased 19.5% and portfolio investment 11.8%. A 1%
increase in the treasuries purchases increase capital flows by 8.8%
and portfolioinvestmentby2.7%. A 1% decrease in the US 10-year in-
terestrateleads, onaverage, toa2.2% increase in gross capital flows
and 0.7% increase in portfolio flows. An increase in risk aversion is
associated with capital outflows from emerging market economies.
Of the pull factors, per 1% GDP growth that the emerging market
economy exceeds USgrowth rate, capital flowsasa percentage of GDP
increase on average 0.7%), while the real monetary policy rate even
though positive, it is not significant.

The third paperin this section compares the response of macro-
economic variables in the countries of Central America using cou-
ntry specific VAR models. In particular, in The Effects of US Monetary
Policy on Central America and the Dominican Republic, Ariadne M. Che-
co, Salomé Pradel and Francisco A. Ramirez, from the Banco Cen-
tral de la Republica Dominicana, use a factor augmented vector
autoregressive (FAVAR) model with sign restrictions to estimate the
impact of USmonetary policyshocks onthe eponymous economies.
Theresults provide evidence thatan unexpected increase in the US
shadow federal funds rate causes contractions in output, exports
and imports for each of the analyzed economies, whileinterest rates
and therisk premium increase, with limited effects oninflation. For
these economies, nominal and real exchange rate adjustments are
notsignificantly different from zero, reflecting what the authorsin-
terpretto bealimited role of the exchange rate asashock absorber.
Finally, this increase in monetary policy shocks leads to a contrac-
tion in USindustrial production which produces anegative outflow
of remittances to Central America and the Dominican Republic.

Finally, the third sectionisreserved forindividual country’s analy-
sis of Brazil, Jamaica and Uruguay. Again, the three papers consi-
dered here are relatively heterogeneous in terms of the variables
analyzed and the methodology used.

In the first place, Jodo Barata R.B. Barroso from the Banco Cen-
tral do Brasil, author of Quantitative Easing and Portfolio Rebalancing
Towards Foreign Assets, provides evidence that QE programs caused US
investors’ portfolio rebalancing towards foreign assetsin emerging
market economies. Taking advantage of acomprehensive dataset of
monthly Brazilian capital flows from January 2003 to March 2014,
this chapter disentangles the QE programs effects by comparing the
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differentiated portfolio’s compositions of US investors, more affec-
ted by the QE programs, relative to that of investors from the rest of
the world. Estimates show that additional flows due to QE programs
range from 54 billion USD to 58 billion USD, which represent 54%
of usflowsand 10% of total flows to Brazil accumulated over the pe-
riod. The effect on portfolio flow ranges from 41 billion USD to 48
billion USD and on portfolio debt flow ranges from 28 billion USD to
31 billion USD. The data also allows the author to directly measure
the impact on the banking sector where the effect on portfolio flow
ranges from 10 billion USD to 12 billion USD and on portfolio debt
flow ranges from 6 billion USD to 7 billion USD.

Turning again to the effects of US monetary policy spillovers on
macroeconomicvariables using VAR methodologies, André Murray,
from the Bank of Jamaica, has contributed to the joint research with
the paper Investigating Monetary Policy Spillovers from the United States of
America to Jamaica. He uses astructural vector autoregressive (SVAR)
modelto quantify theresponses of Jamaican interestrates, inflation,
GDP and the bilateral exchange rate versus USin response to US mo-
netary policyshocksand Jamaican monetary policyshocks, domestic
inflation shocksand exchange rate depreciation shocks. This chapter
uses the method developed by Lombardiand Zhu (2014)*to derive a
shadow policyinterest rate for Jamaica and contrasts the dynamics
of the SVAR when using actual and shadow interest rates reaching
the conclusion that the use of the shadow interest rates generates
impulse response functions that are more consistent with intuition.
The results show that an unexpected increase in US shadow federal
funds rate causes an initial increase in the Jamaican interest rates
and a Jamaican dollar weakening, while GDP and inflation exhibit
moderate contractionary responses. In response toan unexpected
increase in Jamaican shadow interest rate, inflation decreases, the-
re is amoderate expansion and a Jamaican dollar depreciation. In
response to a Jamaican inflationaryshock, the shadow interest rate
increases, the Jamaican dollar depreciatesand GDP contracts. Fina-
1ly, in response to a currency depreciation shock, the interest rate
increases, inflation surges and GDP expands.

In Impact of International Monetary Policy in Uruguay: A FAVAR Ap-
proach, Elizabeth Bucacos, from Banco Central del Uruguay, uses

? Lombardi, Marco, and Feng Zhu (2014), A Shadow Policy Rate to Calibrate
US Monetary Policy at the Zero Lower Bound, BIS Working Papers, No 452.
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Factor Augmented Vector Autoregressive (FAVAR) models and data
from 1996Q2 to 2014Q4 to analyze the effects of changes in US mo-
netary policy on the Uruguayan economy. The study carries out a
two-stage analysis: in the first stage the impact of USmonetary policy
on commodity prices, US output and regional output is measured;
inthesecond stage the effects onreal exchangerate, Uruguayan as-
sets and Uruguayan output are analyzed. An unexpected increase
in USmonetary policy rates increases Uruguayan interest rates and
country-risk premium, while it reduces external demand, commo-
dity pricesand Uruguayan asset prices and output. Historical shock
decomposition of the Uruguayan output growth shocks show that US
monetary policy shocks have had a fairly large importance on Uru-
guayan expansions and recessions.
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The Transmission Mechanism
of International Spillovers
of Monetary Policy






The Transmission of US Monetary

Policy Normalization
to Emerging Markets

Kolver Herndndez

Abstract

In this chapter, I analyze the potential macroeconomic effects of the normal-
ization of US monetary policy for emerging market economies (EMEs), in
particular for Mexico. I build on the work of Hernandez and Leblebicioglu
(2016) by adding monetary elements to their two-country DSGE model that
endogenizes multiple transmission channels for the transmission of interna-
tional shocks. Among those channels are the exchange rate, international
bank lending, international trade and monetary policy rates. Based on a
Bayesian estimation of the deep parameters of the model, I simulate scenari-
os thatyield an equilibrium in which US monetary policy rate would increase
in the last two quarters of 2015. Theunderlying conditions that promote the
normalization of monetary policy in USA imply favorable growth of around
2.4% in GDP and an averageincrease of 25 basis pointsin US policy rate. For
Mexico, those conditions carry positive international spillovers that result in
an average GDP growth of 2.8 %. The increase in US rate calls for a response
in Mexico’s policy rate in more than one to one, i.e., it calls for an aggressive
response. Mexico’s policy rate hike contains the depreciation of the exchange
rate and stabilizes inflation.

Keywords: emerging market business cycles; transmission of foreign shocks;
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1.INTRODUCTION

hrough the lenses of a two-country dynamic stochastic gen-

eral equilibrium (DSGE) model, this chapteranalyzes multiple

underlying conditions that yield an equilibrium in which
USA normalizes its monetary policy by increasing the Federal Re-
serve funds rate. The question that I address is: What those condi-
tions imply for emerging markets and in particular for Mexico? I
build on thereal business cycle model developed by Hernandez and
Leblebicioglu (2016) to add monetaryfeatures. The model features
several channels for the international transmission of shocks, among
them: the exchangerate channel, international banklending, capital
flows, USA and EME policy rates, and international trade. As shown
firstin Hernandezand Leblebicioglu (2016), those channelsare cru-
cialtocapturing theinternational transmission of shocks. Insharp
contrast, Justinianoand Preston (2010) show thatan estimated stan-
dard small open economy model fails to capture the international
transmission of shocks from USA to a small open economy—-Canada
in that case.

Inordertodiscipline the multiple channelsmodeled Iuse 20 time
series from 2001Q1 to 2015Q2 for USA and Mexico to estimate the
model. The model in-sample predictions are in line with the data.
In particular, the model addresses very successfully the Justiniano
and Preston (2010) criticism of estimated DSGE models in that this
model predicts cross-country correlations consistent with the data.

With the purpose of produce policy normalization scenarios, I use
the estimated model to simulate millions of paths for the full econ-
omy for the last two quarters of 2015 -which are out of sample. Then
fromthe simulated pathsIonly consider thoseinwhich USAinterest
rateincreasesinoneorboth quarters. In the average policynormal-
ization scenario, the model predicts conditions in USAthatlead to a
policyrate increase of 25 basis pointsjointlywith an average growth
0f2.4% in 2015. For Mexico those conditions implya growth of 2.8%.
The increase in US rate calls for an increase in Mexico’s policy rate.
Mexico’s policy rate hike contains the ongoing depreciation of the
real exchange rate and stabilizes inflation.

Therest ofthe chapterisorganized asfollows: Section 2 presents
the two-countrymonetaryDSGE model, Section 3 shows the scenario
analysis and Section 4 concludes.
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2. THEMODEL

In this section, I show the main ingredients of the two-country DSGE
monetary model. The economy features domestic (EME) and foreign
(US) households, two sectors of final goods producers (tradable and
nontradable) in each economy. Following Christiano et al. (2014) it
alsofeaturesa capital owner, entrepreneurs and a financial interme-
diary, additionally it hasa fiscaland a monetary authorities.

2.1 Households

Both the domestic and foreign households supply labor to the trad-
able and non-tradable sectors and trade bonds with the rest of the
world. The preferences are of the GHH—Greenwood etal. (1988) type:

9 e
éC,l |:C1 - (pcz—l - EL}H’ :| -1

1] U:Eoiﬁf ,
=0

1-¢

where C, is consumption, L, is labor, &.,is a preference shock, ¢€(0,
1) is a habit parameter, # determines the Frisch elasticity, and $is a
preference parameter. The composite labor L, is a CES basket with
labor in the tradable sector L;;, and labor in the nontradable sector
Lyr, withthe elasticity of substitution y. The consumption basket, C,,
is defined by a CES aggregator for the tradable consumption basket
Cr,and the nontradable consumption basket Cyr,with the elasticity of
substitution 0. In turn, the CES tradable consumption basket isformed
by consumption of the foreign good Cp,, the domestic good Cy,and
a consumption good that comes from the rest of the world C,,,. The
elasticity of substitution across tradable goodsis v.
Householdstraderisk-free bondswith therest of the world B/. The
budget constraint is
E Ct +BtD +%(Btn _Eo) _wl tL +w;"1‘,zLNT,z Tt Rt : Qt _Tt’

ﬂ:t

# #
where w;, and wy,, are the wage rates, T, denotes lump-sum taxes,

Q,islump-sum paymentsto the households Bond holdingsare subject
toquadratic costs of adjustment — 5 (B;’ ) . Thehousehold chooses
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{ L,L., Ly, B }(: tomaximize Equation I subjecttothe budget
onstramt Equation 2, thelabor and consumption composites, and
ano-Ponzi-game condition.

2.2 Firms

There is a continuum of firms with mass one in each sector. They
can beindexed by z2€[0, 1]. Firms are monopolistic competitive and
set prices subject to a Calvo pricing scheme, i.e., firms can change
pricesonlywhen theyreceivearandom signal thatarrives with prob-
ability (1-C) in every period. In the periods when the producer does
not receive the random signal, it adjusts the nominal price accord-
ing to the indexation rule:

3 P, (2)=(n_) P, (2), je{T.,NT}

where P, (z) isthe nominal price of the variety zin sector j, t,denotes
aggregate inflation and 1 € [0, 1] is the indexation parameter. The
firm zfacesademand of the form

(P
a x@-[—P J v

gt
where %, follows an AR(1) process specified below, P;, is the aggre-
gate price index in sector j and Y, denotes total demand.

2.2.1 Technology

Firmsin the tradable sector have the technology

B YT,tzéAT,t(uth ) LIH‘:’

where u, is the capital utilization rate, a« € (0, 1), and £,7, denotes
the productivity shock. In the non-tradable sector firms face the
technology

n YNT,t = fAN,zLNT,z >

where &, , denotesthe productivity process. Iallow for the sectoral
technology shocks to be correlated
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COW(&AN,: > éAT,z ) >0.

Notethatthe correlationisacrosssectorswithin each countrybutthere
are not cross-country correlations among shocks.

Firmsfaceaworking capital constraintasin Neumeyerand Perri (2005)
and Uribeand Yue (2006). They need toborrowafractionk; of the payroll
costs with an intra-period loan.

2.2.2 Pricing

Given the technologywith constant returnstoscale, real profits (in terms
of the aggregate consumption basket) are given by

I/(2)= p;, (Y (2)~me Y/ (z) j{NT.T}

P, (2)

where mc, isthe marginal costand p; (z) = , where P,istheaggregate

t
price index. Firms receiving the Calvo signal to optimally change prices
choose p; (z) to maximize

S i A +i j
i=0

t

(z)

where isthe household’s stochastic discount factor, subject to the

ﬁiAt+i
A

demand, Fiquation 4, and the indexation rule, Equation 3.
The Appendix A shows that the pricing scheme yields the Phillips

curves:

1-Cc)(1-C
7, =PE 7, +ir,_, —C Pir, +()é—ﬁ){m6j,, —ﬁ& -C ﬂo-iml,t}

with j€ {NT, T}, where

Oindt = Oinag-1 T,

and

n,=(1-a)my,, +an,,.
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2.3 Capital Producer, Entrepreneurs, and the Financial
Intermediary

Following Christiano etal. (2014), the capitalist builds new raw capi-
tal with the technology

n K, :(1_5)Kt—1 +§I,tlt [1_%(%_1j ],

and sellsitto the entrepreneurs, where I, isinvestment, &, , isanin-
vestment shockand ¢, determinesthe convexadjustment cost of in-
vestment. The new capitalissold to the entrepreneurat the price Q /.

The entrepreneur receives a productivity shock o, with
In(w)~ N (1,0,), that transforms the raw capital in effective capi-
tal K. The effective capital is rented to the final good producer
and after it is used in production is sold back to the capitalist. The

wr' —a(u)+Q,(1-6)
Q.

a(u):=r" [exp(aa (u-— 1)) - l]o_i givesthe utilization adjustment cost

a

. . k
return on capital is ®R/, where R/ =

(Ga > 0), and § isthe depreciation rate.

The optimal contract maximizes the expected value of the entre-
preneur subject to azero profit condition for the intermediary. The
optimality conditions imply:

n Etrtfﬂ Et { t+1 Gt’+l}[]‘_rt+1]Rtk+l
Rt { t+1 :uGtH} t+1

m Rt+1 (LN 1)=Li\i1 {Ft _ﬂGt}Rtk

where o, isathresholdin the productivityshock that separates those
that can repaythe loanand those thatdefault, F(w,)= I dF (o) and

_IO wdF (o), T'(o,) [l F(o Ja) +G(w,) and I and G’ are
the corresponding derivatives w1th respect tow .

2.4 Fiscal and Monetary Policies

The government purchases goods only from the domestic traded
and nontraded sectors, which are combined in a composite good
similar to the consumer’s consumption basket. The government
spending follows the rule
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Y Yey
m Gov, :(Gov)(Y—’] Eir

t-1
where &, isan exogenousshockand vy, isareaction coefficient.
The monetary authority follows the Taylor rule:

r— P
Rt - erz—l TPt pth +6m[),t

where p, is the smoothing coefficient and
policy shock.

upe 18 1.1.d. monetary-

3. ESTIMATION AND MONETARY POLICY
SCENARIO DESIGN

Asageneralrule, I estimate all the parameters that govern shocks
and frictionsin the model. Iuse the Random Walk Metropolis-Hast-
ing (RWMH) algorithm, as described in An and Schorfheide (2007),
in particular, to solve the model I use the algorithm discussed in
Hernandez (2013) jointly with the solution method of Klein (2000).
Tuse quarterly data for Mexico and USAfrom 2001Q1 to 2015Q2. The
time series used are: JP Morgan EMBI+ Spread Mexico, spread be-
tween BAA and 10-year Treasury for USA, shadow federal funds rate
for USA, the 90-day CETES rate for Mexico, GDP-deflator inflation for
Mexico and the USA, GDP growth for Mexico and the USA, consump-
tion growth for Mexico and USA, investment growth for Mexico and
USA, bilateral imports growth for Mexico, bilateral exports growth
for Mexico, GDP-deflator-based bilateral real exchange rate depre-
ciation, government spending growth for Mexico and USA, non-bi-
lateral trade over GDP for Mexico and USA, and growth in per capita
work hours for USA.

3.1 The Transmission Mechanism of US Shocks

Figure 1 shows theimpulse responses of key Mexico’svariables to US
shocks. Thatis, it shows the transmission mechanisms of USAshocks
into the Mexican economy. First, an expansionary US preference
shock increases Mexico’s GDP, inflation, interest rates and depre-
ciates the peso. The preference shock in USA acts as a USA demand
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shock that increases GDP in USA, generates inflation in USAand as a
result the US monetary policy has to increase the policy rate. Given
the Usrate hike, the pesodepreciates, which togetherwith thelarger
Usdemand for Mexican goodsstimulates net exportsin Mexico and
thus GDP in Mexico gets stimulated. That is, the trade channel is of
keyimportance for the international transmission of these types of
shocks. In turn, the depreciation pass-through to domestic prices
and isinflationary for Mexico; with higher GDP, a more depreciated
peso and higherinflation, the monetary policy response in Mexico
istoincrease policy rates to restore the long-term equilibrium.

Second, aUstechnologyshockincreases US GDP, lowers USinflation
and dropsthereal USinterest rate—asinanystandard DSGEmodel. In
turn, the financial channel in Mexico takes more relevance for the
international transmission of these type of shocks, because lower
international rates make the UStechnologyshock toactasaMexico
technologyshock. Thatis, it lowers the marginal cost of production
in Mexicoas production financing costsare lower. In turn, lower mar-
ginal costs in Mexico lower inflation and stimulate GDP with higher
netexportsand, asaresult, the peso getsappreciated to help restore
the long-term equilibrium.

Finally, a monetary policy shock in USA is contractionary for USA
and lowers US inflation. An interest rate hike in USA depreciates the
peso, which is passed-through to domestic prices in Mexico and in-
flation hikes; as a result, the monetary policy increases the policy
rate. Thelower USdemand for Mexican goods—despite the depreci-
ated peso—drops domestic GDP.

Of course, these impulse responses are ceteris paribus exercises
aimed to understand the transmission mechanisms of the model.
The actual conditions under which one should expect a hike of US
interestrates must be the end result of realizations of various shocks
that determine a state of the US economy that calls for a less accom-
modative monetary policy. The next subsection addresses thatissue.

3.2 Scenario Analysis

Thescenarioanalysisis conducted as follows. First consider the mod-
el’s solution and the observables:

S, =TS, ,+R, model’s law of motion

D, =7ZS, observables
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Figure 1
MEXICO: IMPULSE RESPONSES TO US SHOCKS IN THE ESTIMATED MODEL
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Figure 1 (cont.)
MEXICO: IMPULSE RESPONSES TO US SHOCKS IN THE ESTIMATED MODEL
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where T, R, and Z are matrices formed by functions of the deep pa-
rameters of the model.

«  Use the Kalman filter to obtain an estimate of S, and D, for
t=1...n.

+  Draw/drawsof/andobtain §,, ,and D, ;. Repeat many times
to obtain many possible histories.

+  Formaloss functiontoweightalldraws of S, jand D, . The
weighted average is the forecast.

+  Thelossfunction canbeverysophisticated for central banks.

- Here, I only impose more weight to those draws consistent
with an increase of the US interest rate consistent with the
FOMC announcement.

Figure 2 shows the model predictions for the effects of the nor-
malization of USmonetary policy. The model predicts conditionsin
USAthatlead to a policy rate increase of 25 basis points and average
growth of 2.5% in 2015. For Mexico those conditions implyagrowth
0f2.4%. The increase in US rates calls for an aggressive response of
Mexico’s policy rate. Mexico’s policy rate hike will contain the on-
going depreciation of the real exchange rate and stabilize inflation.

Figure 2
FORECASTING WITH THE ESTIMATED MODEL
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4. CONCLUSIONS

This chapter presents a DSGE model for the Mexican economy that
contains important channels for the international transmission
of US shocks to Mexico. Among the transmission channels are: the
exchange rate channel, international bank lending, capital flows,
monetary policy rates and international bilateral trade. Based on
a Bayesian estimation of the deep parameters of the model, I simu-
late millions of scenarios under which the US monetary policy rate
wouldincreaseinthelasttwo (out of sample) quartersof 2015. Those
scenarios are built by drawing stochastic macroeconomic shocks
for the whole economy, thatis, USA, Mexico and other international
shocksare simultaneously considered. Out of those stochastic draws,
Ionly consider those thatyield an equilibrium in which the USmon-
etarypolicyrateincreasesasaresult. Inaverage, those equilibriaare
characterized by favorable GDP growth in both countries, a modest
increase in the Federal Reserve funds rate and a more than one-to-
oneresponse in Mexico’s policyrate. The general conclusionis that
those conditions that are needed for the normalization of US mon-
etary policy are good conditions for both, USAand Mexico.

APPENDIX: PHILLIPS CURVE

In this Appendix I show the details to obtain the Phillips curve of
the model. First I show how to write the optimal price chosen by a
firm in a recursive fashion then I combine that optimal price with
the aggregate price index to obtain the Phillips curve of the model.

A.1 Optimal Price Recursion

Consider a firm that can re-optimize its price in period ¢, the firm
chooses P; (z) to maximize—we only show the relevant part of prof-
its, thatis, the case when the firm has to keep the non-optimal price
P, (x)Vi=1,..., which happens with probability C in each future
period:

B, C B A, =B, Y C B [ P (Y (2) - MC, Y, (5)]
i=0 i=0
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Using the indexation rule (3) profits can be written as

-
EXS ind,, P (z)) "
EIZC Zﬂlz’l-n anlﬂl)]z(z){tP—Jt()\J ()]t-]H)

i=0 Jari

-MC/, {—mdm > Z(Z)] (Yt{rz)

Jot+i

The first order condition is

—Ajavi
E zc ﬁ f+1|: lndtﬂ) Bt (_A’j,t+i +1)(P/’,t(z))_ljw [PLJ (Yziz)

Jat+i
d A
-1 wnd,,; .
(0[] 2|0
Jut+i
Note that
Pj,t+i ZQP]HI Pj[+2 .. Pj,tﬂ' =p Hi ‘=p an
it $s=07N L ° it ﬂ/vtﬂ'
Pt Pt P lD]H] Pj,t+i—1 ! 0 !

where Iuse IT_;()):=1. Divide the expression above by P, and rewrite
itasanote that I multiply by -1 in the term —=1(AN,t+¢— 1) = (1-AN,t+ i)

—Aj i
B,YC B, | (ind,., ) (4,0, ~1)(Pu(2) " (;J (v,..)
i+

= p;ind i

’ly.m

:E’iciﬁi%ﬂ MC]HZ),]HL( (z)) Ajari™ {%] (Y/‘J+i)'
P i

7r]-,t+z

Linearizing the expression above and using the steady-state relation
A=1
me; =—-— we get
LA
J

Et{’l( 1)Y,{P,,(z)- MC j,t} + AY A,
+C BA(4, -1)Y, {+ind,,, + P, ()= MC,, ., } +C PAY,{A,, , |
)

j t+1
+C?B* (4, ~1)Y, {+ind, ., + P, (2) = MC, ., } +C *B*AY, {4, ., |

J

+...}:O.
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28

simplifying and solving for Py (2)

- i i 1
Pj,z(Z)ZO:C B I{Mcj,t—m%,z}

J

1
+CBy—ind, + MC, ., ———2;,,
H )v] _1 f
959 . 1
+C B < —ind,,, + MCN+2 —ﬁljm +
-
3,93 - 1
+C°p7—ind, s+ MC, 4 —ﬁljm +...
-
note
indr+l ﬁHl
anl+2 = ﬁ':Hl + ﬁHQ
indt+3 = ﬁHl + ﬁHQ + ﬁnf&
thus define
.., =0 +7

ind,t ind,t—1 t+1

with ¢,,,,=0. Thenrewrite the price as

P@>cip ={mc, -1 2,
#OG R

1
+C ﬁ]E‘t {_Gmd,t + MCj,t+l - ﬁﬂ’j,wl}

J

1
+C 2ﬁ2Et {_Gind,Hl + MCj,t+2 - mﬂ’j,tﬁ } +

J

4 1
+C jﬁAEl {_Gind,[+2 +MC]-,H3 _mlj‘lﬁ;}-}_.”
J
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or recursively:

. 1
})j,z (z)= (1 -C ﬁ){MC]’t_ﬁlj,z -C ﬁamdl }+C ﬁEL})j,H-l (2) -

]

A.2 Phillips Curve

Dropping the index zbecause all firms choose the same price, from the

price index:
1-2;,

(P,) " =c(zp,.) " +(1-c)(P,) ™.

jit i1

Inlog-linear and solving for P

) from the price index

" 1 C . 1
va”l :gpj#l _W{PN +ﬂz+1}:mﬂj¢+1 +Pj,z _E

”t+l

using thisin the optimal price

1

P;L =(1—C ﬁ){MCj,z _ﬁ)ﬁ,z -C ﬂo-ind,l}

7
1 c .
+C BE, {Eﬂj,tﬂ +P, _ﬁﬂm}
and using this backin the price index

- 1
Pj,t =C {Pj,t—l +7, } + (1 -C ){(1 -C ﬁ){MC]r _mz‘jgt -C ﬁo-ind,t}

J
1 C .
+C BE, {qﬂj,tﬂ P T }}
or subtracting P;,-; on both sides we obtain:
. . 1-C )(1-Cp 1
= ﬁEzn L -C ﬂEt”Hl +w{mcﬂ _mlj,z -C ﬂaind,t}
J

Jot+

C

where mc;, = MCI.J/P].J.
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Reassessing the Effects of Foreign
Monetary Policy on Output:

New Evidence from Structural
and Agnostic Identification
Procedures
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Andrés Yany

Abstract

Weinvestigate the propagation of a foreign monetary policy shock over a small
open economy, in particular over the Chilean economy. Our motivation is
based on the ongoing period of monetary normalization already started by the
Fed. We follow Canova (2007) and compare the impulse response functions
of structural VAR models and a DSGE model tailored for the Chilean econo-
my. We use the recursive VAR model of Sims (1980) and an extension of the
agnostic VAR model of Uhlig (2005) and Arias et al. (2014) for small open
economies following Koop and Korobilis (2010). The results suggest that the
recursive VAR model does not properly identify the shock, and its implications
are counterintuitive. On the contrary, beyond the quantitative differences,
we find that theresponses of the agnostic VAR model are qualitatively in line
with those of the DSGE model except for output. However, the transmission of
the shock to the local economy is limited but more persistent according to the
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DSGE model. Finally, we spot different policy implications arising from both
models. According to the agnostic VAR model, the central bank does not need
toraiseits policy rate becausethe drop in activity offsets any jump in inflation;
whereas in the DSGE model therise in prices is partially accommodated by an
increase in the policy rate. Thus, this comparison motivates an interesting
discussion for the policymaker.

Keywords: monetary policy shocks; small open economies; structural VAR;
VAR identification; sign restrictions, DSGE model.

JEL classification: E32; F41.

1.INTRODUCTION

n December 2008, the federal funds rate dropped to the zero

lower bound, and since then unconventional monetary policies

have dominated the scene.' It took almost six years for the Fed to
raiseits policyrate and the zero lower bound was finallyabandoned
by the end of 2015. The ongoing period of monetary normalization
combines two signals: ¢) concrete policy measures and ¢i) forward
guidance. Currently, several central banksare evaluating the likely
effectsthat USmonetarynormalization may have on their economies
in order to inform policy decisions and assess potential risks since
the propagation of that shock activates different channels (inter-
est rate spread, exchange rate depreciation, problems of excessive
debtburdenifdebtisdenominated in dollars, etc.) that affect their
economies in different dimensions. For example, private debt may
have increased significantly due to lower interest rates and thus an
increase in foreign rates can generate adomestic depreciation that
amplifiesthe burden of foreign debtin domestic currency. Moreover,
the current poor performance in many of these economies could
further amplify the impact of the shock on debtors and the overall
economy.?

' The Fed had strong reasons to intervene based on historical reasons;
fears of a liquidity crisis that could lead the economy to another great
depression.

? Consideranother example to motivate the discussion further. The pass-
through of exchange rate toinflation can trigger anincrease in domestic
interest rates to contain inflation. However, at the same time higher
foreign rates can be associated with more adverse external conditions.
They can have a negative impact on output, which in turn could help
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Thus, this paperinvestigates the propagation of aforeign mone-
tary policy shock over a small open economy, in particular over the
Chilean economy. We use a comprehensive methodological frame-
work that compares the impulse response functions (henceforth
IRFs) of three models: two structural VAR models and a DSGE model
tailored for the Chilean economy.? We follow this approach because
according to Canova (2007), structural VAR models can be used to
judgeandvalidate the responsesfrom DSGE models. Therefore, this
comparisonshedsnewlightand providesinsightsonthe propagation
of a foreign monetary policy shock over the Chilean economy, and
inaddition, itassesses the suitability of the micro-founded structure
behind the DSGEmodel (i.e., the theoretical model). To thisend, we
use therecursive VAR model of Sims (1980) in which identification of
structuralshocksisbased onaparticular order ofthevariablesin the
system, along with an extension of the agnostic VAR model of Uhlig
(2005) and Arias et al. (2014) for small open economies following
Koopand Korobilis (2010). In thisidentification scheme, structural
shocks are identified by imposing restrictions directly on the IRF.

Our findings can be summarized as follows. 1) Consistent with
several studies such as Bernanke et al. (2005), Mojon (2008) and
Castelnuovo (2016) ouranalysis of IRFslead us to conclude thatiden-
tification of foreign monetaryshocksisnotstraightforward in recur-
sive VAR models. Therefore, the recursive VAR model fails to provide
an informative benchmark to judge the plausibility of results from
structural micro-founded models. 2) On the contrary, the agnostic
VAR model provides IRFs with dynamics that are broadly consistent
with macroeconomic theory; hence, in our view results provide an
informative benchmark for micro-founded models. 3) Beyond the
quantitative differences, we find that the IRFs of the agnostic VAR
model are qualitatively in line with those of the DSGE model except
for output. The DSGE model shows an initial increase in activity,
which is explained by the improvement of the current account due
to the real and nominal exchange rate depreciation, whereas the

to mitigate the hike in inflation and the central bank’s response. Thus,
we draw an interesting policy implication from this analysis.
* Astandard dynamic stochastic general equilibrium (DSGE) model for
a small open economy with nominal and real rigidities that is closely
related to models developed by Christiano et al. (2005) and Smets and

Wouters (2003, 2007).
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agnostic VAR infers asignificant drop in output. 4) The transmission
of the shock to the domestic economy in the DSGE model is limited
but persistent. At least two reasons may explain this. First, by con-
struction, there are many micro-founded restrictions in the model
that increase the persistency of the shock (habit formation in con-
sumption, quadratic adjustment cost for investment, etc.). Second,
there is an excessive simplification in the definition of exogenous
processes for foreign variables (e.g. foreign interest rates follow an
AR(1) process). 5)Finally, we spot different policyimplicationsarising
from both models. Accordingto the agnostic VAR model, the central
bank doesnotneed toraiseits policy rate because the drop in activ-
ity offsets anyjump in inflation; whereas in the DSGE model the rise
inpricesis partiallyaccommodated byanincrease in the policyrate.
Thus, this comparison enrichesthe discussion for the policymaker.

Theresultsforthe recursive VAR model are not newand have been
documented manytimesbeforeintheliterature. Theidentification
of monetary policy shocks in this setting has always been a subject
of debate, and different specifications and models may lead to dif-
ferent responses. Bernanke et al. (2005) provided several reasons
tounderstand this result:

1) The policyshockis not properlyidentified in the VAR system;

2) Variables of the VAR do not represent the real state of the
economy;

3) The impulse response functions are biased because only a
subset of the state variables of the economy are used to iden-
tify the shocks.

Similarly, Weber et al. (2009) argue that structural breaks may
be crucial to understand the monetary transmission process. They
found two structural breaks in their sample using data for the euro
area. They report evidence in favor of an atypical interim period
1996-1999, but for the rest of the sample, the monetary transmission
process remains adequate.

The agnostic VAR model of Uhlig (2005) imposes sign restrictions
for a subset of the IRFs which in turn imply nonlinear constraints
in the structural parameters of the model. In this paper, the author
studies the impact of a monetary policy shock on output for the US
economybyimposingaset of signrestrictions on all of the variables
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but leaving the response of output unrestricted. Thus, he refers to
this method as an agnostic identification scheme.* Studies that fol-
low this methodology are Canova and Nicol6 (2002), Uhlig (2005),
Rubio-Ramirez, Waggoner and Zha (2010) and Arias et al. (2014).
These papers extended the VAR framework to also accommodate
zero restrictions.

More recently, unconventional monetary policies in the US and
the eurozone have encouraged the use of different frameworks to
evaluate the impacts of these shocks (including SVARs, Bayesian
VARS, DSGE, etc.),suchas Carreraetal. (2015), Baumeister and Bena-
ti (2013), Castelnuovo (2012), Christensen and Rudebusch (2012),
and Kapetanios et al. (2012), among others. Normally, the choice
ofrestrictions is proposed by the researcher after a careful analysis
based on economictheory. Forexample, ifthe interestrate differen-
tialsincrease, then exchangeratesare expected torise due to adjust-
ments one can anticipate from the uncovered power parityrelation.
This expected response might be questioned from several angles
(e.g. UIP does hold). However, our choice s justified with sound eco-
nomictheory. Otherrelated applications are presented in Baumeis-
terand Benati (2013), which analyzes the effects of unconventional
policieswithatimevaryingstructural VAR, while Castelnuovo (2012,
2016) use a micro-founded DSGE approach to assess the macroeco-
nomic impacts of an increase in interest rates. Finally, Carrera et
al. (2015) have studied the impact of quantitative easing policies on
small open economies (asubset of Latin American countries). That
piece of research is a very close application to our paper because it
usessimilaridentification methodology, but differsin the details of
the posterior distribution calculation.”

' The key result from this paper is that neutrality of monetary policy is
not inconsistent with the US data. More recently, Castelnuovo (2016)
addresses this point for the euro area and analyzes the neutrality of
monetary policy on inflation. He reports that the neutrality of VAR
models may be due to a deficient identification of the policy shock,
omitted variables or structural breaks.

® The main difference of Carrera et al. (2015) and our approach is that
they estimate the parameters of the blocks of the reduced-form VAR
model with block exogeneity independently, whereas our approach
remains closer to the original framework of Arias et al. (2014) since
we estimate the parameters jointly.
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Therest of the paperis organized as follows. The next section pres-
ents the VAR models. Section 3 briefly describes the structural DSGE
model economy. Section 4 reportsimpulse response functions for each
model. Finally, Section 5 concludes.

2.STRUCTURAL VAR MODELS
AND IDENTIFICATION SCHEMES

Structural VAR models were introduced in the seminal paper of Sims
(1980) as an alternative methodology to large-scale macroeconomic
models of dynamic equations systems. A complete review of this liter-
ature is far beyond the scope of this paper, but the interested reader
may refer to Kilian (2013) and Liitkepohl (2011) for a comprehensive
analysis of it.

According to Canova (2007) structural VAR models can be used to
judge and validate theoretical models, such as DSGE models, because
VAR models are able to characterize the joint dynamics of several eco-
nomicvariableswith onlyafewassumptions, whereas theoretical mod-
elsrely heavily on a micro-founded structure to identify the dynamics
between the variables of the system. Thus, the comparison of both
methodologies enables us toassess the suitability of the micro-founded
structure behind a theoretical model if and only if the structural VAR
modelis properlyidentified.

The structural VAR model for an SOE with block exogeneity (hence-
forth SVAR-SOE) is defined as:

A 0 p A 0
[l [[’ l'}[ 01 }: [:’;’ I'J{ i :|+C+|:8;d s/}.
y y AO?) AO4 z yl yl Al5 Al4

=1

The zero blocks in the system reflect the block exogeneity assump-
tion of the model in the spirit of Zha (1999). The nx 1 vector y, contains
the endogenousvariables for the domestic block (i.e., small open econ-
omy), whereas the n*x 1 vector y, containsthe endogenousvariables for
the foreign block. The A;matrices and the vector of constants ¢ are the
structural parameters, whereas p denotes the lag order of the model.
The inclusion of exogenous variables is straightforward, but they are
excluded to simplify the notation. Finally, the vectors ¢, and g, are
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Gaussian with a mean of zero and variance-covariance matrix I, ,+
(the n+n* dimensional identity matrix).
The model can be compactly written as:

B y4,=XxA-+¢.

where ¥/=[ 5" 5/ |, X! =¥/, ..¥, 1], A/ =] A]...A] ¢ |, and

the reduced-form is defined as:

E Y'=X/B+u,,

where B=A A;', u,' =¢/A;! and E[utu;] =X =(A,A4))". Thees-
timation of SVAR modelsrequires the identification of the structural
shocks. Several alternative methodologiesare available for the esti-
mation and identification of these types of models. In particular, the
mostwidely used methodologies can be grouped into three catego-
ries: recursive identification schemes, nonrecursive identification
schemes and sign restriction schemes; in this paper we explore two
of these identification schemes. The next two subsections explain
the details of each approach.

2.1. Recursive Identification Scheme

The recursive identification scheme (henceforth recursive scheme
orrecursive VAR) was introduced in the seminal work of Sims (1980)
and has become the conventional benchmark used in applied mac-
roeconomics to validate responses of micro-founded structural
models. The structural model is identified in four steps. First, the
variables of the system are ordered in aspecific way, the first variable
being the most exogenous and the last one the most endogenous of
the system. Second, the reduced-form model is estimated. Third,
the structural innovations are recovered using a Cholesky decom-
position over the variance-covariance matrix of the residuals of the
reduced-form model (i.e., £, = PP").Finally, the structural param-
eters are estimated using the map of the reduced-form parameters
to the structural parameters defined in the previous subsection:

B=AA; u/=EA] T, =PP'=(AA))".
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Note that the P matrix depends on the order of variables and
henceisnotunique, thus the econometrician needs to rely on some
theoreticalargumenttojustify hisidentification scheme. One of the
main drawbacks of thisapproachisthateconomictheorycannotbe
incorporated directlyinto the model. Moreover, evenin those cases
in which the theory is able to suggest a particular order of causality
among thevariables of the system, the model can still generate IRFs
that are counterintuitive oryield puzzling results.°

The block exogeneity assumption for the recursive VAR model for
SOEimpliesthatthereduced-form model cannot be estimated equa-
tion by equation using OLS. Instead, the estimation is performed by
quasi-maximum likelihood; see Hamilton (1994) for a comprehen-
sive discussion of this methodology.

2.2.Identification with Sign and Zero Restrictions

The sign restriction scheme follows a different approach to iden-
tify the structural shocks of the model. In this setting, the IRFs of
themodelarerestricted directlyaccordingto economic theory. For
instance, the contemporaneously dynamic response of inflation is
setto be less than zero to a positive monetary policy shock as well as
to the first periods following the shock. The methodologyimposes
linear and nonlinear constraints in the structural parameters of
the model. In addition, the methodology does notrequire the com-
plete identification of the full set of structural shocks of the model
as in the recursive scheme. However, in this case the identification
of the subset of structural shocks can be contaminated with other
structural shocksthatlook alike. Thus, the full identification of the
shocks should generate narrower confidence intervals for the IRFs
of the system. Alternatively, the researcher can increase the num-
berofrestrictionstotrytominimize the aforementioned problem.”

Thereareseveralwaysinwhichsignrestrictions canbeintroduced
in VAR models. Forinstance, Blanchard and Quah (1989) developed
an algorithm to restrict the long-run response of a set of variables

% Sims (1980) definesa puzzle asasituationin which the impulse response
functions from an identification scheme do not match conventional
wisdom from theoretical models.

Unfortunately, there is little guide to assess the potential gains from
this approach. However, further research may help to understand the
trade-off between these two approaches.
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after a structural shock. Other authors have restricted the joint dy-
namics of the variables afterastructural shock, asin Canovaand De
Nicol6 (2002). A different approach isused in Uhlig (2005) to study
theimpact of amonetary policy shock on output for the US economy
byimposingasetofsignrestrictionsinall of the variables butleaving
the dynamicresponse of outputunrestricted. The authorreferred to
thismethod asan agnostic identification scheme since noassumptions
were made with respect to the response of output. In this setting the
restrictions are imposed directly over the dynamics of each variable
of the system. More recently, extensions to these approaches can be
found in Mountford and Uhlig (2009), Rubio-Ramirez et al. (2010)
and Ariasetal. (2014) (henceforth ARW). In particular, ARWexpands
Uhlig’smethodologybyincorporating zerorestrictions; thus the dy-
namic responses of the variables after ashock can be set to zero, less
than zero or greater than zero. In addition, the methodology allows
the combination of these types of restrictions simultaneously in the
dynamicresponse of the variables, which in turn should improve the
identification of the structural shocks.®

In this paper we extend the methodology of Arias et al. (2014) for
SOE; for ease of exposition we borrow Uhlig’s definition and refer to
thismethod as agnostic scheme or agnostic VAR. The block exogeneity
assumption implies that the number ofindependent variablesis not
the same between the blocks of the model, and thus we follow Koop
and Korobilis (2010) to use amore general framework to estimate VAR
models. Theimplications of thisidentification scheme have notbeen
explored comprehensively in the literature for SOE. This approach
enablesustospecifyanalternative VAR modelinwhich the identifica-
tion of structuralshocksisbased onasetof restrictions thatare driven
by theory (or bystylized facts of the data) and notjust bya particular
order of the variables asin the recursive scheme. Thus, this method
could potentially provide aninteresting benchmark to evaluate and
validate the responses of theoretical models.

Inthissetting, theidentification of the structuralshocksrelieson
Bayesian methods, and the algorithm can be summarized as follows:

¥ More precisely, the inclusion of zero restrictions to Uhlig’s method
was developed in Mountford and Uhlig (2009) using a penalty function
approach. However, according to ARW the method imposes additional
sign restrictions in unrestricted variables, which generate narrower
confidence intervals for the responses of the variable. Thus, ARW shows
a new framework to combine the two types of restrictions.
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1) Draw (B ; Z) fromthe posterior ofthereduced-form parameters.

2) Generate (Ag; A, ) by using a mapping between the reduced-
form and the structural parameters.’

3) Draw an orthogonal matrix Q such that (AJQ, A:Q) satisfies
the zerorestrictions."

4) Keepthe drawifsign restrictions are satisfied.

5) Repeat 1 to 4 until the desired number of simulations is rea-
ched.

6) Compute the median and confidence bands for the full set of
IRFs that satisfy the restrictions.

Ifnorestrictionsareimposed over the blocks of the SVAR-SOE, then

each equation of the model hasthe same number of variables. In this
case, the draws from the posterior of the reduced-form parameters
can be obtained using the normal-Wishart prior (conjugate prior)
and the posterior of the parameters are given by:"

b2.y~N(BE®V) and 2|y~ W(S".37),
and:

S=S+S+BXXB+BV'B-B'(V"'+XX)B.

The normal-Wishart prior imposes a Kronecker structure on

9

10

11

40

The mapping between structural and reduced-form parameters can be
implemented by using a function %() such that h(X)’ h(X) =X, ie.
Cholesky decomposition: (AS;A;“) = (h(z)_l ;Bk(Z)_l ) .
Using the QR decomposition (X = QR) which holds for any n xn ran-
dom matrix in which each element is i.i.d. from a N (0, 1). In addition,
ARW describes an algorithm to obtain recursively each column of Q,
which improves the efficiency of the algorithm significantly when the
researcher is interested in identifying more than one structural shock.
Where 7= T+v; b:vec(é) and B is the OLS estimator of B;
= [L/’l + X'XIl and B= V[Z"Ij + X'XEII; the hyperparameters «,

14
V ., and S characterize the prior distributions of the parameters:

By~ N(BZ®V)and Ty~ W(S,2).
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the variance-covariance matrix of b which in turn implies that for
each element of b, say b; the cov (bl., b].) # 0 forall ;. Unfortunate-
ly, the block exogeneity assumption requires a block of zeros in the
reduced-form model which means that this set of parameters must
beindependent from therest of the parameters. Therefore, the nor-
mal-Wishart prioris notsuitable to estimate the SVAR-SOE model. In-
stead, we need tospecifyapriorthat breaksthe Kroneckerstructure
in the variance-covariance matrix of b.

Following Koop and Korobilis (2010), we use the independent
normal-Wishart prior that defines the posterior of the parameters
as follow:**

bZ,y~N(B,V) and =7|y,b~W(S",7)

and:
— T !
S=S+>(y-2b)(y-20).
=1
Thus, the main methodological contribution of this paper is to
combine the methods of Koop and Korobilis (2010) and Arias et al.

(2014) toidentifythe SVAR-SOE model. In thissetting, the modelneeds
to beredefined in the following way. First, rewrite 3 as:

o
ymt - thbm +€mt‘

Where tisthetimeindexand m indicatesthe variable (i.e., equa-
tion); y,, specifies the " observation of the m" variable and z,,is a
vector that containsthe explanatoryvariablesforthe m"” equation at
time ¢. Second, define b,, as the vector that contains the parameters
ofthe m"equationand M asthe totalnumber of equations. Note that
in this case the z,, vector can vary across equations or blocks of the
model. Third, stack the b; vectorsand z/, matricesas:

2 Where: v=T+v, E=V[Y71§+Z;Ztlzilyz:| ’

_ -1

and V = |:V’1 + ZT IZI'Z’IZ[:| ; the hyperparameters @, V, and S
¥ - 14

characterize the prior distributions of the parameters: b~ N (B,V)

and 37 ~W(S™ v)with p(b,Z")=p(b)p(Z™).
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!

!
Next, define ¥y, =(y1t, ...,yMt) . &, =(81t,..., 8Mt) and write the
model more compactly as:

y,=Zb+eg,.

The total number of parameters is given by k= z;\ilkj and

g ~ N(O,l) .Notethatbisa kx1 vectorand Z,isan M x k matrix. Fi-
nally, stack y,, € and Z, ascolumnvectorsand define £ ~ N (0, I® Z)
towrite the model as:

y=Zb+e.

Thenotationin equation 4 is consistent with the notation of Koop
and Korobilis (2010) for theindependent normal-Wishart prior. Note
that the posterior of 2 is not independent from the draw of » and
hence direct sampling from the posterior is not feasible. Instead,
asequential algorithm can be used in which sequential draws are
taken from the conditional posterior distributions of p (b|y , 2) and
p(z* |y, b) ,i.e.,a Gibbs sampling algorithm."”

3.ADSGEMODEL FOR CHILE

Inthissection, we briefly describe the DSGE model for Chile. We use
the model of Medina and Soto (2007a) to compute the impulse re-
sponse to a 1% foreign monetary policy shock. The model is a new

We use a burn-in period to achieve convergence to the posterior distri-
bution. In particular, we made 5,500 simulations and burned the first
500 simulations. We also tried with a different number of simulations
but the results did not change significantly. In addition, we discard the
draws for which the eigenvalues of the companion of the VAR model
were greater than one in absolute value.
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Keynesian small open economymodel, whichis closelyrelated to the
framework of Christiano etal. (2005) and Smets and Wouters (2003,
2007). However, it has additional and specific features to describe
the Chilean economy, such as a representative commodity-export-
ing firm, a structural fiscal policy rule, and a monetary policy rule
that responds to changes in headline CPI inflation (we refer to Me-
dinaand Soto, 2007a, foramore detailed description of the model).

This model has been extended in several directions to address
specificquestionsand hasalsobeenre-estimated totake advantage
ofrecentdata. Examplesare thelearning extension toreplicate the
current account dynamics of Chile as Fornero and Kirchner (2014)
and Fornero etal. (2015) conduct several policy experiments simu-
lating a copper price shock. Inthe currentversion, we abstractfrom
these additions."

Afulldescription of the modelis beyond the scope of this paper.
Therefore, in the remainder of the section, we briefly describe its
main features. The domestic economyis composed of a continuum of
households, afraction of which are non-Ricardian without accessto
the capital market. These non-Ricardian households consume their
entirewageincome. Theremaining Ricardian households makein-
tertemporal consumption-savings decisions in a forward-looking
manner, to maximize the present value of utility.

There are three types of sectors in the domestic economy. First,
there is a continuum of firms producing differentiated varieties of
intermediate tradable goods, with monopoly power and sticky pric-
esala Calvo (1983). These firms use labor, capital and oil as inputs
and sell their goods to competitive assemblers that produce final
domestic goods, whichare soldin the domestic and foreign market.
There is a representative capital goods producer that rents capital
goods to the intermediate goods producing firms. The optimal in-
vestment composition is determined through cost minimization,
where we assume costs of adjusting investment, following Christiano
etal. (2005). All firms are owned by Ricardian households. Second,
there is an imported goods sector with a continuum of retail firms
thatrepackage ahomogenous good from abroad into differentiated

" Robustness exercises were done using the model of Fornero and Kirch-

ner (2014) and Fornero et al. (2015) and we did not find any relevant
advantage of adding an endogenous commodity-exporting sector in

order to compute the IRFs to a foreign monetary policy shock.
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importedvarieties. Thereisalarge set of firmsthatusea CEStech-
nologytoassemble finalimported goodsfromimported varieties.
These firms also have monopoly power and set their prices infre-
quently. All firmsare also owned by Ricardian households. Third,
there is an exogenous commodity-producing sector composed of
a unique representative firm. The entire production is exported
abroad and the international price of the commodity is taken as
given. The government owns a fraction of the assets of that firm,
and foreign investors own the remaining fraction, where the rev-
enue is shared accordingly.

The central bank conducts the monetary policy through asimple
Taylor-typefeedbackrule forthe nominalinterest rate and responds
to headline CPI. The fiscal policy follows astructural balance fiscal
rule, where government expenditure (government consumption
and transfers to households) depends on cyclical adjustments of
commodity price and output gap. In addition, the model includes
distortional taxes in consumption, income, and capital gains.

There is a foreign sector composed of five exogenous variables
(GDP, inflation, interest rate, oil price, and commodity price). We
assume that the dynamics of these foreign variablesare described
by independent autoregressive processes of order one, AR(1), as
in Medinaand Soto (2007a) and Fornero and Kirchner (2014). We
choosethisframeworkinstead of aforeign SVAR block (asin Forne-
ro et al.,, 2015) to avoid selecting a SVAR identification scheme in
the DSGE model."”

Finally, the modelis parameterized using estimates from Bayes-
ian estimation techniqueswith quarterly data covering the period
2001Q3-2007Q4 and 2001Q3-2014Q4 to analyze the robustness of
the results. We use their posterior mean to compute the impulse
responses to a foreign interest rate shock.'

In this case, the identification scheme chosen for the foreign SVAR
block would influence the impulse responses computed by the DSGE.
Details of the Bayesian estimation are available on request. In particular,
the persistence of the shock is calibrated to 0.87 following Medina and
Soto (2007a). This value arises when the AR(1) process is estimated with
a sample that ends before the subprime crisis.
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4. RESULTS

This section is divided into four parts for ease of exposition. The
first partdescribes the dataused to estimate the VAR models along
with theset of identified assumptions behind the recursive and ag-
nostic schemes. The second part shows the comparison of the IRFs
for both identification schemes and highlights their similarities
and differences. The third part shows the IRF from the DSGE model
for the Chilean economy. Finally, the last part compares the IRFs
of the VAR and DSGE models. Thus, this comparison between mod-
els sheds new light and provides insights on the propagation of a
foreign monetary policy shock over the Chilean economy, while
italso assesses the suitability of the DSGE model (i.e., the theoreti-
cal model).

4.1 Data and Identification Schemes for SVAR-SOE Models

The dataare monthly observations covering the period from Janu-
ary 1996 to December 2007'7 (1996m01-2007m12). Both recursive
and agnostic identification schemes use the same data set. Table 1
shows the variables for each block of the SVAR-SOE model.

We transform price indexesin nominal US dollar terms (original
sources) toreal prices by dividing (deflating) by an external price
index constructed to reflect the foreign Chilean trade structure.
Domestic real GDP, investment, and price indexes are seasonally
adjusted using the Census X-12 procedure when theyare not avail-
able in seasonally adjusted form from the original source. The in-
terestratesare definedinlevelsand therest of the variablesinlogs.
We choose a two-month lag based on standard information crite-
riaand also following the recommendation of Castelnuovo (2016).

7 The data after December 2008 is excluded because we want to isolate

the propagation of the shock during a normal monetary regime, and
clearly thiswas not the case after December 2008 since the federal funds
rate experienced a unique path compared to its historical behavior
(from September 2007 to April 2008, the policy rate decreased from
5.25% to 2%). However, we also estimate the models using the implicit
foreign interest rate (shadow federal funds rate) covering the period
from January 1996 to December 2014 to analyze the robustness of our
results since this rate is not bounded below by zero.
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Table 1
SET OF VARIABLES FOR SVAR-SOE MODELS

Foreign block (US) Domestic block (Chile)
Industrial production index (y*) Index of economic activity (y)
Consumer price index (CPI*) Real machinery and equipment

investment (Ime)
US federal funds rate (r¥) Real construction investment (Ic)
(Us shadow federal funds rate) Core consumer price index (CPIx1)
(Real price of oil) Nominal monetary policy rate (r)

Real exchange rate (RER)

Note: We use the Chow Lin procedure to transform quarterly into monthly
frequency (e.g. domestic investments). Variables in parentheses in the foreign
block are considered only for robustness exercises and not for the baseline
model (exercises not reported). For further details concerning variables, sources
and transformations see Table 1.A in Appendix A.

We donotinclude cointegration relationsin the SVAR-SOE because
we analyze the short-term dynamics and not the long-run behavior
ofthe model. The main drawback of thisapproachisthatwe need to
rely onsimulation methods to make valid inference over the IRFs of
the models; see Sims et al. (1990) for a comprehensive discussion of
thisissue. Finally, we control for the real price of copper and linear
time trends, and add a constant term to each equation of the model.

The recursive VAR model is specified as in Fornero et al. (2015);
the variables for each block were ordered according to Table 1 (i.e.,
most exogenous variables from top to bottom). In particular, this
settingassumes that the domestic policyrate reacts contemporane-
ously with the rest of the variables in the system except for the ex-
changerate. Moreover, it cannot have a contemporaneousimpact on
the rest of the variables of the domestic block except the exchange
rate; whereas the foreign policyrate hasa contemporaneousimpact
over the domestic block but not over the rest of the variables of the
foreign block.

Table 2 shows the set of restrictions for the agnostic VAR model. In
addition, the table also describes two alternative agnostic models in
orderto assessthe robustness of the base model. The foreign mone-
tarypolicyshockisassumed to be positive foratleast one month. The
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Table 2

SIGN AND ZERO RESTRICTIONS
FOR AGNOSTIC VAR MODELS

Base model ModA ModB
h=0 h>0 h>0 h>0

Foreign block

US federal funds rate (rus) 1 ? ? ?
Industrial production index (Yus) 0 -1 -1 -1
Consumer price index (CPIus) 0 -1 -1 -1
Domestic block
Interest rate (r) ? ? ? ?
Monthly production index (Y) 0 ? ? ?
CPI core ? ? ? ?
Investment (I) 0 -2 -1 -3
Real exchange rate (RER) 1 ? ? ?

Note: Restrictions are imposed over the monthly IRFs of the model after a
positive foreign monetary policy shock. Positive or negative entries indicate
the length of the sign restrictions, whereas zero entries indicate zero
restrictions. Finally, question marks (?) indicate that no restrictions were
imposed over the IRF of the variable at that horizon. We also consider two
additional alternative sets of restrictions for the base model, see Table 2.A in
Appendix A for more details.

shock does not have a contemporaryimpact on the foreign block or
on domestic output and investment (both types of investment). We
remain agnostic with respect to the contemporaneous response of
the domestic policyrate and CPI, but we assume areal depreciation
thatlasts foratleast one month. Finally, we assume that the variables
of the foreign block react to the shock with alag as well as domestic
investment, but we assume a more persistent impact over the latter
variable based on empirical data."™

'8 A different approach would be to rely on an agnostic VAR that heavily
restricts the foreign block while minimizing the number of restrictions
in the domestic block or in the extreme case leaving it completely
unrestricted. However, the short sample of the data available for the
Chilean economy makes this approach unsuitable since there is not
enough information (data) to unveil the propagation of the shock.
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The two alternative agnostic VAR models explore the sensitivity
oftheresultsto therestrictionsimposed over domesticinvestment,
which are perhapsthe more controversial of the restrictions. In par-
ticular they consider two cases, one in which negative sign restric-
tions onlylast one period (Mod A) and asecond case in which these
restrictions last for at least three periods (Mod B). Thus, the base
model lies between these two alternative cases. We also consider
two additional alternative models in which we increase the restric-
tions over foreign monetary policy and the real exchange rate for
the base model; see Table 2 of Appendix A for further details of
these two cases.

The IFRs for the three cases are computed using monthly data,
but we aggregate the monthly responses to quarterly responses in
order to make the results comparable to the IRFs of the DSGE mod-
el. Alternatively, the IRFs can be estimated using quarterly data di-
rectly, but we argue that the identification of the foreign monetary
policy shock is more reasonable at monthly frequency, because at
quarterlyfrequencytherestrictions constrain the contemporaneous
response of the variables, which at the latter time frequency would
implystrongeridentifyingassumptions. The sameargumentapplies
to the recursive scheme.

4.2 Results for SVAR-SOE Models

Tobeginwith, weillustrate in Figure 1 theimpulse responses of the
domestic blocks to a 1% positive shock to the foreign interest rate
(100 basis points) for the SVAR-SOE model according to the recursive
(left panel) and agnostic (right panel) identification schemes.

Figure B.1 (Apenddix) showstheresponsesfortheforeign blocks.

In general, the identification of the recursive VAR model yields
puzzlingresponses. In particular, the monetarypolicyshockisasso-
ciated with expansionary conditions in the world economy (aboost
in trade partners’ activity, increases in foreign prices, and in real
commodity prices). In the domestic economy, the effect on invest-
ment is slightly positive, while at the same time the impact on local
activity is not significant. The fluctuations of RER and CPIxI turn
outtobehaveinconsistentlybecause theappreciation of the real ex-
change rate should be associated with higher inflation, but the CPI
drops. Thedropininflation can be associated to thelocal response
of the interest rate.
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Figure 1
IMPULSE RESPONSES FOR THE RECURSIVE AND AGNOSTIC
IDENTIFICATION SCHEMES FOR THE DOMESTIC BLOCK
TO A FOREIGN MONETARY POLICY SHOCK
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—— Impulse responses with 68% confidence bands

Note: The figure shows the quarterly responses to a 1% positive shock to the foreign
monetary policy rate at the monthly frequency. The quarterly responses were
computed by aggregating the monthly responses of the model.
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Figure 1 (cont.)
IMPULSE RESPONSES FOR THE RECURSIVE AND AGNOSTIC
IDENTIFICATION SCHEMES FOR THE DOMESTIC BLOCK
TO A FOREIGN MONETARY POLICY SHOCK
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Note: The figure shows the quarterly responses to a 1% positive shock to the foreign
monetary policy rate at the monthly frequency. The quarterly responses were
computed by aggregating the monthly responses of the model.
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Thus, accordingtotheseresultsthe foreign shockhasasmalland
limited impact over the domestic economy. In addition, the identi-
fication infers that the central bank reacts aggressively to contain
any jump in inflation due to the pass-through of RER to inflation.
However, at the same time the recursive identification scheme in-
fersalmost noimpact over thelocalactivityand investment.” There
are at least two problems with this interpretation. First, according
to the dynamics of the foreign block, the recursive VAR model is not
able to identify the shock properly, and thus the previous analysis
for the domestic block is not correct. Second, even if we are willing
to believe that the model was able to identify the foreign shock, the
results suggest that the shock has an extremely limited impact over
the domestic economy, which seems unrealistic in light of the mag-
nitude of the shock. Thus, we conclude thatin this case, the recursive
VAR model fails to provide an informative benchmark to judge and
validate the IRFs of our structural micro-founded model.

Theresults for the agnostic VAR model offer a completely different
view of the propagation of the shock. Overall, the impulse respons-
es show results in line with macroeconomic theory. They are also
statistically significant at conventional levels (with the exception of
inflation and the domestic policy rate). The responses for foreign
variables show dynamics thatare consistent with those expected af-
ter a negative policy shock (i.e., a contractionary effect in foreign
pricesandactivity). Itisworth noticing that the responsesin the for-
eign block go further beyond the restrictions that were specified in
this identification scheme, and thus these results suggest that the
shockis properlyidentified. In the domestic block, the shock has a
strong negative impact over output and the two types of investment
intheshortrun (around ten quarters). Moreover, the responsesare
significant at conventional levels. The fall of investment is mainly
duetothelarge real exchange rate depreciationin line with tighter
monetary conditions abroad (capital outflows, etc.). Finally, results
show no impact over domestic prices due to the strong drop in the
domesticactivity that offsets the pass-through of the exchangerate to
pricesintheshortrun, whichwould also explain the lack of response

" We explored several alternative specifications to confirm these results.
The first exercise consists of changing the order of variables (we assu-
me the interest rate to be the most exogenous variable in the foreign
block) and the results are qualitatively very similar.
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forthe domestic rate. However, there isasmall drop in pricesin the
median-run due to the normalization of the exchange rate and de-
pressed domestic activity.

Therefore, we argue that the agnostic VAR modelis able to properly
identify the foreign monetary policy shock, and the responses from
this identification scheme can be used to validate the responses of
our DSGEmodel. The comparison of these two models will enable us
toshed newlightand provide insights on the propagation of the for-
eign monetary policy shock over the domestic economy. In particu-
lar, we can compare and analyze the different policy implications
for the domestic central bank, aswell as the short/long-run dynam-
ics and the convergence toward the equilibrium implied by both
modelsinordertobetter characterize the propagation of the shock.

We consider fouralternative sets of signrestrictionstoanalyze the
robustness of the results for this identification scheme; see Table 2
(previoussection) and Table A.2 (in the Appendix) for more details.
Moreover, Figures B.2 and B.3 depict the IRFs of these four alter-
native models. In particular, Mod A and B show that restrictions in
investment have asignificantimpact ontherealvariables, butnom-
inal variables show similar dynamics between the alternative cases
and base model. Thus, our conclusions hang on the plausibility of
these restrictions. Finally, additional restrictions in foreign policy
rate and real exchange rate donot change the responses of the vari-
ablessignificantlywithrespecttothosereported forthe base model.

4.3 Results for the DSGE Model

DSGE models are highly parameterized, and thus we estimate the
model using data covering the period 2001Q3-2014Q4 in order to
improve identification of the parameters of the models. Figure 2 il-
lustrates the responses of the DSGEmodel toa 1% positive shock (100
basis points) to the foreign interest rate.

The tightening of foreign monetary conditions will lead to capi-
tal outflows away from Chile. This will endogenously influence the
country risk premium (the debt burden increases if the country is
anet borrower). Because of this, there will be a depreciation of the
local currencyin bothnominaland real terms.? To fight againstin-

2 Notice that we take a conservative stance regarding the implications of
the financial tightening in the US. We can expect additional financial
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Figure 2

IMPULSE RESPONSES WITH A DSGE MODEL FOR CHILE
TO A FOREIGN MONETARY POLICY SHOCK
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Note: the model is parameterized using estimates from Bayesian estimation
techniques with quarterly data covering the period 2001Q3-2014Q4. The figure
shows the Bayesian impulse responses to a 1% positive shock (100 basis points) to the
foreign interest rate. We assume that the dynamics of the foreign variables are
described by independent autoregressive processes of order one, AR(1), as in Medina
and Soto (2007a) and Fornero and Kirchner (2014).
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flationary pressures, the central bank raises the policyrate. The lat-
ter causes a large fall in activity, particularly in investment, which
decreases slightly more than 1% below its steady-state value

Thereal exchangeraterises persistentlyand, during the first pe-
riods, roughly depreciates by 1.5%.In consequence, marginal costs
increase causing inflationary effects (around 0.2% on impact). As
nominal prices are rigid, the inflation reaches its peak at the end
of the firstyear. In addition, the results suggest that the immediate
pass-throughis 0.18 and increases towards the end of the first year.
Moreover, consumption expensesalso falldue tothe increaseinreal
interestrates (notshowninthe figure). Consequently, the model pre-
dicts amodest but persistent contraction in output. Notice that the
large persistence of the foreign monetary policy shock drives these
importantfluctuations. Finally, the persistence of the shock contrib-
utestoalargeimprovement of the current account, which explains
the initial hike in output.

4.4 Comparing the Results of SVAR-SOE and DSGE Models

The main results from the IRFs analysis showed that the recursive
VAR modelwas notable toidentify the foreign monetary policyshock,
and thus, the comparison excluded this identification scheme.
Before jumping into the comparison of the responses between
the agnostic VAR (Figure 1) and DSGE model (Figure 2), there are two
pointsthatweneed toaddress. First, responses for VAR models were
constructed byaggregating monthlyresponsesto quarterlyfrequen-
cyand hence their confidence intervals are wider than they should
be because variables are smoother at higher frequencies. Thus, the
sensitivity of the responses to the restrictions in investment should
bereconsidered. Second, the DSGE model uses datafrom the period
after 2008 whereas the VAR models do not, hence the comparison of

distress triggered by larger volatility in emerging economies such as:
i) an increase of default probabilities of these countries yielding to a
boost of country risk premiums; i7) the appreciation of the US dollar
worldwide leading to unfavorable dynamics in commodity prices and
in terms of trade for emerging economies. These further effects can
be captured by setting a SVAR for these foreign variables instead of an
AR(1) model for each variable. We avoid implementing that SVAR due
to the strange implications arising from the Cholesky identification
discussed above.
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Figure 3

IMPULSE RESPONSES FOR THE AGNOSTIC VAR AND DSGE MODEL
RESPONSES TO A 1% POSITIVE SHOCK TO THE FOREIGN INTEREST RATE
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Note: Agnostic VAR, for the baseline model; quarterly responses were computed by
aggregating monthly responses. DSGE model, Bayesian impulse responses. The figure
shows the 68% and 90% confidence bands for the VAR and DSGE model, respectively.
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Figure 3 (cont.)

IMPULSE RESPONSES FOR THE AGNOSTIC VAR AND DSGE MODEL
RESPONSES TO A 1% POSITIVE SHOCK TO THE FOREIGN INTEREST RATE
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Note: Agnostic VAR, for the baseline model; quarterly responses were computed by
aggregating monthly responses. DSGE model, Bayesian impulse responses. The figure
shows the 68% and 90% confidence bands for the VAR and DSGE model, respectively.
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theresults maynot be straightforward. We therefore also estimated
an alternative DSGE model using a more comparable data set, but
the results did not change significantly.? Figure 3 summarizes the
results for the agnostic VAR and DSGE model.

Beyond the quantitative differences, we find that the impulse re-
sponses of the agnostic VAR model are in line qualitatively with the
results of the DSGE model except for output. In the DSGE model, the
initial hikeis explained by the improving of the currentaccount due
totherealand nominal exchangerate depreciation;whereas the ag-
nostic VAR infers a drop of almost two percent in output.

There are three key issues in the dynamics of the responses in-
ferred by the DSGE model that we want to highlight. First, the model
infers alimited propagation of the shock to the domestic economy,
which may seem problematic in light of the size of the shock. Sec-
ond, the peak ofthe shock overactivityoccursduring the second and
third year after the shock (impact of the shock accumulates slowly
over time). Finally, convergence toward the steady state is reached
onlyinthe long run. The last two issues may be due to the many mi-
cro-foundedrestrictionsthatareincluded in the model.**Ironically,
these mechanisms are added to better fit the persistence observed
inthe data. On the contrary, the agnostic VAR offers a slightly differ-
entview aboutthe propagation of the shock. In particular, it clearly
indicates that the shockismuchless persistent, butat the same time,
ithasagreaterimpactin the shortrun. Finally, policy implications
from both models turned out to be different, according to the ag-
nostic VAR model, the central bank do not need torise its policy rate
because the drop in activity helps to contain any jump in inflation;
whereas in the DSGE model the rise in prices is partially accommo-
dated by the increase in the policy rate.

Of course, bothmodelsare approximations and thuswe favor the
viewthattheresponseswilllie between the responses of both models.
The mainadvantage of the DSGEmodelisthatit offersacomprehen-
sive description of the propagation of the shock that enriches policy
discussions. However, this comparison enables us to:

? See Figure B.4 (Appendix) for the complete set of responses for this
alternative DSGE model. The main difference is that the responses are
exacerbated in this case.

?2 One example of these micro-founded restrictionsisthe delayin domestic

consumption because of the assumption of consumption habits.
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1) Validate the responses of the theoretical model (i.e., DSGE
model) for the Chilean economys;

2) Better understand the propagation of the shock over the do-
mestic economy, in terms of duration, length, and depth;

3) Develop potentialimprovements to the structure behind the
DSGE model in order to address the three key issues outlined
in the previous paragraph;

4) Offeraricher policy discussion for the policymaker.

5. CONCLUSIONS AND FURTHER DISCUSSION

This paperinvestigates the propagation of aforeign monetary poli-
cyshock over asmall open economy, in particular over the Chilean
economy. Our motivation is based on the ongoing period of mone-
tarynormalization alreadystarted by the Fed. We use acomprehen-
sive methodological framework (i.e., two structural VAR models and
a DSGE model tailored for the Chilean economy) in order to shed
new light and provide insights on the propagation of the shock. We
use this approach because according to Canova (2007), structural
VAR models can be used to judge and validate the responses from a
DSGEmodel. Thisexerciseisimportant because the mainadvantage
of DSGE modelsis that they provide a comprehensive description of
the economy. Our main methodological contributionisto combine
the methods of Arias et al. (2014) and Koop and Korobilis (2010) to
develop an agnostic VAR model for SOE.

The results suggest that the recursive VAR model is not able to
identify the shock since some of the responses are counterintuitive
(especially for the foreign block). These results are in line with Ber-
nanke etal. (2005), Mojon (2008) and Castelnuovo (2015). Thus, this
identification scheme cannot be used to judge the responses of the
DSGE model. On the contrary, the agnostic VAR model shows results
in line with macroeconomic theory. The comparison between the
agnostic VAR and DSGE model show that both approaches infer sim-
ilar responses for the economy, except for output. In addition, we
identifythree pointsthat deservefurtherattentionin the dynamics
of the DSGE model: 1) The impact of the shock; 2) Peak of the shock;

58 ]. Fornero, R. Montero, A. Yany



and 3)The convergence toward the steady state. Finally, we spot dif-
ferent policy implications arising from both models. According to
the agnostic VAR model, the central bank does not need to raise its
policyrate because the drop inactivity offsetsany jumpininflation;
whereas in the DSGE model the rise in prices is partially accommo-
dated by the increase in the policy rate. Thus, this comparison en-
riches the discussion for the policymaker.

Our results therefore suggest that there is a gap in the interpre-
tation of the propagation of the foreign monetary policy shock in
these models. Furtherresearchisneeded to develop abetter propa-
gation mechanism in the DSGE model to solve or improve the short-
and long-run propagation mechanism of the shock. We leave these
issues to further work. However, we recognize and propose two po-
tential improvements for the DSGE model. First, significant gains
could be made byimproving the timeseries properties of the foreign
shocksin these types of models; the DSGE model combines an AR(1)
process to describe the foreign interest rate, which is, admittedly,
extremelysimple. Thelack of aforeign propagation mechanism can
help to explain the observed responses in this model. Second, the
lack of financialrestrictions mitigates the propagation of the shock;
the model can beimproved byincludingafinancialacceleratorasin
Bernanke (1999).In brief, these improvements provide an opportu-
nity toinvestigate the causes of the differences between the agnostic
VAR and DSGE model.

Finally, we recognize that our comparison does not have a real
benchmarktojudge each modelindependently. Amore elegantap-
proach to performing the comparison would be to specify a more
general DSGE model and simulate data from it. We could then com-
pute and compare the responses of each model according to aloss
function. However, our approach remains valid since it fosters dis-
cussionamong policymakers. Inaddition, the specification ofatrue
modelisalways a controversial assumption and in this case it would
be similar to the DSGE model, meaning the comparison could be bi-
ased toward such model.
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Appendix A

Table A.1
DATA USED FOR THE ESTIMATION OF THE SVAR MODELS

Variable

Description

Log world real GDP

Log foreign price index

Foreign interest rate
Log real copper price
Log real oil price

Log domestic real GDP
Log domestic price index

Log real exchange rate
Domestic interest rate

Log real investment in machinery
and equipment

Log real investment in
construction

World real GDP index, US indexof
industrial production (both SA)

Chilean external price index
(IPE) and US consumer price
index (both SA)

Fed funds rate
Real copper price
Real WTI oil price

Monthly economic activity
indicator (IMACEC) (SA)

Consumer price index (IPC,
2013=100) (sA)

Multilateral real exchange rate
Monetary policy rate

Real gross fixed capital formation
in machinery and equipment
(sA)

Real gross fixed capital formation
in construction (SA)

Sources: Central Bank of Chile and Federal Reserve Economic Data (FRED,
Federal Reserve Bank of St. Louis). The log world real GDP was constructed
using the Chow-Lin procedure with monthly world production index for the
world real GDP index, the log real copper price and oil price were deflated
with the international price index (IPE, 2005=100). Finally, an increase in the

exchange rate denotes a depreciation.
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Table A.2

ALTERNATIVE AGNOSTIC VAR MODELS SIGN
AND ZERO RESTRICTIONS

Base model Mod C~ Mod D
h=0 h>0 h>0 h>0

Foreign block

US federal funds rate (rus) 1 ? 2 2

Industrial production index 0 -1 -1 -1
(Yus)

Consumer price index (CPIus) 0 -1 -1 -1

Domestic block

Interest rate (r) ? ? ? ?
Monthly production index (Y) 0 ? ? ?
CPI core ? ? ? ?
Investment (I) 0 -2 -2 -2
Real exchange rate (RER) 1 ? ? 2

Restrictions are imposed over the monthly IRFs of the model after a positive
foreign monetary policy shock. Positive or negative entries indicate the length
of the sign restrictions, whereas zero entries indicate zero restrictions. Finally,
question marks (?) indicate that no restrictions were imposed over the IRF of
the variable at that horizon. We also consider two additional alternative set of
restrictions for the base model; Mod C considers the foreign monetary policy
to be positive for at least three months. Mod D considers the foreign monetary
policy and the real exchange rate to be positive for at least three months. Thus,
these two alternative agnostic schemes are incremental cases of the base model.
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Appendix B

Figure B.1
IMPULSE RESPONSES FOR THE RECURSIVE AND AGNOSTIC
IDENTIFICATION SCHEMES FOR THE FOREIGN BLOCK
TO A FOREIGN MONETARY POLICY SHOCK
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Note: Recursive VAR first column; agnostic VAR last column for the base line model.
The figure shows the quarterly responses to a 1% positive shock to the foreign
monetary policy rate at the monthly frequency. The quarterly responses were
computed by aggregating the monthly responses of the model.
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Figure B.2

IMPULSE RESPONSES FOR ALTERNATIVE AGNOSTIC VAR MODELS
FOR THE DOMESTIC BLOCK TO A FOREIGN MONETARY POLICY SHOCK
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Note: Responses for the alternative restrictions over investment for agnostic VAR

models: 1) Mod A: negative sign restrictions only last one month; 2) Mod B: negative

sign restrictions last for three months. The figure shows the quarterly responses to

a

1% positive shock to the foreign monetary policy rate at the monthly frequency. The

quarterly responses were computed by aggregating the monthly responses of the
model. The responses for the foreign blocks do not change in these two cases and
thus they are not reported.

Reassessing the Effects of Foreign Monetary Policy on OQutput

63



Figure B.2 (cont.)

IMPULSE RESPONSES FOR ALTERNATIVE AGNOSTIC VAR MODELS
FOR THE DOMESTIC BLOCK TO A FOREIGN MONETARY POLICY SHOCK
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Note: Responses for the alternative restrictions over investment for agnostic VAR
models: 1) Mod A: negative sign restrictions only last one month; 2) Mod B: negative
sign restrictions last for three months. The figure shows the quarterly responses to a
1% positive shock to the foreign monetary policy rate at the monthly frequency. The
quarterly responses were computed by aggregating the monthly responses of the
model. The responses for the foreign blocks do not change in these two cases and
thus they are not reported.

64  ]. Fornero, R. Montero, A. Yany



Figure B.3

IMPULSE RESPONSES FOR ALTERNATIVE AGNOSTIC VAR MODELS
FOR THE DOMESTIC BLOCK TO A FOREIGN MONETARY POLICY SHOCK
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—— Impulse responses with 68% confidence bands

Note: Responses for the alternative agnostic VAR models: /) Model C: foreign
monetary policy is positive for at least three months; 2) Model D: foreign monetary
policy and real exchange rate are positive for at least three months. Thus, these two
alternative agnostic schemes are incremental cases of the base model. The figure
shows the quarterly responses to a 1% positive shock to the foreign monetary policy
rate at the monthly frequency. The quarterly responses were computed by aggregating
the monthly responses of the model. The responses for the foreign blocks are the same
as those in the base model and thus they are not reported.
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Figure B.3 (cont.)

IMPULSE RESPONSES FOR ALTERNATIVE AGNOSTIC VAR MODELS
FOR THE DOMESTIC BLOCK TO A FOREIGN MONETARY POLICY SHOCK

MODEL D
1- Y 9. Ic
0 ‘»" __________________ _g :\z’ > —
-1 W | i
’ T .

-2 'l“ /l —6-|| II

34 8 I\II

-4 T T - -10 T T )

10 20 30 40 10 20 30 40
5- IME 9- crixl
0= _____::::::T 1_\‘
4 \

5/ AN .
10~/ N —— -
—15—‘ /I -1 Sel--7T

<7
-20 T T \ -2 T T \
10 20 30 40 10 20 30 40
3 R 15 - RER
2 4 | 10-.I
\\ . , N .
o= O =
\- ’/ Y4
-1 T T T ) -5 T \
10 20 30 40 10 20 30 40
Periods Periods

—— Impulse responses with 68% confidence bands

Note: Responses for the alternative agnostic VAR models: /) Model C: foreign
monetary policy is positive for at least three months; 2) Model D: foreign monetary
policy and real exchange rate are positive for at least three months. Thus, these two
alternative agnostic schemes are incremental cases of the base model. The figure
shows the quarterly responses to a 1% positive shock to the foreign monetary policy
rate at the monthly frequency. The quarterly responses were computed by aggregating
the monthly responses of the model. The responses for the foreign blocks are the same
as those in the base model and thus they are not reported.
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Figure B.4

IMPULSE RESPONSES WITH A DSGE MODEL FOR CHILE
TO A FOREIGN MONETARY POLICY SHOCK
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Note: Model is parameterized using estimates from Bayesian estimation techniques
with quarterly data covering the period 2001Q3-2014Q4 and 2001Q3-2007Q4. The
figure shows the Bayesian impulse responses to a 1% positive shock (100 basis points)
to the foreign interest rate. We assume that the dynamics of the foreign variables are
described by independent autoregressive processes of order one, AR(1), as in Medina
and Soto (2007a) and Fornero and Kirchner (2014).
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The Effect of International
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on Costa Rica
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Abstract

This paper studies if the international monetary policy has a major effect on
the Costa Rican economy. The analysis is performed estimating a structural
Bayesian vector autoregression (SBVAR) and a dynamic stochastic general
equilibrium (DSGE) small open economy model estimated with Bayesian maxi-
mum likelihood methods using data from 2000 to 2014. The SBVAR estima-
tion provides evidence that shocks to US interest rates, US inflation and US
output in conjunction accounts for the following share of fluctuations: 43.2%,
of nominal exchange rates; 52.2% of Costa Rican interest rates; 35.1% of
Costa Rican inflation; 51.4% of Costa Rican output; 36.7% of exports; and
39.3% of imports. The DSGE model describes the mechanisms through which
thelocal and foreign disturbances affect Costa Rica. Anunexpected increase
inthelocalinterest rates means that the holding of local assets by therest of the
world increases; and it also incentives savings, which means postponed con-
sumption. Households substitute deposits, local and foreign currency, with
government debt. As expected the substitution of savings by government debt
means thereis no greater investment in the economy due to an increasein the
risk premium. Meanwhile, an unexpected expansion in the US interest rate
causes an outflow of resources from the economy, which along with the inter-
est rateincrease causes a depreciation of the currency and an increase in the
localinterest rate. Therefore consumption decreases and exports increase.
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1.INTRODUCTION

he expansive international monetary policy that has been in
place since 2009, especially in the United States, has had sev-
eral effects on the Costa Rican economy. The international
financial crisis occursjustinthe earlystages of structural reforms for
the monetaryand exchange rate policies. In this context, the authori-
ties have adapted to external conditions while taking advantage of
them to finally controlinflation and make progressinreforming the
exchange rate regime. This paper aims to evaluate the effect of the
international monetary policy over the local economic conditions.

The first observable consequence of the international monetary
policyisthelowinterestrates prevalent forseveralyearsin the inter-
national markets. Given this, domestic economic agents were able
to access cheap foreign borrowing. In fact, during the years 2012 to
2016 the Costa Rican government placed the equivalent of 8% of
2014 GDP in new foreign debt. Onthe domesticside, there was pres-
sure ondomesticinterestratesoriginated bythe need tofinance the
government deficit that conducted to a higher interest rate differ-
ential. These aspects attracted resources to Costa Rica and gener-
ated an appreciation pressure of the coldn (CRC), which along with
low commodity prices have been the main forces toreduce inflation.

Under the circumstances, the net international reserves (NIR)
balancesignificantlyincreased, explained by the capital inflowinto
the economy and the obligation to defend the lower limit of the ex-
change rate band system along with the creation of several reserve
accumulation programs established by the authorities of the Central
Bank of Costa Rica (Banco Central de Costa Rica, BCCR). The follow-
ing currencyappreciation ended facilitatinganimportant objective
of the Central Bank, the reduction and stability of inflation and its
convergence to that of the major trading partners.

The documentis organized as follows. Section 2 provides a brief
characterization of the Costa Rican economy. Section 3 uses a Bayes-
ian vector autoregression estimation to study the magnitude of the
effectsoftheinternational monetary policy over thelocal economy,
especially the period after the recent financial crisis. Section 4 cov-
ersthe DSGEmodeland theresults of the impulse response functions
that allow us to elaborate on the possible effects of changes in the
international and local monetary policies, as well as other impor-
tant international variables. And finally, Section 5 contains some
conclusions and remarks.
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2. THE COSTA RICAN ECONOMY
AND THE INTERNATIONAL MONETARY POLICY'

2.1 CostaRicain Figures

Costa Ricais asmalland open economy; its main commercial part-
neris the United States of America (USA) that counts for 47% of the
international trade (imports and exports). From the stock market
point of view, Costa Rica is underdeveloped and it is not interna-
tionally integrated.

The GDP is about 53 billion dollars (USD) for 2015; and a GDP per
capitafor20150f 10,947 USD. The average real growth for 1991-2008
was 5.1%; as aresult of the international financial crisis, the output
decreased in 2009 (-1%) a moderated contraction compared with
those of some Latin American economies. Since then the economic
activitybeganarecovery process (4.1% from 2010-2015). According
to calculations made by Esquivel and Rojas (2006) and updated by
the Central Bank, the potential output in Costa Rica is estimated
at4.3 percent.

The country exhibited a large current account deficit, around
6.2% of the GDP for the period 2005-2008. This disequilibrium ex-
perienced a correction due to an improvement in terms of trade, a
reduction of the value of its imports and a GDP contraction given
theinternational financial crisis, and by the end 0of 2009 it was 2% of
the GDP. For the period between 2010 and 2015, the currentaccount
deficit stands for 4.7% of the GDP and was almost entirely financed
by foreign direct investment (Table 1).

From 1980t0 2008 the average inflation annual rate was 18.7%; it
declined to 3.9% from 2009to 2015. The Central Bank faces the chal-
lenge of consolidating this process to achieve and maintain similar
inflation levels to its main trading partners, in the medium term.

In2006 the BCCRstarted aslow transition toinflation targeting
byintroducing more flexibility in its exchange rate regime.

At that time the assessment of the BCCR was that in Costa Rica
the implementation of a variation of fixed exchange rate regime
(crawling peg) along with the Central Bank losses were a permanent
source of money creation which made impossible to pin down infla-
tion from 1982 to 2005.

! Based on Barquero and Muiioz (2016).
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Table 1
COSTA RICA: MACROECONOMIC INDICATORS

Indicator 2007 2008 2009 2010 2011 2012 2013 2014 2015

Inflation 108 139 4.0 58 47 46 37 51 -0.8
Real rate of growth 79 27 -1.0 5.0 45 52 34 35 29

Current account
deficit (percent
of GDP) 6.3 93 20 35 54 53 50 48 4.2

Foreign direct
investment
(percentof GDP) 6.2 6.9 4.6 4.0 51 4.2 48 4.0 4.2

Net international
reserves (percent
ofGDP) 15.6 12.7 13.8 12.7 11.5 15.1 14.9 14.6 15.2

Global public
sector deficit
(percent of DP)' -0.8 0.4 50 59 56 51 62 53 5.8

Financial wealth

dollarization 38.0 43.2 429 39.8 36.7 329 30.8 322 30.4
Credit
dollarization 424 44.6 42.6 38.7 39.4 41.1 42.1 41.0 41.6

'Negative value stands for surplus.
Source: Central Bank of Costa Rica.

In other words, the Central Bank did not have control over its
monetary base and Costa Rica was a textbook example of the impos-
sible trinity.

The basicidea was that in the medium and long terms, the infla-
tion was created by the excess of money over its demand. So, by de-
linking the money creation process from the exchange rate regime
thatwould reduce the sterilization needs of the Central Bank, it will
reducealongtimethesize ofthe Central Bank deficit (Figure 1 shows
thisidea). Therefore, the BCCR will gradually take control of its two
main sources of monetary expansion (fixed exchange rate regime
and losses due to sterilization efforts).

The BCCR purpose wasto move gradually from the fixed exchange
rate regime to a free float one, in which the market forces are the
main determinants of the nominal exchange rate.
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Figure 1

BCCR: DEFICIT AND ANNUAL INFLATION RATE
Percentage of GDP
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Source: Central Bank of Costa Rica.

During the first 19 months of the new regime the nominal ex-
change rate appreciated about 6%; however, this was a period in
whichthe Central Bank continued purchasinginternational reserves
and sterilizing the resulting monetary excesses. There was an im-
provement in its deficit; however, the inflation, in average, during
the period 2006-2008 was not different from the previous 23 years,
and this could also be partly explained by high inflation expecta-
tions generated afteralmost three decades of double-digitinflation.

2.2 Monetary Policy in Costa Rica

From 1983 tolate 2006, the conceptual basis of the BCCR’s monetary
policywasthe monetaryapproach to the balance of payments, which
was run by a financial programming exercise oriented to control
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monetary aggregates (net domestic assets, M1, M2, total liquidity,
total domestic credit), where the monetary policy instruments were
basically reserve requirements and open market operations. The
monetary approach to the balance of payments operates under a
fixed exchange rate system; Costa Rica’s exchange rate at the time
wasa crawling peg which in practice can be considered as fixed.

The fixed exchange rate regime and the opening of the capital
accountin 1992 actually meant that the BCCR lost monetary control
overthe economyand thusinflation control. Thisdemonstrated the
incompatibilitybetween the monetarysystem and the exchange rate
regime (impossible trinity), thatled the countrytoinflation ratesin
double digits. Indeed, average inflation for the period 1980-2006 is
around 19.3 percent.

In 2005 the Board of Directors of the BCCR decided to gradually
advance on the adoption of a monetary policy regime based on in-
flation targets. As part of this processin October 2006, it decided to
leave the exchange rate regime in operation since the early eighties
and temporarilymoved to aregime of exchange band. Thisamend-
ment sought not only to provide greater flexibility in determining
the nominal exchange rate, butalso to strengthen the use of the in-
terestrate transmission mechanism of monetary policy.

In June 2011 the Board redefined the monetary policy rate (tasa
depoliticamonetaria or TPM, in Spanish) asthereferenceinterestrate
used by the BCCRto drive the cost of operations within the integrated
liquidity market (MIL). Specifically, the operations are conducted
inacorridorformed by the interestrates onits standing facilities of
creditand the deposit. Operationally, the Bankimplementsits mon-
etarypolicybyinfluencing the amount of loanable funds and liquid-
ityin the MIL, ensuring that the resulting interest rate approaches
the monetary policy.

In February 2015, the Central Bank’s Board of Directors makes
the decision to migrate toamanaged floating exchange rateregime
inwhich the exchange rate is determined by the interaction of sup-
ply and demand while the BCCR intervenes to moderate excessive
volatility without interfering with the market forces.

The mainresult of these reformswithinaninternational environ-
ment of high liquidity and low interest rates was a sharp decline in
the rate of inflation. The rates of inflation, expected inflation, and
core inflation decreased from over 12% in 2008 to around 5% by
2010. Since then all these indicators have remained stable and low,
allowingthe BCCRto achieve alevel of inflation that has mostlybeen
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within the target announced by the monetary authority and therefore in-
creasing the level of credibility by the economics agents.

However, if the current level of inflation is not sustainable once the in-
ternational monetary policy changes direction, or at least is not resilient
todrasticincreasesin the exchange rate or the international price of com-
modities, that should be asource of concern for the Central Bank.

3.STRUCTURED BAYESIAN VECTOR AUTOREGRESSION
(VAR) ESTIMATION

In this section, we perform a structured Bayesian vector autoregression
(SBVAR)® estimation that allows seeing the relation between the main vari-
ables in the model. This is performed by checking the effect that the US
economy hasin the CostaRican economy estimating amodel following Zha
(1999), which allows exogenous blocks in the estimation of the VAR in the
sense thatanyvariable thatisnotincluded in the block does not have an ef-
fect (coefficient equalto zero) in the corresponding equations of the exog-
enousblockattime tandinlags. Inaddition, one canimpose some structure
in the matrix of contemporaneous coefficients in the left side of the VAR.

Our observable variables vector in this empirical work is given by Y = [e,
rer 77:CR, YR, impR, expr, 1S, 7TUS, y%], where eis the real exchange rate be-
tween Costa Rican currency and US dollar, r is the real interest rate, mis
theinflation, Yisthe GDP, imp are the importsand exp are the exports. The
series contain quarterly datafrom 2000 first quarter to 2014 third quarter
and were transformed by using the Hodrick-Prescott filter.

Partitioning the observables Y;into Costa Rican nominal, GDP and real
variables, and US nominal variables: Y,""" =[¢, r%, 7TCR], 3 =[y], Y, =[im-
PR, exp ] and Y,"" =[5, n%, %] respectively, the four blocks are given by:

CR

, — e,nom e,nom ¥ nom enom
TS, A’ 0 A" |[Y, B Bl Biwn Blw |[ Y0 g

e,nom e,nom

0 1, A% am |y | _|BoB B BT | | e
0 0 Lo 0 | YU lmamoBe BE B |\YS||" |
O O 0 TS% th nom 0 0 0 B nom )7, Tim glnom

nom

where TS, denotesan upper triangular matrix of dimension n x n. The struc-

e,nom CR nom

tural errors [et ,8/,87 8, ] are orthogonal with unit variance.

2 All the results are reported at the mode of the parameters distribution using
maximum likelihood.
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The contemporaneous matrix (left) can be seen as an upper tri-
angular matrix of dimension 9x9 and this means that the variable
which is on the top ¢ is affected by the greatest number of variables
(9), the one below r“? does not receive effect from the first ordered
variable econtemporaneously but from the others doesitand so on,
until the last ordered variable y* is the most exogenous one. In this
case, we alsoimpose additional restrictions (zeros) in the model, in
the first row the zero means that imports and exports of Costa Rica
do not have animpact at time ¢in Y,""”. The other zero (third row)
and the use of an identity matrix (/) imply no effect of any vari-
ableat time ¢in Y.

In the matrix of lags (right), the restrictions are set by the meth-
od of estimation and as a consequence, the block of US variables is
not affected (not at time ¢norinlags) by the domestic variables. We
must mention that this method is not equivalent to make two re-
gressions: one with the domestic variablesas dependentsand all the
variables as regressors, and the other with just the US variables as
dependents and regressors as well, because this does not take into
account the relationship between blocks when, for example, one
computes the second moments and the variance decomposition as
the other method does.

Inthe estimation we chose twolags becauseit gave us the bestmod-
el fit when we compare the second moments of data and the model
(standard deviations and correlations), we report only two tables,
one with standard deviations and the correlations of all variables
with y* to save space.

As we see the most notable differences come from the correla-
tion table, the first three variables ¢, 7%, 7" are the ones with more
deviations in proportion; however, the signs do not change and the
differences are not significant.

Table 1
STANDARD DEVIATIONS
e 7R TR yr o imp™ exp™ [ z% y
Data 459 038 1.49 2.88 351 556 2.00 0.01 1.17
Model 4.52 0.47 149 285 426 5.14 1.58 0.01 1.05
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Table 2
CORRELATIONS WITH y*

¢ 2CR T CR yCR i pCR ox pCR U T Us yUS

Data 0.02 -0.20 0.44 -0.34 050 0.29 044 052 1.00
Model 0.13 -0.31 0.24 -0.34 0.32 0.21 0.36 0.43 1.00

Our mainresultinthis estimationis the variance decomposition
which shows areally big impact from the foreign shocks &", £&" and
&’ to the domestic and bilateral variables ¢, 7%, 7TCR, Y&, imp* and
exp®® with a cumulate effect of 43.2, 52.2, 35.1, 51.4, 36.7 and 39.3
respectively.

Table 3
VARIANCE DECOMPOSITION

Bilateral Costa Rica United States

¢ JCR T CR ye im pCR expt U T us yvs

& 33.6 7.0 9.1 5.0 7.9 5.7 0.0 0.0 0.0

& 77 105 44 27 48 35 00 0.0 0.0
& 46 116 23 41 53 106 00 00 0.0
& 19 6.0 101 164 54 44 00 00 0.0

E" 97 44 110 18 149 38 00 00 00
% 64 82 39 188 950 325 0.0 00 0.0
& 45 9234 78 104 68 91 77.1 191 9237
€ 196 33 148 7.0 27 67 114 799 26

& 19.1 255 125 340 272 235 11.6 1.0 737
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Thevolatility of the real exchange rate is more affected by the in-
flation and productfrom USAand in almost the same quantity, while
the domestic monetary policy gets the biggest effect from the inter-
estrateand product, the domestic GDP gets the greatestimpact ofall
the shocks precisely from the foreign GDP, and imports and exports
are more influenced by the foreign product. The block of zeroes is
brought because USA is the exogenous block, so nondomestic vari-
able has an effect onitsvariables. To furtherinvestigate the mecha-
nisms through which domestic and international shocks affect the
Costa Rican economy, we then develop and estimate a DSGE model
that characterizes the main elements of that economy.

4. THE EFFECT OF LOCAL AND INTERNATIONAL
MONETARY POLICY ON COSTA RICA

4.1 DSGE Model

The DSGE model*for Costa Rica used in this paper is a new Keynes-
ian model with price and wage frictions that includes a wide set of
economicagents, among them households thatreceive income from
their holdings of financialassetsand alsowages from labor. Addition-
ally, theyreceive the profits from the firms that produce intermedi-
ategoodsand direct transfers from the government. Thisincomeis
used to buy consumption goods, pay taxes and buy financial assets
for the next period.

The model also includes entrepreneurs that produce a homoge-
neous good using as inputs capital and labor. The production pro-
cess requires the entrepreneur to buy capital at the beginning of
the period. However its net wealth is not enough to buy the amount
of capitalrequired, thus it asks the financial sector for loans. These
loans are funded with deposits from the households and foreign
debt contracted by the banks.

The entrepreneurs sell their homogeneous good to firms that
produceintermediate goods, which differentiate the homogeneous
good at a zero cost. These firms pick a price that maximizes their
profits even though they face a quadratic cost adjustment in price
changes following Rotemberg (1982), creating this way price rigid-
ityin the model.

3 Based on Alfaro et al. (2015).
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The firms that produce intermediate goods sell them to the firms
that produce final goods, which used the intermediate goods as in-
puts and then sell the aggregate product to the householdsas a con-
sumption good, to the foreign sector as exportsand to the firms that
are capital producers as investment goods or capital input.

Finally, there is a monetary authority that sets the nominal in-
terest rate according to a Taylor rule, and a government that issues
debt, charges taxes on capital rents, wages, and consumption, and
expendsininvestmentand operating costs using afiscalrule. Amore
detailed explanation of the model follows next.

4.1.1 Households

Thereisanumberofidentical householdsand a continuum of house-
hold members, where z €(0,1) represents the labor type offered by
each household member, and $ (0,1) is the disutility of labor for
each member (S) that represents the aversion to labor. Labor is in-
divisible, which means that the marketlaboradjustment takes place
through the number of household membersworkingand notthrough
the amount of hours supplied.
Each employed household member utilityis represented as

i=0 1-o,

And the utility of unemployed members is

U=E, iﬁ{—(c‘”) - }

1-o,

The aggregate utility function for the household looks like:

1-o,

U= Etiﬂi li(cfi)o_

- Zj(:_[:;l’ms" dsdzjl.

iﬁ’ (Cm)liay —le(nzm)lm dz |.

o l1-o, o 1+n
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Integrating among all kind of labor the household disutility of labor is

( d )l+n
found IlLdz .
° 1+n
The household problem can be divided into two parts, the first chooses
the consumption path {CH,- }io , real stocks of government bonds {bm- }:O , and
depositsinlocal and foreign currency at the financial system {d d’

L+i° l+i}i:0
order tomaximize the utility subject to the income constraint. In the second

in
stage, the labor wage w,, is determined by the labor kind z.

Utility Maximization Problem

The first optimization problem would be

1+n
1-o d
r
(¢ui) Il ("LM) dz
- b

U=E i
max e l;ﬂ 1-o 0 1+n

iy idyyhdS }
{l+z et T+ i=0

subject to

* .
S p - 1 1, .
c t+ilt+i g* L d t+i-1
(1 R )Ct+i +b, +d, + p dp; = (1 Tk )J.sz,uinz,widz +— b +

t+i-1
t+i t+i
d*
-d i #
1, . . S p i g%
t+i-1 t+i—=1 “t+il’t+i
+ ¢ dt+i—l + * ¢ t+i-1 +
t+i t+i t+i

b G
+§t+i +§t+i _”m'-

The household receives income from the wages of all the employed mem-

bers J‘:wz,,njtdZ ,italsoreceivesthereturnsand the facevalue of the holdings
of financial assets, for government bonds receives, {_; for deposits in local
and foreign currencyreceives Z}d_l and l,d_*l Additionally, receives profits from
the firms él and from the banks 5:) . The household then buys consumPtion
goods ¢, financialassetsin local currency b, d, and foreign currency d, (val-
ued using thereal exchangerate s,pf/[),f) .Finally, it pays taxes over consump-
tion 7, and labor 7, and receives transfers for f, . Localinflation is 7,and
foreign inflation =, .
Optimality conditions are:

B 3= BE,| 2,

+1

t+1

84  J. P.Barquero, P. Chavez Lépez



-d
1

)“z =18Et lt+1t_

c
Tr+l

s

£ ,d
S )
;Lt = ﬂEt lt+1 Lt;ltf
), T

(l+rf)).t =ct(76’)

Simultaneously the consumption basket composition between lo-
caland imported goods is determined to minimize its costs.

h r
minG = P c +p—’tcf )

¢ t
h,ﬂtj t t

t+1

“

subject to

¢ =(1-a, )[ﬂ] B

v

B - L)

t

Optimal Wage and Labor Supply
Thewage fromlaborzis w,, andtotallabor supply ndt isdetermined
by the labor demanding aggregator firms.

Labor aggregator: The labor aggregator firm solves

1
. d
m}nj‘owzy,nzy,dz

"z,l

v

1 6%-1 0% -1
sin! SJO (nft) o dz
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From which the labor demand can be derived

where the aggregate wage is
= Loiev d 1-0%
w, W dz .

Given the labor demand, household members determine the wage that
maximizes the household utility taking into account there is a chance & of
not adjusting their wages in the next period.

0 i Al—o-T d .l+17
I
Wt =0 _Gr

’

0 147
subject to: N
. i % -
17t lw 0t dpg ity iy +St+z'pt+i A g g G
t+i 0 b+ "z i ¢ t+i-1 ¢ t+i-1 ¢ t+i-1 * t+i t+i t+i
t+i t+i L+i L+i
S ypf -
c t+il7t+1
(T2 e b dy + =200
t+i
_o%
w. .
d — Z,t+i d
nz,t+i _[ J nl+i
wt+i
wz,t+i - wz,t
The FOC for optimal wage:
0 Num,
L ¢
o e
0,-1 Den,,
1+y 1+y
wopt (_gw) " wo[)t (_gw) !
d
10/ Num, =y,| n| —— +Be,| | = Num,,
wl wt+l
wnpt (_gw) wopt (_ew)
m Den,, =2, nt| — +Be,| — Den,,
wl wt+1 N

Aggregate wage is defined by
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[12] (w,) ™ =2,(w,) " +(1-¢,) (w” )”w :

Unemployment: Labor participation by each household mem-

beris
(1=, 220

t

And the unemployment rate is

L, —n
ur, =4—",

which means that

4.1.2 Capital Goods Producers

These firms operate under perfect competition and each period buy
capitaland newinvestment goodsin orderto produce capital goods
thatare sold to entrepreneurs.

man éz =K Z(ﬂ Hl} (/’tl+z 1+i _zl;l 1+i (1 5)l'll+t T4i— 1]

{kt+i*"z+z'},'=o i

subject to:

m k., =’xt+i[1_5[ A JJJF(I 5) 1 +i-1
Xipio1

The optimality condition is

x 2
m p_t:,uK(l—S( ’xt J_ xt S,( ’xt j]""ﬁE ﬂ’ul ‘uK s!(‘xtﬂ J['XHIJ
c t t 1+1 ’
2 X ) X \ % A % %

where 1/ is the price of capital and ptc is the price of investment

goods. Production technology has adJustment costsala Christiano
etal. (2011), where
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—€

it
Sr(leJ: a [ % ! %

The aggregate investment good is obtained as a combination of
goods produced locally and imported,

My
n. -1 n,. -1 1
xt{(l—ax)nl(xf)% e (x/) ™ ]

Then the optimal demand for investment goods is

1s) < =(1-a, )[f’—] .

28
7\
1] ! =a(%j .
where
po_po P
2l ===/
o 2
p_p b
21 riiva v
el 2 A

4.1.3 Entrepreneurs
t

Demand labor (717) and supplylabor (ﬂ ) acquire capital from the
firm’s producers of capitaland for this use their resources (%, ) and
acquire debt from the financial system for CTtW .

ot _ K
22 o =k —nw, .
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Finalized the productive process theysellthe homogeneousgood
yl"‘Y to the firms producers of intermediate goods. During the pro-
duction process these firms face idiosyncratic shocks 25 that af-
fect their productivity and that might make that the entrepreneur
cannot be able to pay its debts. In this case the banks obtain a frac-
tion of the capital owned by the entrepreneur:

m ylha -, ((nld )Qn (n; )(1—Qn))<1—a) (k[71 )a (kl(il )a(}

The demand for household labor is determined by

w A
w=ta (1)l
[) n

t t

Remuneration is

w "
w =L (1-0,)(1-a)2
2 n;
The demand for capital depends on the expected return

m E(RK ):E{Tt}il(l—rﬁl)+ut’il(1_5) ’
t 1+1 i

'

where the marginal product of capitalis:

w t
b
t c
pt kt—l
and the entrepreneur’s wealth then evolves according to
nw, =V, +n,w’ ,
where
— pkK K K lot
m Vi=R p ik —E_ (Rt )Wt—l

are the net returns for unit of capital. Finally, the entrepreneurs
consume

(30] 1;7 ~(1-9)V,-

4.1.4 Intermediate Goods Producers

The firms buythe good produced by the entrepreneurat price f) , itis
differentiated atzero cost, and itissold to the final good producers at
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price p;, . Theyfaceimperfect competition with quadratic adjustment costs.
2

| D
”om E z( ’*l] p}f,t-%-l pt-H y t+i pt+z . L —1 _1
e (et 2\ B (2t ) (&)

subject to:

The optimal price condition is:

A b (ﬂj ([ nZ’J Jp,”
O 1 9 + f 9 7 ¥ 4 - —1 —
) P[( ) y b Ty T b
h h h
+BE [zﬂl ~[ﬂ-t;1 J[E(ﬂt_zlj_lj pl. ﬂthﬂ]
/l[ U T p;

where

h h
{ m, ] I,
b — t
h T —\1-
h
T (ﬂH)" (m) ™
h h
E(”Hl) ﬂt+1 .
h 11,
T L \n
(= )" (7)™

Finally, itis possible to find the relationship between the Rotemberg (1982)
adjustment cost and the Calvo (1983) price adjusting probability, following

_ g(0-1) -
Y-

4.1.5 Final Good Producers

This firm maximizes its benefit through the determination of the optimal
demand forinputs produced by the intermediate goods producers. The firm
profit maximization problem is:
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y nd 1 d ..
mﬁéﬂ}Xé =p'y —Iol?f,lyf,z qa,

Yy

a . . .
where ), are total final goods, ;b?,tprlce of each intermediate good
and y;"f isits demand.

The maximization is subject to

d 1 d E %
=[]

where 0 represents the degree of substitutability among the differ-
entinputs.
The demand for intermediate goods for final goods is

p
L(l = jot 4 .

The local goods price is
1
1 -6 \1iZo
o =(0 ()" i)

In equilibrium supply and demand of final goods should equal
and then follow this condition:

»o_ ILd
Yo T -

4.1.6 Financial System

The financial system of the economy operates under perfect com-
petition and banks are owned by the households. They make loans
to the entrepreneurs by taking deposits from the household and
loans from abroad.

lol _ *
34 o =cr e, -

Loansinlocal currency come from household deposits
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=,

Loans in foreign currency are funded with deposits in foreign
currency from the households and foreign debt (loans).

36| cn*=’[j‘d:+’pclbt-
b b

Total household deposits are

S X #
dttot =dt + t?it .
P

t
t

Deposits in foreign currency are aratio of total deposits.

3] ﬁdﬁ =a,(d") -
b
Given the banks can observe the idiosyncratic shock suffered by
the entrepreneurs only if they incur in monitoring costs, the opti-
mal contract offered by the bank stipulates jointly the amount of
the loan and the interest rate to be paid. This friction in the inter-
mediation process implies the loan interest rate includes a margin
sp, ) that depends on the value of the loan and the net wealth of the
entrepreneurs,

)
K _ t
E RHl - SPHI P

t+1

K v
0, {ktl HHJ _

nw, 4

The cost of funds follows the parity condition given by

l_tz[ﬁ/smp;lJ%
T P P )7

Bernankeetal, (1999) showthatthe optimal contract guarantees
the zero profit condition for the banks:

s

i s, | i i
b _ pK ot -1 11t -1 g% -1 7%
ét - R’ 67;_1 T d!—l - ¢ ¢ dt—l T bt—l

T, b\ us

4.1.7 Central Bank and Government

Central Bank: The Central follows this rule to achieve a the inflation
objective
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i, =iy )p‘y i 7;_7! g -

Totalinflation can be derived from relative prices

I3
T by
p;—]

Government: The government collects taxes, issuesbondsand has
expenditures represented by g; , and makes transfers to the house-
holds. Government collects taxes from consumption, income and
capital returns and follows a countercyclical fiscal policy with auto-
matic stabilizers, to ensure a stable debt to GDP ratio. The balance
is given by:

. 3
)
b, + Tax, =th;El+p—’cg, —tr¢
t pt
Taxes are
Tax, =t +t° +t"
given

¢
tt = T;c[

are consumption taxes,

L_ _L.d
L =1, nuw,
labor taxes

K _ _K k
=77 kt—l

and capital return taxes. Total expenditure includes operating
costs and investment

_ G G
=6 tx .
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The investment expenditure is transformed into public capital
that affects the entrepreneurs’ productivity,

K =x +(1-0% )Y,

Finally, it has a set of instruments (expenditure options and tax
rates) thatguarantee the fulfillment of b, = b . Thisrule follows Leeper
etal. (2010band 2010a). Additionally, the rule also includes a coun-
tercyclical response by the government pib, > pib .

o) _t—G (1 ’ o©
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h
58 pi, =Ly

4.1.8 Rest of the World and Aggregate Restrictions

Price of imported goods follows PPP, where the relative price of an

’
imported good in foreign currency [7,_ isassumed exogenous

t

po_sop
= nopob
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Exports depend on global consumption

ph (-u)
It

¢
60 exp,=| L | o
b
4
Theinterestrate charged on foreign debtdependsontherisk-free
rate ,arisk premium shock zf ,throughwhichare transmitted the

changesininternational monetary policy, and the relative size of the
stock of debt with respect to its long-term level (bt ) .

-
m l: = z_*zz* +(pbe([bt B )71]

Nominal exchangerate variationis defined by the real exchange

rate =
Stpt
62| P _mdev,
__ U
Sabia 7T,
P

Finally, acondition that guaranteesthelocal production demand
and supplyisimposed.

d
' = g, rexp el )

4.1.9 Exogenous Variables

m 2 = P2 +(1_pz )log(Z)-H:

65 ¢, =p‘* ¢, +(1 )log( *) ”* .

*
# i #

i o 2 i i*
Z, =P oz, tE

7 s f 7
p’—=p”f @+(1 Jlog b +8’]f
pz pt—l p

%

[=2]
S
*

=

n, = p”* T, +(1 - p”* )log(;*)+£,
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4.1.10 Product Ratios and Definitions

The following are product ratios.
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4.2 Calibration and Estimation

The model calibration was done using historical information from
the period 2000-2014, adjusting the parametersassociated with the
fiscalruleinordertoadjustthe government expenditure and invest-
ment. Also the local goods proportion in consumption and invest-
mentwere used toadjust the totalimports. The capital depreciation
and the capital participation in the production function were need-
ed toadjusttotal consumptionand private investment. The amount
of exportsis an equilibrium outcome coherent with the amount of
imports and foreign debt.

Inthe case of the governmentincome and debt, the valuesare ad-
justed using the historical effective tax rates. In order to adjust the
creditleveland the bank spread, the firms, leverage and spread elas-
ticity are used. The long-term value for the interest rate, inflation
and unemployment are adjusted using the Central Bank inflation
target, the discount factor and the elasticity of substitution of labor.

A preliminary estimation of the model is performed in order to
find the parameters that affect the model dynamics. Among the es-
timated values are the wage and pricerigidities, the persistence and
variances to the shocks as well as the adjustment costs. In order to
find these parameters the modelsuses the cyclical component of the
logarithm of the quarterlyseries of output, private, government and
total consumption, capital formation, exports, imports, local and
foreign inflation, nominal interest rate and finally the world total
output from 2000Q1 until 2014Q3. These are affected by a series of
possible shocks thatinclude shocks to government consumption, in-
vestment, government transfers, government consumption taxes,
government capital taxes, government labor taxes, monetary policy,
foreigninflation, foreign prices, international interest rate, foreign
demand shock, productivity shock. Following we present the priors
and posteriors obtained from the estimation process as well as the
calibration results.
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Table 4
ESTIMATION RESULTS

Parameters
Prior Post.
mean Pstdev  mean ~ 90% HPD interval ~ Mode S.D.
g, 050 B0.15 09127 0.8650 0.9580 0.9368 0.0234
g, 050 p0.15 0.3451 0.2196 0.4519 0.3581 0.0690
p, 050 B0.15 04952 0.3787 0.6148 0.5005 0.0676
p, 050 B0.15 0.5531 0.4512 0.6812 0.5880 0.0597
p’ 050 B0.15 09273 0.8808 0.9728 0.7566 0.0795
pc* 0.50 B 0.15 0.8290 0.7580 0.9061 0.8358 0.0466
pzi* 0.50 pB0.15 0.7486 0.6799 0.8143 0.6771 0.0815
P~ 050 B0.15 0.2821 0.1954 0.3989 0.0266 0.0144
p’f 0.50 B 0.15 0.9467 0.9206 0.9725 0.8833 0.0303
a 1.00 T 0.50 0.3311 0.2152 0.4370 0.3258 0.0748
Standard Deviation of the Shocks
Prior mean Pstdev  Post.mean ~ 90% HPD interval — Mode S.D.

0.013 T Inf 0.0264  0.0207 0.0325 0.0217 0.0058
0.013 T Inf 0.0098  0.0066 0.0125 0.0094 0.0017
0.013 T Inf 0.0110  0.0080 0.0140 0.0106 0.0017
0.013 T Inf 0.0053  0.0045 0.0060 0.0051 0.0005
0.013 T Inf 0.0042  0.0031 0.0054 0.0048 0.0011
0.013 ¢ Inf 0.0063  0.0029 0.0094 0.0535 0.0084
0.013 T Inf 0.0218  0.0166 0.0267 0.0217 0.0036
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Table 5

CALIBRATION RESULTS
Percentages

Aggregate demand Model Data 2000-2014
Household Consumption/GDP 58.34
Entrepreneurs Consumption /GDP 6.52
Total Consumption /GDP 64.86 66.16
Private Investment /GDP 12.78 15.59
Public Investment /GDP 4.48 4.48
Capital /GDP 7.10
Ord. Govt. Expenditure /GDP 15.40 15.40
Total Govt. Expenditure /GDP 19.88 19.88
Imports Consumption /GDP 12.57 12.00
Imports Capital Goods/GDP 6.65 7.00
Total Imports 19.22 19.00
Total Exports 19.53 43.06
Trade Balance /GDP 0.31
Foreign Debt/GDP 16.20 33.60
Government
Consumption Taxes/GDP 6.46 6.38
Labor Taxes/GDP 3.95 3.95
Capital Taxes/GDP 1.58 1.58
Transfers /GDP 8.58
Goverment Income /GDP 20.56 14.53
Government Primary Result/GDP 0.68
Govt. Debt Service /GDP 0.68
Central Govt. Debt/GDP 35.48 35.48
Financial sector
Total Credit/GDP 1.80 41.80
Local Currency Credit/GDP 20.16 21.90
Foreign Currency Credit/GDP 21.64 19.90
Local Currency Deposits /GDP 0.16 20.15
Foreign Currency Deposits /GDP 5.44 5.44
Total Deposits /GDP 5.60 2:(51Y
Leverage 1.60 2.11
Loan to Value 7.61
Spread Loan Interest Rates 10.00 10.04
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for sovereign risk shock; sh_inf_star for foreign inflation shock; sh_pf_star for foreign
prices shock; eps_w for concentration coefficient for labor market; and eps for
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Figure 2 (cont.)
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4.3 Impulse-response Analysis

This model allows evaluating the impact of unexpected shocks af-
fecting the Costa Rican economy through the use of impulse re-
sponse analysis. In this case the model shows the reaction over nine
selected macroeconomic variables (consumption, GDP, unemploy-
ment, wages, investment, real exchange rate, monetary policy rate
and inflation) from four different unexpected shocks to local and
internationalinterestrate, internationalinflation and finally inter-
national demand. This will allow us to evaluate the relative impor-
tance of the local monetary policy over the economy compared to
the effect of the international monetary policy.

4.3.1 International Monetary Policy Shock

Figure 3 shows the responses of the variables to an unexpected in-
crease in the international interest rate that a country faces either
because of the externalinterest or therisk premiumincrease. First,
consumptiondecreasesandinvestmentinthelocal economytoosince
itismore advantageousto justsave in foreign currency. Second, and
in contrast, GDP dropsand employment grows since the shockleads
a capital outflow that produces a depreciation in the real exchange
rate (through the uncovered interest rate parity) that pushes exports.
Inaddition, therisein the depreciation of the currencyis balanced
with anincrease in the domestic interest rate and the foreign debt.

Theriseinincome derived from the production of more exports
does not overtake the reduction derived from consumption and
domesticassets. Then, with lower levels of domestic savings and ex-
ternalfunds, financing supply contracts while entrepreneurial fun-
damentals weaken increasing firms financing costs.

4.3.2 Local Monetary Policy Shock

Figure 4 shows the responses of the variables to an unexpected in-
crease in the domestic interest rate, which has a contractive effect.
Therefore it reduces consumption and investment. The reduction
in consumption can be explained by the substitution effect between
current and future consumption. The decrease ininvestmentis due
to the fact that now the price of capital is lower and therefore also
discourages investing.

The total amount of savings of the economy rises even though
there isanet contraction of the domestic assets because this reduc-
tionisless than the drop in the GDP.
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Figure 3

IMPULSE RESPONSE SHOCK TO THE INTERNATIONAL MONETARY POLICY
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Figure 4
IMPULSE RESPONSE SHOCK TO LOCAL MONETARY POLICY
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Net exports also suffer a reduction as a result of the real appre-
ciation due to the interest rate differential. Consequently, with all
these effectsinflation is also lower.

4.3.3 International Demand Shock

Figure 5 shows the responses of the variables to an unexpected in-
creaseintheinternationaldemand. Inthis case, first, GDP grows and
employment increases since foreign demand is stronger. Second,
since theinternationalinterestrate hasnotincreasedyet, consump-
tionand investmentincreasein the local economyat the timesince it
ismoreadvantageoustosave inlocal currency. Additionally, the real
exchangerate decrease through the uncovered interest rate parity.

Figure 5
IMPULSE RESPONSE SHOCK TO INTERNATIONAL DEMAND
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4.3.4 International Inflation Shock

Figure 6 shows the responses of the variables to an unexpected in-
crease in the international inflation. In this case, the rise in the in-
ternationalinflation means that the international monetary policy
rate increases and therefore the external demand will decrease so
two seemingly contrary effectsare observed. First, consumptionin-
creases and investment in the local economy too because of advan-
tages to save in local currency. Second, and in contrast, GDP drops
and unemployment grows since foreign demand is weaker.

Figure 6
IMPULSE RESPONSE SHOCK TO INTERNATIONAL INFLATION
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Finally, it is important to mention that since this is a model that
depicts a small open economy it needs to have the best possible in-
tegration of the financial system if not the effects from the interna-
tional policyare justa consequence of the model selected and not of
the characteristics of the economy, just like mentioned by Justiniano
and Preston (2010). In this regard the model uses the international
interest rate as the channel to link the international financial sys-
tem to the local economy, where the financial system is allowed to
take deposits and giveloansin foreign currencyaswell as the house-
holds and entrepreneursare able to take advantage of both choices,
and therefore try to reduce the small open economy effect. Given
the results from both models are consistent we can assert the actual
importance of the international monetary policy over the Costa Ri-
can economy.

5. CONCLUSION

This paper finds thattheinternational monetary policy hasamajor
effect onthe CostaRican economywhichis consistent with CostaRica
beingisasmall open economy. Therefore external shocks play anim-
portant partin determining the dynamic ofthe economy. Given this
result, the inflation target regime, as well as the flexible exchange
rate provide importantflexibility to absorb externalshocks. Allthese
was done using firstaSBVAR model and then a DSGE formal approach
where both allow learning which policies are actually the most im-
portant determinants of fluctuations in the Costa Rican economy.

Finally, theauthorsrecognize thatthe modelneedstobeimproved
to integrate more sectors and characteristics of the Costa Rican
economy in order to depict a better picture of the reality; however,
we believe that the modelis complete enough toshowagood picture
ofthe effects of thelocaland international monetary policies which
is the objective of this paper.
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Abstract

This paper offers an empirical analysis of theway in which US unconvention-
almonetary policy has affected Latin American countries. First, we estimate
the effects of US monetary policy announcements on sovereign bond interest
rates, exchangerates, and stock market indices for a set of emerging countries,
including five Latin American economies. We found that QE announcements
in 2008 and 2009, andthetaperingtalkin 2013 generated sizable sovereign
yield and exchangerate fluctuations. We further find some excess response of
Latin American asset prices that disappear once we take into account their
country characteristics. In the second part of the paper we estimate a simple
model that measures the influence of country-specific macroeconomic funda-
mentals on the transmission of US financial disturbances. An estimated model
including theinflation rate, the CDS spread, theratio of official reserves, and
market capitalization explains some of the observed cross-country heterogene-
ity of spillovers from US monetary policy announcements. Under this model, a
greaterimpact from the normalization of US monetary policy can be expected
in Latin American relative to other emerging economies.
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1.INTRODUCTION

fterthe 2007-2008 global financial crisis, once central banks

inthe majoradvanced economies had used up conventional

instruments, these central banks resorted to new, uncon-
ventional monetary policytools to help improve the weak economy.
Thisunprecedented monetary policy reaction—-and, perhaps more
importantly, the perception that major central banks were firmly
committed to adopting any measure needed to preserve an orderly
financial intermediation-was instrumental in calming financial
markets. Against this background, from late 2009 until the begin-
ning of the tapering tantrumin the spring of 2013, emerging market
economies (EME) received a high volume of capital flows that ran in
parallel with asset appreciation and the reduction of interest rates.

The opposite movement occurred after the Federal Reserve’san-
nouncement in May 2013 that anticipated the end of expansionary
monetary policyinthe United States. There were sudden reversals of
capitalinflowsinseveral episodes between May 2013 and early 2014,
as market perceptions of the Federal Reserve’s intention to gradu-
allywithdrawits asset purchase program solidified. Capital outflows
from emerging markets during these episodesled to exchange rate
depreciations of emerging market currencies, increases in the risk
premia on their financial assets, and falls in their equity markets.

In this paper, we analyze the effects of US unconventional mon-
etary policy announcements on sovereign bond yields, exchange
ratesand stock market indicesfor 20 EMEs, including five from Latin
America,andwealso explore howthe transmission of such monetary
impulsesisinfluenced by country-specific variables, such as macro-
economic variables, market conditions, and the external position,
reflecting the countries’ fundamentals. Thus, we analyze spillover
effects by focusing on the reaction of the prices of financial assets.
But, admittedly, we disregard other dimensions of the internation-
al transmission of monetary policy, namely changes in quantities
(gross capital flows) and policy reactions.

This paper contributes toan already extensive literature which has
explored the effects of the new unconventionalinstruments, mainly
asset purchase programs in the United States. Anumber of papers
have focused on the impact of these programs on the US economy.
Although results differ across studies depending on their method-
ology, sample periods, and variablesanalyzed, anumber of general
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conclusions can be drawn. First, quantitative easing programs have
beensuccessfulinimproving financial conditions, sustainingactiv-
ity and mitigating deflation risks (IMF, 2013). There is an ample lit-
erature that quantifies the effects of balance sheet policies on asset
pricing (Gagnon etal., 2011, Meaning and Zhu, 2011, Neely, 2010,
Krishnamurthy and Vissing-Jorgenson, 2011, among many others)
and there is also some evidence, although admittedly scarcer, doc-
umenting the fact that asset purchases provided significant stimu-
lus to activity and counteracted disinflationary pressures (Chen
etal., 2012, for the US LSAP; and Kapetanios et al., 2012, or Joyce et
al., 2011, for the UK APF programs).Second, the effects of the sub-
sequent programs have been documented as being progressively
smaller (Krishnamurthy and Vissing-Jorgensen, 2011; and Bauer,
2012). Third, three main transmission channels of unconventional
monetary policy (UMP) measures are identified: the portfolio-balance
channel (increase in the demand for other riskier assets, reducing
financing costs), the signaling channel (reinforcement of the percep-
tionthat the monetary policystance willremainloose foraprolonged
period), and the confidence channel (increasing investors’ risk appe-
tite) (Woodford, 2012; IMF, 2013).

Withregardsto the analysis of cross-borderspillovers (especially
to EMEs) of unconventional monetary policy measures, the recentlit-
erature also offers some robust results. The overall picture provided
by this literature is that asset purchase programs (especially those
ofthe Federal Reserve) encouraged capital flows to EMEs, leading to
appreciations of their exchange rates, increases in their stock mar-
ketindicesand contractionsintheir creditspreads. Anumber of pa-
pers have focused on more specific features. Fratzscheretal. (2013)
documentthat LSAPI1 policiesinduced a portfolio rebalancing from
therest ofthe worldinto the US, in particularinto USbondslowering
theiryields. In contrast, LSAP2 policiestriggered arebalancing from
US funds into foreign funds, in particular EME equities. Bowman
etal. (2015) found that the effects of US unconventional monetary
policy on EMEs’ financial assets prices depend on country-specific
time-varying characteristics. Comparing the impact of conventional
and unconventional measures, Chen etal. (2014) found that uncon-
ventional monetary policies had larger spillovers than conventional
policiesand theyargue that this result is explained by structural is-
sues-related to the instruments used during the UMP period-and,
to a lesser extent, to weaker EME growth prospects. Gilchrist et al.
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(2014) also found a substantial pass-through of unconventional US
monetary policy to EME bond yields but with larger heterogeneity
than that observed in the transmission to advanced economies.

Finally, more recent papers have focused specifically on the cross-
borderimpact ofthe taperingtalk. Market reaction totalk of tapering
wasinitiallyindiscriminate during the bout of volatility in May-June
2013, although later some differential effectsrelating tofundamen-
talswere observed (Sahayetal.2014).In particular, Eichengreen and
Gupta (2013), and Aizenman et al. (2014) found that the impact was
greater in countries that had accumulated external vulnerabilities
in terms of currency appreciation and a deteriorating current ac-
countduringthe previous expansionary period, although liquidity,
market depth, and thesize ofinvestors’ holdingsalsoinfluenced the
magnitude of the spillover effects. Mishra et al. (2014), in keeping
with Bowman etal. (2015), showed that countries with stronger fun-
damentals, deeper financial markets, and atighter macroprudential
policy stance in the run-up to the tapering announcements experi-
enced smaller currencydepreciations and smallerincreasesin gov-
ernment bond yields. Sahay et al. (2014), reviewing the evidence of
the cross-borderimpact ofthe tapering period, conclude that those
countries that responded earlier and decisively to the initial taper-
ing announcements fared better in later episodes of volatility in in-
ternational financial markets.

This paper adds to this literature in two respects. Its first contri-
butionistoanalyze whether the impact of the USnonstandard mon-
etarypolicies on Latin American economies differs from the impact
on other EMEs. In this connection, there are reasons to expect that
Latin American economies might be more vulnerable to increases
inUSinterestrates. First, although many Latin American economies
havereducedtheirreliance on dollar-denominated debt, thisis still
higherthanin other EME economies. Second, financial interdepen-
dencies with the United States are particularly high within this re-
gion. Third, the main export products for most of these economies
are commoditieswhose prices oninternational marketsare setin US
dollars. Allthese factorssupportthelarge and significant responses
of Latin American macroeconomicvariables to USmonetary distur-
bances found in the literature in normal times (Canova, 2005) and
the higher estimated sensitivity of sovereign bond yields in Latin
Americato USyields during the taper tantrum episode (IMF, 2014).
Nevertheless, if the normalization of US monetary policy mirrors a
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better US growth performance, for those economies that are close
trading partners (for example, Mexico) the positive impulse from
stronger US growth is likely to counteract the impact of the rise in
USinterest rates.

The second contribution of this paper is to explore whether the
role of fundamentals in conditioning the responses in emerging
market economies to US unconventional monetary policy shocks
differs across different episodes. More precisely, country charac-
teristics were more decisive in explaining differences in the reac-
tion to QE announcements than they were in response to news on
the tapering process.

Taking together these two contributions, we want to test whether
theimpact of USnonstandard monetary policies on Latin American
economies differs from the impact on other EMEs and, secondly,
whether or not these differences remain once we control for fun-
damentals.

The remainder of the paperis organized as follows. InSection 2,
using a daily panel data sample for the period from October 2008
to April 2015, we first analyze the effects of US monetary policy an-
nouncements on sovereign bond yields, exchange rates, and stock
marketindicesfor 20 countries, including five from Latin America.
In Section 3, we explore whether the reaction of EME asset prices to
US monetary policy differs depending on country-specific charac-
teristicsand whether the impact on Latin American asset prices dif-
fersfrom that found for other EMEs. Section 4 summarizes the main
results of the paper and identifies some remaining issues.

2. EVENT STUDIES

This section presents an event study to show the effect of US policy
changes on emerging markets. We report the results for two-day
changes (from the day before to the dayafter) in foreign markets af-
ter monetary policyannouncements, assuming that economic news
does not affect the policy choice in that short period of time. The
daily datarun from October 1, 2008 to April 24, 2015. This isa sim-
ple alternative to VAR analysis that considers the asset price changes
in volatility (Wright, 2012) or in future interest rates (Gertler and
Karadi, 2015) to identify the monetary shocks within the period of
unconventional monetary policy. Thus, we refrain from differentiat-
inginthe announcementsbetween the impact effectand the signal
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about future policyintentions (Chenetal., 2014), and we simply con-
sider them as unanticipated events.

Our analysis covers three types of financial assets: 10-year sover-
eignbondsinlocal currency, bilateral exchangeratesrelative tothe
USdollar, and headline stock marketindices. AnnexIdescribesthe
datasourcesand definesthe variables, and AnnexII presentsasum-
mary of statistics. The sample includes the following 20 emerging
economies: Brazil, Chile, China, Colombia, Czech Republic, Hong
Kong, Hungary, India, Indonesia, Korea, Malaysia, Mexico, Peru,
Philippines, Poland, Singapore, South Africa, Taiwan, Thailand, and
Turkey. This countrysampleissimilarto others considered recently
in the literature but we will also present some robustness analysis.

Table 1 describes the selected set of official announcements and
speechesbythe Federal Reserve considered since the establishment
of unconventional policies in November 2008. The set of events in-
cludesannouncementsrelating to the first two large-scale asset pur-
chases (LSAP-1 and LSAP-2) in 2008-2009 and in 2010, the maturity
extension program in 2011 (MEP), the third LSAP (LSAP-3) in 2012,
the so-called tapering tantrumin May-October 2013 and the official
tapering period of asset purchasesfrom December 2013 to October
2014.Besidesthese QE eventswe also consider statements on forward
guidance policy and some speeches by chairman Bernanke that
could prompt potential market reactions.

Figure 1 shows the time series for the aggregate index for EMEs,
Latin American and US sovereign yields (panel A) and stock mar-
ket prices (panel B), along with the aggregate index for EMEs and
Latin American exchange rates with respect to the US dollar (panel
C). This figure provides some insight into the relationship between
US unconventional monetary policy phases and EME financial asset
prices. First, a co-movement between US sovereign yields and EME
(and Latin American) yieldsis observed, and itis clearerinthe case
ofthe LSAP-1 and tapering periods.Second, the relationship between
US unconventional monetary policy measures and EME stock mar-
ket pricesand exchange ratesisless clear. Third, the series of Latin
American financial asset prices display wider fluctuations than the
corresponding aggregate EME series.

Figure 2 shows the time series for the aggregate capital inflows
for differentregions. In the aftermath of the global financial crisis,
capital flows displayed a steep upward trend in most emerging mar-
ketregionsand particularlyin Latin America, while theincreasein
advanced economies was less marked.
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Table 1

LIST OF RELEVANT FOMC MEETINGS AND EVENTS:

Nov 25, 2008

Dec 1, 2008
Dec 16, 2008
Jan 28, 2009

March 18,
2009

Aug 10, 2010

Aug 27, 2010

Sep 21, 2010

Oct 15, 2010

Nov 2, 2010

Aug 09, 2011

Aug 26, 2011

NOVEMBER, 2008 TO OCTOBER, 2014
First Large Scale Asset Purchase (LSAP)

Announcement The Federal Reserve announces
the purchases of MBS backed by
government agencies, and the
creation of TALF

Speech (Austin) Bernanke hints future Treasury
purchases

FOMC statement The Federal Reserve cuts the target
federal funds rate to zero

FOMC statement The Federal Reserve announces the
PDCF, the TLSF and the AMFL

FOMC statement The Federal Reserve extends its
purchases of MBS and announces
that it will start to purchase Treasury
securities

Second LSAP

FOMC statement The Federal Reserve announces it is
willing to buy long-term Treasury
securities through reinvestment of
payments of its MBS

Speech Bernanke’s speech at Jackson Hole
(Jackson
Hole)

FOMC statement According to the FOMC, the short term
interest rate will stay at low levels for a
long period of time

Speech According to chairman Bernanke, new
(Indiana) measures might be necessary

FOMC statement The Federal Reserve decides to
purchase additional 600 billions
of dollars of long-term Treasury
securities

Maturity Extension Program (MEP)

FOMC statement According to the FOMC, the short term
interest rate will stay at low levels for a
long period of time and will take new
measures if necessary

Speech Bernanke’ s speech at Jackson Hole
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Sep 21, 2011

Aug 22, 2012

Aug 31, 2012

Sep 13, 2012

March 20,
2013

May 01, 2013

May 22,
2013

Jun 19, 2013

Jul 11,2013

Oct 30, 2013

Dec 18, 2013

Sep 17, 2014

Oct 29, 2014

The Federal Reserve announces its
Maturity Expansion Program

FOMC statement

Third LSAP
FOMC minutes The Federal Reserve will take new
measures
if necessary
Speech Chairman Bernanke suggests new QE
(Jackson
Hole)

The Federal Reserve announces new
quantitative easing

FOMC statement

Events in 2013

FOMC statement The Federal Reserve will continue its
accommodative monetary policy until
certain goals of unemployment and

inflation are reached

FOMC statement FOMC: accommodative monetary policy

will be held for a long period of time
Taper Talk Period

FOMC minutes
and testimony

FOMC
statement

Bernanke suggests the end of
expansive monetary policy

The Federal Reserve suggests that
tapering could begin next year

FOMC minutes
and speech
(NBER)

Bernanke says that the central bank’s
easing of monetary policy would
continue for the foreseeable future

The Federal Reserve decides to
continue its accommodative monetary
policy

Tapering is officially announced

FOMC statement

FOMC statement

Events in 2014

FOMC statement Announcement of policy normalization
principles and plans

FOMC statement Concluded tapering period. Starts

indefinite forward guidance
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Figure 1
EMERGING MARKET ASSET PRICES AND US FINANCIAL VARIABLES
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Figure 2

EMERGING ECONOMIES: CAPITAL INFLOWS
CHANGING DISTRIBUTION (2004-2013)
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2.1 Emerging (and Latin American) Market Reactions

The standard event-study specification to test the impact of uncon-
ventional monetary measures would be:

25
n Ay, =E, I:Ayit—l:'+2ﬂj *D;+g,,
=

where Ay, , is the change in the financial variable of interest,

E, [Ayi,_l] denotes the expected change in this variable in ab-
sence of shocks, and ﬁj is the coefficient associated with the dum-
my of each unconventional policy announcement (D;).However,
in our analysis we focus on the impact of these announcements at
high frequency (daily data), which limits the possibility to control
forrealvariablesthatare notavailable at thatfrequency. Moreover,
in practice, the inclusion of different sets of controlsinfluence very
modestly the magnitude of the f; coefficient (see Fratzscheretal.,
2013). For these reasons, we estimate a simplified version of Equa-
tion 1, removing the expected change.
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Tables 2, 3 and 4 report the two-day changes in sovereign yields,
exchangeratesand stock prices, respectively, around the 25 selected
datesoftheannouncements.' Asareference, in each Tableweinclude
afirst column thatreportsthe estimated changesin the USvariable, a
second columnwith the changesin the correspondingaggregate EME
index, and athird columnwith the responsesinasimilaraggregate
LATAM index. The fourth and fifth columns report the coefficients
for aregression that considers as dependent variables each of the
assets not only with time variation but also with country variation:

25 25

2] Ay, =0+ B, *D;+ >y, *Lat*D, +¢,,
j=1 j=1

where o, is a country fixed effect, f; is the coefficient associated
with the dummy of each event (D)) and y; refers to the interaction
coefficient of the event dummy with a LATAM dummy (Lat). Thus,
the coefficients reported in column 4 (,B].) represent the average
change ofthe dependentvariableatdate jforanon-Latin American
country, while the sum of the coefficientsreported in columns 4 and
5 (ﬂj + yj) represent the average change of the dependent variable
at date j fora Latin American country.?

United Statesyields (first column in Table 2) dropped significant-
lyaround the first LSAP announcements, except for the January 28,
2009 event, at which time yields rose. Fluctuations in US yields are
smaller and less significant around the second and third LSAP, and
they are again significant around two of the MEP announcements.
Finally, the onlysignificant reversal event with respecttoyieldsis on
June 19, 2013, when the FOMC suggested that tapering could begin
in 2014. Other USassets such as the stock marketindex (reported in
Table 4) show more mixed results. The number of significant events
is lower and in some cases a fall is observed after the expansionary
QEannouncements.

Looking now at foreign assets, the changesin the EME aggregate
yield index (GBI-EME in column 2, Table 2) are less uniform and of

The results for one-day and seven-day windows around events do not differ
much from those reported in the tables, and similarly when we consider for
Asian asset prices opening times in /+1.

It is worth mentioning that the sample includes only five Latin American
countries (the five largest inflation targeters in the region). For this reason,
the results should not be extrapolated to other economies of the region, that
in many cases have very different characteristics.
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alower magnitude. Asin the case of the United States, the most sig-
nificant events are those around the LSAP-1 and the tapering. The
changesin EME exchangeratesand the stockmarketindicesarerel-
evant around the same dates, although in general with a lower sig-
nificance. The results for the LATAM aggregateyield index (column
3in Table 2) are similar and, in general, of a larger size. The differ-
entresponse of assets has already been reported by, among others,
Bowman et al. (2015).More generally, the decreasing effect of the
different QE programs has been documented in the US economy (e.
g., Krishnamurthyand Vissing-Jorgensen, 2011) and internationally
(e.g., Fratzscheretal., 2013).

The last two columns in Table 2 allow us to see the significance of
country variability and to test whether the movements in sovereign
yieldsaround therelevant events differin the Latin American coun-
tries with respect to other emerging market economies. EMEyields
decreased on average 20 basis points within the LSAP-1 period. We
also find that after the first LSAP announcements the yields of the
Latin American countries fell more than did the whole sample of
emerging economies, and that these differences were highlysignifi-
cant for the December 2008 announcements.”

The decreasing effect of subsequent QE programs in EME econ-
omies is clear since the movements in yields are not significant be-
tween 2010 and 2012. The only exception is the August 2011 FOMC
meeting, prior to the launching of the maturity extension program
(MEP) withahigher LATAM effectafter Bernanke’s 2011 Jackson Hole
speech. By contrast, when Operation Twist waslaunched in Septem-
ber 2011, the effect was the opposite, with a significant differential
effect for Latin America. Finally, during the tapering period, yield
increases were found around the relevant dates of May and June
2013. The size of the yield change was similar to the one during the
LSAP-1 period and the reaction for Latin American countries was
significantly higher in June.*

Amonetaryshockthatlowers USyields also generates anapprecia-
tion of the EME currencies (Table 3) and anincrease in the stock mar-
ket indices of the EME economies (Table 4). Contrary to Fratzscher
etal. (2013) results, we donot find evidence of asignificant US dollar

®  The pvalue for the coefficient capturing the differential effect for Latin American

economies to the FOMC statement in March 2009 extending the first LSAP was
0.14.

The pvalue for the coefficient capturing the differential effect for Latin American
economies to Bernanke’s testimony in May 2013 was 0.11.
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appreciation duringthe LSAP] period and that would supportaport-
folio rebalancing out of EME assets into US assets.

Interestingly, the EME movements in exchange rates and stock
markets are more significant when the cross-country dimension of
the datais taken into account than when looking to aggregate indi-
ces, and we found more significant events for the EME coefficient with
these two assets than with the yields. But again the LSAP-1 and the
Tapering periods are the most significant. For example, the LSAP-1
caused, onaverage, adollar depreciation of 1%-2% and a stock mar-
ket increase of 2%.° Nevertheless, other events did not have the ex-
pected sign coefficient. In the case of exchange rate fluctuations,
the depreciation after the June 2013 FOMC announcement of taper-
ing was significantly greater in Latin America. This same pattern
was also observed around the March 2009 LSAP-1 announcement,
butin this case LATAM and aggregate EME moved in opposite direc-
tions. The MEP announcementin September 2011 had asignificant
negative impact on equity markets internationally and induced a
cross-countryrebalancing on bonds, especially out of LATAM yields
and into US bonds that appreciated the dollar significantly, par-
ticularly against LATAM currencies. After the October 2014 FOMC
meeting, when the tapering process concluded and an indefinite
forward guidance policy was announced, the aggregate LATAM ex-
changerateagainstthe USdollarappreciated. Thus, it seems that LA-
TAM exchange rates were more sensitive to some of the US monetary
shocks. Onthe contrary, thereisno evidence of asignificant higher
stock market response for the Latin American countries, with the
exception of the announcement on August 9, 2011, when the FOMC
assured thatinterest rates would remain exceptionally low over the
period to mid-2013.

Insum, asimple time series analysis of USunconventional mone-
tarypoliciesshows that they have had amore significant effectacross
EMEasset pricesafter the LSAPI (2008-2009) and the tapering (2013)
periodswith some excessresponse by LATAM assets. Comparing the
three asset prices, the exchange rate is the variable which has more
significant events, consistently with the relevance of the exchange
rate channelin the transmission of monetary shocks to EME econo-
mies (Taylor, 2013).

® When the regression analysis was repeated, eliminating the five countries with
higher per capita income, the significant events and their coefficients remain
very much the same.
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3. TRANSMISSION OF US MONETARY POLICY

This section examines the role played by country characteristics in
financial market reactions to the Federal Reserve’s policy actions.
We first make use of the previous event study framework and ana-
lyze differences in transmission between the previously identified
positive and negative events. In the second part, we study country
heterogeneity in a monthly panel data set-up modeling a specific
transmission channel. In both cases, we test whether or not Latin
American countries follow different patternsin response to the ex-
ogenous policy announcements relative to the sample of emerging
market economies (EMEs).

The country characteristicsare detailed in AnnexI. They can be
classified in four categories:

1) macrofundamentals: GDP growth, inflation, and public debt/
GDP;

2) financial market conditions: CDS spread and the policy inter-
estrate;

3) external conditions: reserves,/GDP, currentaccount/GDP, ex-
ternal debt/GDP, short-term external debt/GDP, net banking
position /GDP, portfolio flows/GDP, nominal exchange rate
deviation, and the accumulated change in the real exchange
rate; and

4) structural characteristics:anindex of financial openness; ex-
ports to the United States/GDP and stock market capitaliza-
tion (relative to GDP).

Notethatamongthe external conditionswe have included two ex-
changerateindicatorsthatmeasure the competitiveness gainsinthe
mostrecent period, whileamongthe structural variables we have in-
cluded stock market capitalization asa proxy of financial marketssize.

Some of these characteristics may represent country vulnerabil-
ities in the sense that the market reaction of those country assets
could besstrongerinresponse to an exogenous shock. Othersrepre-
sent country strengths and the market reaction to the US monetary
policy announcement might be negatively correlated with them.
However, for variables that measure the level of financial and real
integration as well as the change in competitiveness, the effect may
be more uncertain.
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3.1 Market Reaction and Country Characteristics:
Sample of UMP Events

We initially estimate a set of regressions by pooling the previously
identified 25 policy events across the 20 EMEs. The dependent vari-
able Ay, isthe two-day change for one of three financial asset prices
considered in country iand event date j. The explanatoryvariables,
besides the countryfixed effect, include each of the country charac-
teristics (CCiH ), adummyvariable (D]‘) fortheselected eventsthat
were significant (positively or negatively) in the previous time-series
regression, and the interaction between the significant event dum-
miesand the countrycharacteristics. The specificationisas follows:

B Ay, =0, + D} +yCC, , +6D;CC

i1 T &

The regression with positive events includes three LSAP-1 dates
that became significant across EME or LATAM economies in regres-
sion 2: November 25, 2008; December 16, 2008;and March 18,2009.
Andtheregressionwith the negative events considers the twosignifi-
canteventsduringthe taperingtalk by the Federal Reserve: May 22,
2013;and June 19, 2013.All the characteristics are lagged one month
to avoid correlation with the error term.

Table 5 presents the regression results for changes in sovereign
yields. For each of the country characteristics, the left-hand side of
the Table reports the estimated coefficients for the regression with
the dummy variable under the significant LSAP-1 events and the in-
teraction of the dummywith the characteristics. The right-hand side
of the Table reports the regression results under the significant ta-
pering events.®

First, the dummyvariable for most of the country characteristics
is significant and has a negative effect for the LSAP-1 events (reduc-
ingyields) and a positive effect for the tapering events (increasing
yields). The exceptions are the dummy coefficients when including
the inflation rate, the policy rate, and the CDS, since those charac-
teristics are very much correlated with the countries’ bond yields.
In general, the significance around these events, their sign, and
magnitudeis consistent with the average event estimatesin Table 2.

5 We do not report the general vulnerability coefficients since we are only inter-
ested in the effects around the significant policy events.
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Table 5

EFFECT OF THE LSAP-1 AND THE TAPERING TALK PERIODS
ON EMERGING MARKET YIELDS AND THEIR RELATION
TO COUNTRY CHARACTERISTICS

Macroeconomic variables

GDP

Inflation

Debt

Market conditions
Policy rate

CDS

External variables

Current account
to GDP

Reserves to GDP
External debt to GDP
Portfolio flows to GDP

Net banking position
to GDP

Exchange rate
deviation

Real exchange rate
Structural variables

Market size
(capitalization
to GDP)

Real integration

(exports to US to GDP)

Ay, =a; + BD; +yCC,, +6D;CC, , +¢,
LSAP-1 Period Tapering Talk Period

Dummy Dummy*CC Dummy Dummﬁ *CC

) S B 1) N
-0.181¢ -0.006 0.234¢ -0.007

0.063 -0.042¢ 0.120° 0.019
-0.236¢ 0.001 0.262¢ -0.001
-0.030 -0.018" 0.199¢ -0.001

0.112 -0.001¢ 0.104 0.000
=0.209¢ 0.012¢ 0.203¢ -0.012°
-0.314¢ 0.004¢ 0.266¢ -0.002
-0.303¢ 0.003¢ 0.234¢ -0.000
-0.217¢ -0.001 0.222¢ 0.004
-0.208¢ 0.002 0.210¢ -0.005°
-0.196¢ 0.000 0.202¢ 0.001
-0.188¢ -0.001 0.196¢ 0.003
-0.215¢ 0.032 0.220¢ 0.000
-0.223¢ 0.004 0.189¢ 0.003
-0.187¢ 0.025

Financial integration
(Chinn Ito index)

Notes: This Table reports the set of regressions, pooling the 25 policy events

across the 20 EMEs. Each line contains the regression results for one of the country
characteristics (CC) and the corresponding event period. In the LSAP1 period the
dates considered are November 25, 2008; December 16, 2008; and March 18, 2009.

In the tapering talk period the dates are May 22, 2013; and Junel9, 2013. The general
country characteristics coefficients are not reported. *, > and © represent significance at
the standard 10, 5 and 1 percent confidence levels.
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Asecondresultisthatanumberoftheinteraction coefficientsare
significantunderthe LSAP-1, whereas theyare notsounderthe taper-
ing events. Thus, we can saythat onimpact, the taperinghad amore
indiscriminate effectacross EMEs whereas the LSAP-1 had a differen-
tial effect across countries depending on the country characteris-
tics. Duringthe LSAP-1 period, countrieswitha higherinflationrate,
higher CDSspread, and higher policyrateyields responded more to
the US monetary shock, whereas countries with higher current ac-
count surpluses or higher reserves yields responded less. The size
ofthese effectsisnon-negligible: A one standard deviation increase
in CDS (92.4 bp), the inflation rate (2.9%) and the policy rate (2.8%)
implies an additional reduction in sovereignyields after LSAP-1 an-
nouncements of 12 bp, 9bp and 5 bp, respectively, while a one stan-
dard deviation increase in the reserves to GDP ratio (28%) and the
currentaccountto GDPratio (6.28) impliesanincreaseinsovereign
yields after LSAP-1 announcements of 11 bp, and 8 bp, respectively.
There is also a significant variable, the external debt that does not
affectyields with the expected sign when interacting with the LSAP-
1 events. Stock market capitalization hasa positive sign, indicating,
in this case, that large markets reacted less to the external shock,
butitis notsignificant.

Theresultsare even stronger when the dependent variable is the
change in exchange rates (see Table 6).In all the cases the dummy
for the LSAP-1 event is significant, indicating the relevance of this
variable in the transmission of monetary policy shocks. There are
three countrycharacteristics thatinteract significantlywith the first
set of unconventional Fed policies, which were also significant in
theyieldsregression: the domestic policyrate, the currentaccount,
and the reserves. Now the interaction with the public debt instead
of the inflation rate becomes significant and the external debt has
the expected sign. Moreover, two of the structural variables are sig-
nificant: the market capitalization and the share of exports. Again,
most of the country characteristics are not significant when inter-
acting with the tapering period.

Therefore, we have found significant coefficients for some coun-
trycharacteristics thatare consistent with differential effects of the
LSAP-1 measures depending on variables proxying vulnerabilities
and strengths of these economies. However, the asset price respons-
esaround the first two months of the tapering processare consistent
with the indiscriminate impact of the earlier eventsin this process,
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Table 6

EFFECT OF THE LSAP-1 AND THE TAPERING TALK PERIODS
ON EMERGING MARKET EXCHANGE RATES AND THEIR
RELATION TO COUNTRY CHARACTERISTICS

Ay, =a;+BD; +yCC,_, +6D;CC, , +¢,
LASP-1 period Tapering talk period

Dummy — Dummy*CC ~ Dummy  Dummy*CC

(B) (6) (8) (4)

Macroeconomic variables

GDP -1.686¢ 0.043 1.716¢ -1.172°
Inflation -1.366¢ -0.032 0.854" 0.064
Debt -0.851° -0.0153* 0.557 0.011
Market conditions
Policy rate -0.920° -0.121° 0.814 0.092
CDS -1.481¢ -0.001¢ 0.358 0.005
External variables
Current account to GDP  —1.633¢ 0.076¢ 1.158¢ -0.043
Reserves to GDP -2.042¢ 0.017° 1.575¢ -0.013¢
External debt to GDP -0.705° -0.036¢ 0.745 0.013
Portfolio flows to GDP -1.849¢ 0.038 1.179¢ 0.055
Net banking position -1.704¢ -0.014 1.284¢ -0.003
to GDP
Exchange rate -1.433¢ 0.015 1.042¢ 0.025
deviation
Real exchange rate -1.871¢ 0.007 1.326¢ 0.006
Structural variables
Market size -1.723¢ 0.243* 1.305¢ -0.136*
(capitalization to
GDP)
Real integration -2.058¢ 0.076* 0.992¢ 0.024

(exports to US to GDP)

Financial integration -1.426¢ -0.154
(Chinn-Ito index)

Notes: This Table reports the set of regressions pooling the 25 policy events
across the 20 EMEs. Each line contains the regression results for one of the
country characteristics (CC) and the corresponding event period. In the LSAP1
period the dates considered are November 25, 2008; December 16, 2008;

and March 18, 2009. In the tapering talk period the dates are May 22, 2013;
and June 19, 2013. The general country characteristics coefficients are not
reported.?, " and “ represent significance at the standard 10, 5 and 1 percent
confidence levels.
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although market differentiation was gradually becoming more rel-
evant later on (Sahay et al., 2014).Nevertheless, these results differ
from Mishraetal. (2014) since they find that the impact of the taper
talk was significantly related to macroeconomic fundamentals.”
Next, we examine whether there are additional specific Latin
American effects besides those captured by the country character-
istics. To that end, we repeat the estimation of Equation 3, adding
an interaction effect with a Latin American dummy (Lat) for each
ofthe previousvariables considered. The specification is as follows:

Ay; =a; + BD; +yCC,, +6D;CC;_ +nLaiD; +

+ALatCC,_, + pLatD;CC, _, +&,.

The estimation results for Equation 4 with sovereignyieldsasthe
dependent variable and under the relevant LSAP-1 events are pre-
sented in Table 7.8 Asin the previous regression, we find a negative
and significant dummy effectaround those policy events, and their
interactions with the country characteristics remain significantand
with the expected sign for the same variables: inflation, CDSspreads,
policy rates, reserves, the current account and the market capital-
ization. But the interaction of the LSAP-1 event and the Latdummy
isnotsignificant in most cases, and a similar result holds for the re-
gression with the dummy for the tapering talk events and the inter-
action with the Latdummy.

We consider the above regression results as evidence of the re-
jection of anindependent effect coming out of the Latin American
economies, once the countrycharacteristicsare taken intoaccount
to explainthe EME country heterogeneitywhen facing US monetary
policyshocks. That spillover result qualifies the excess response on
LATAM asset prices found in the event study section.

This difference with the results in Mishra et al. (2015) might be explained by the
higher number of significant events identified in their case over the tapering
process.

The magnitude of the effects is similar to that of the results reported in Table
5.
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Table 7

EFFECT OF THE LSAP-1 ON EMERGING AND LATIN AMERICAN
ECONOMIES YIELDS DEPENDING ON THEIR COUNTRY

CHARACTERISTICS

Ay, =a;,+BD;+yCC,, +6D;CC,, +nLaD; + ALatCC,, + pLatD;CC, _, +¢&;,

Macroeconomic variables

GDP

Inflation

Debt

Market conditions
Policy rate

CDS

External variables

Current account
to GDP

Reserves to GDP
External debt to GDP

Portfolio flows
to GDP

Net banking position
to GDP

Exchange rate
deviation

Real exchange rate
Structural variables

Market size
(capitalization
to GDP)

Real integration

(exports to US
to GDP)

Financial integration
(Chinn-Ito index)

Dummy Dummy*CC  Dummy*Lat ~ Dummy*Lat*CC
(8) (5) (1) (P)
-0.167¢ -0.010 -0.079 0.024
0.076 -0.048¢ -0.329 0.067°
-0.300¢ 0.001 0.246" -0.005*
-0.016 =0.029¢ -0.027 0.025
0.139 -0.001¢ -0.313 0.002"
-0.230¢ 0.013¢ 0.029 -0.011
-0.360° 0.004¢ 0.026 0.005
-0.338¢ 0.002 0.041 0.003
-0.233¢ -0.003 0.017 0.021
-0.235¢ 0.002 -0.001 -0.009
=0.249¢ 0.001 0.184¢ -0.002
-0.190¢ 0.001 0.010 -0.003
-0.222¢ 0.026 -0.114 0.518%
-0.281¢ 0.021° 0.109 -0.024"

-0.201¢ 0.0186 -0.002 0.05

Notes: this Table reports the set of regressions pooling the 25 policy events across
the 20 EMEs. Each line contains the regression results for one of the country
characteristics (CC) and the corresponding event period. In the LSAP1 period the
dates considered are November 25, 2008; December 16, 2008; and March 18, 2009.
The general country characteristics coefficients are not reported.?, " and ° represent
significance at the standard 10, 5 and 1 percent confidence levels.
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3.2 Channels of Transmission

Thissection estimates asimple model for the transmission of uncon-
ventional US monetary policy. The objective is to analyze whether
the observed asset price responses for EME economies found in the
event study (Section 2) correspond to the implied model response.
We adopt the specification of Bowman et al. (2015) , which dis-
tinguishesthe monetary policy effect through US ten-year sovereign
yields (A YUS) and high-yield corporate bond (AY,;],S) spreads:

sout

Ay, =0+ (B, + BCC,y ¥ AYE + (1, +7,CC ¥ AV +87, 42,

Thuswe characterize for the transmission of USmonetaryshocks
through the interest rate channel (AYsgj) and the risk channel
(AYh’;f) that has been found for the US economy at the zero lower
bound (e. g., Rogersetal., 2013). The specification considers how
international spillover differences may depend on the country char-
acteristics (CCiH ), consistent with the evidence presented in the
previoussection around policy events. The specification balsoin-
cludes aset of control variables (Z,) to explain the changes in EME
asset prices: the VIXindex, the change in commodity price index,
and the change in the return on the S&P500 index. The model is
estimated with monthly data for the period from October 2008 to
December 2014.

The estimation results, including one country characteristic at
atime, foryields, exchange rates, and the stock market index are
reported in Tables 8, 9 and 10, respectively. We report the coeffi-
cients of the interactions of the country characteristics with the
changesinboth USsovereignyieldsand high-yield corporate bonds
(B, and y,), and their significant value. Later on (Table 11) we re-
portthejoint estimation results for the sovereignyields including
aset of country characteristicswith the highest explanatory power.

In the panelregression of EME sovereignyields (Table 8), infla-
tion is the only macroeconomic variable with significant interac-
tions. Countries with higher inflation are experiencing a higher
response to fluctuations in US sovereign yields and in high-yield
bond spreads. But we do not find a similar result for the public
debtratio or GDP growth. Agents seem to be more concerned with
therealreturn of their investments, which may explain the signifi-
cance ofinflation. The market conditions measured by a high CDS
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Table 8

REACTION OF EMERGING MARKET YIELDS TO US
FINANCIAL VARTABLES

Ay, =+ (ﬁ1 +B,CC ) *AY,, + (Vl +7,CC,

sovt it-1

JravE 7,46,
US sovereign US high yield

yield spread
(5.) (r) R gin

Macroeconomic variables
GDP 0.000 -0.010 0.01
Inflation 0.137¢ -0.048¢ 6.16
Debt 0.002 0.001 0.26
Market conditions
Policy rate -0.176¢ -0.029¢ 10.96
CDS 0.005¢ -0.001¢ 10.40
External variables
Current account to GDP -0.043¢ -0.014¢ 3.63
Reserves to GDP -0.011¢ -0.004¢ 4.42
External debt to GDP -0.001 0.001 0.39
Portfolio flows to GDP -0.057* -0.016¢ 1.56
Net banking position to GbP  -0.010° -0.004¢ 2.33
Exchange rate deviation 0.010 0.003 0.99
Real exchange rate -0.000 0.004 0.49
Outstanding international -0.029 -0.017¢

debt
Structural variables
Market size (capitalization -0.222¢ -0.031¢ 1.59

to GDP)
Real integration (exports -0.281¢ -0.009 0.88

to US to GDP)
Financial integration (Chinn  -0.201¢ 0.001 0.00

Ito index)

Note: Ay, is the one-month change in each EME sovereign bond yield. *, » and
 represent significance at the standard 10, 5 and 1 percent confidence levels,
where standard deviations were corrected by panel data Newey West.
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spread orahigh policyrate also positively affect the response to US
fluctuations since they may be proxies for financial risk. Four out
of the seven external variables considered are significant: the cur-
rentaccount, reserves, portfolioflows, and the netlending banking
position all measure the strengthening of the external position of
the country and consequently reduce the variability of yields to US
shocks. The external debt to GDP does not prove to be significant.’
Similarly, a positive nominal exchange rate deviation fromitslong-
run baseline or the last year’s cumulative real appreciation reflect
vulnerability and cause larger changes in yields, but they are not
significant.

We also obtained that out of the three structural variables only
market size is relevant. As in the previous event regression, a big-
ger market size, and thus a more liquid financial system, reduces
the response of yields to a financial shock.

Table 9 presents the estimation results for the panel data model
withthe EME exchangerates. Anincreasein the bilateralrate against
the dollar represents a depreciation of the EME currency. Interest-
ingly,asimilar group of countrycharacteristicsto theyields equation
affectthe exchangerate fluctuationsinasignificant way. Higherin-
flation, higher policyrates, lowerreserves, alower currentaccount,
and alower market capitalization depreciate the exchange rate more
afteranincreasein USsovereignyields orin high-yield spreads, and
Table 10 shows the estimation results for the EME stock market re-
turns. The number of significant country characteristics is smaller
and the risk channel plays a more important role in this case.

9 Non-financial corporations’ external debt has risen after the global financial

crisis in many EMEs. The interaction of that variable in regression 4 was signifi-
cant, but with the sign opposed to the expected one.
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Table 9

REACTION OF EMERGING MARKET EXCHANGE RATES
TO US FINANCIAL VARIABLES

Ay, =+ (ﬁ1 +B,CC ) *AY,, + (Vl +7,CC,

sovt it-1

Us
)*AYW +Z, +¢g,

US sovereign  US high yield

yield spread
( ﬂQ) (72) R? gains

Macroeconomic variables
GDP -0.058 -0.028 0.09
Inflation 0.314¢ 0.130¢ 1.67
Debt -0.008 0.008 0.39
Market conditions
Policy rate 0.260 0.127¢ 1.51
CDS 0.008" 0.004¢ 2.00
External variables
Current account to GDP -0.154¢ -0.096¢ 3.25
Reserves to GDP -0.044¢ -0.029¢ 4.06
External debt to GDP 0.027 0.016> 1.36
Portfolio flows to GDP -0.200° -0.047 0.33
Net banking position to GDP -0.025 -0.0125¢ 0.30
Exchange rate deviation -0.010 0.002 0.03
Real exchange rate -0.037 -0.021 0.25
Outstanding international -0.185¢ -0.106¢

debt
Structural variables
Market size (capitalization -0.333¢ -0.240¢ 1.39

to GDP)
Real integration (exports -0.123 -0.052 0.50

to US to GDP)
Financial integration (Chinn -0.244 -0.035 0.13

Ito index)

Note: Ay, is the one-month depreciation rate of each EME currency with
respect to the US dollar. ¢, * and “ represent significance at the standard 10, 5
and 1 percent confidence levels, where standard deviations were corrected by
panel data Newey West.
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Table 10

REACTION OF EMERGING MARKET STOCK INDICES
TO US FINANCIAL VARIABLES

Ay, = o, + (ﬁl +B,CC ) *AY,, +(}'1 +7,C

Macroeconomic variables
GDP

Inflation

Debt

Market conditions

Policy rate

CDS

External variables

Current account to GDP
Reserves to GDP

External debt to GDP
Portfolio flows to GDP

Net banking position to GDP
Exchange rate deviation
Real exchange rate
Outstanding international debt
Structural variables

Market size (capitalization
to GDP)

Real integration (exports to US
to GDP)

Financial integration (Chinn
Ito index)

C,

it-1

us
)*Ayhyt +Zt +é;

US sovereign  US high yield

yield spread
(B,) (7.) R gains
-0.311° 0.036 0.49
-0.304° -0.049 0.16
0.005 -0.017° 0.44
-0.098 -0.021 0.02
-0.006 -0.001 0.07
0.092 0.013 0.05
0.025 -0.003 0.14
-0.005 -0.022° 2.51
0.193 -0.007 1.9
0.003 -0.005 0.14
-0.013 -0.002 0.89
-0.055 -0.005 0.03
0.047 -0.002
0.000 -0.000 0.02
0.079 0.0960¢ 0.54
-0.412 -0.319° 0.01

Note: Ay, is the one-month return of each EME country stock market index.
*, P and ° represent significance at the standard 10, 5 and 1 percent confidence
levels, where standard deviations were corrected by panel data Newey West.
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We conducted some robustness exercises controlling for domes-
ticvariables besides global onesinregression 5. For example, when
the Z, vectorincludesthe countries’ policyrate, inflationrate, and
output growth, the same country characteristics became significant
with the exception of the market size.

Moreover, once each of these characteristicsisintroduced into the
panel regression, there is not asignificant common LATAM dummy
to explainanyofthe three asset price movements.'’ That reinforces
the previous specific event analysis (QE1 and tapering) where there
wasno evidence of excess sensitivity for Latin American economies
to US monetary disturbances once country-specific fundamentals
are taken into account.

Table 11 presents a joint estimation of the specific country vari-
ables for the EME sovereignyields. Based on the R*gains of the vari-
able byvariable estimationin Table 8, the multivariate specification
considers the following characteristics: CDS spread for market condi-
tions, inflation for macroeconomic conditions, the official reserves
ratio for external conditions, and market capitalization for structur-
al conditions. The three first estimates are consistent with previous
univariate estimations: An increase in CDS spread and inflation or
adecrease inreservesisrelated to a country’s higher vulnerability.
By contrast, the coefficient of the stock market capitalization is es-
timated with a positive sign, implying that relatively large markets
display larger responses to US monetary policy announcements."'
Thisresultis consistent with the more specific evidence around the
tapering period where investors found it easier to rebalance their
portfolios in larger EME and therefore experienced higher asset
priceresponses (Eichengreenand Gupta, 2013).When experiment-
ing with an alternative set of relevant country characteristics such
as the current account or the policyrate, the results did not change
much, but the explanatory power decreased.

This multivariate estimation is similar to one by Bowman et al.
(2015), although they consider a vulnerability index estimating a
principal component of a set of macro variables and control for the
currencyregime. Nevertheless, our estimates present twoimportant
differences: First, both channels of transmission, sovereign yields

These results are not reported to save space.

The estimates of the joint specification for the two other asset prices (not
reported) go in the same direction, although the coefficients present a lower
significance level.
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Figure 3

AVERAGE RESPONSE OF THE EME YIELDS IN US SOVEREING YIELDS
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Note: The squares indicate the average observed response (two-day change). The gray
area represents the average and the one-standard deviation of each country’s model
response for the multivariate panel-data model (Table 11, specification 3).

and high-yield bond spreads, are relevant for explaining the hetero-
geneity of EMEyields;and second, the explanatory power of the coun-
try characteristics considered in our multivariate estimationis much
higher than their vulnerability index.

From the estimationresultsin Table 11 we cannow compare the ob-
served countryresponse to USmonetary policyannouncements with
theimplied response bythe estimated model. Figure 3shows the aver-
age and one standard deviation of the model’s response to a change
inUS Treasuryyields.12 Thus, taking the multivariate version of Equa-
tion 5, we calculate the average response (ﬂl + B, ECC,,_, ) ofthethree
countrycharacteristics for each of the countries forwhichwe have data
and theirstandard deviation from the parameters’ uncertainty. Simi-
larly, Figure 3 draws the average countryresponse (alsorelative tothe
US) using the two-day changes in the event study (Table 2).

12 An event study around the effect of US monetary policy announcements on the
high-yield bond spread gave few significant events. That is the reason to focus

on the response through the Treasury yields.
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Table 11

MULTIVARIATE ANALYSIS OF THE REACTION OF EMERGING
MARKET YIELDS TO US FINANCIAL VARIABLES

Ay, =+ (ﬁ1 +B,CC ) *AY,, + (Vl +7,CC 4 ) * AY/ZS +Z, e,

sovl

Specifications

1 2 3 4
Inflation
US sovereign yield 0.201¢ 0.151¢ 0.144¢ 0.115°
High yield spread 0.039¢ 0.019° 0.014 0.009
R? gains 10.38
CDS
US sovereign yield 0.003¢ 0.003¢ 0.003¢
High yield spread 0.001¢ 0.001¢ 0.001¢
R? gains 13.55
Reserves
US sovereign yield -0.003 -0.017"
High yield spread -0.003" -0.005°
R? gains 14.30
Capitalization to GDP
US sovereign yield 0.134¢
High yield spread 0.026
R? gains 15.04

Note: Ay, is the one-month change in each EME sovereign bond yield *, * and
¢ represent significance at the standard 10, 5 and 1 percent confidence levels,
where standard deviations were corrected by panel data Newey West.

Wefind alarge variabilityacross countries. Nevertheless, for most
of the countries in the sample the responses to the US policy have
not outsized the expected price response of the model once the pa-
rameter uncertainty has been considered. The only countrywith an
observed response above the upper limit of the confidence band is
Poland. Interestingly, the modelfor Braziliswithin the limit. Brazil
is an example of a large EME with a relatively open capital account
and aflexible exchange rate regime where carry trade operations,
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and thus capital flows, have responded very significantly to exter-
nal QE policies. Other Latin American countries’ responses are
within the model bands or have had a nil response, as seen in the
case of Chile. Thus, the observed EME heterogeneity of sovereign
yields spillovers of unconventional US monetary policy, including
that of the LATAM economies, can be explained to a large extent by
the model setup above.

Finally, we used the estimated Model 5 to obtain some inference
relative to the future normalization of US monetary policy. Figure 4
simulatesamonetaryshockthatincreases USsovereign bonds by 100
bpversusashock thatsimultaneouslyincreasessovereign bondsand
high-yield spreads by 100 bp. We take the estimated modelas the true
oneand fixthe parametervaluesabstractingany modeluncertainty.
The simulation exercise considers the observed country character-
isticsin December 2014. There are two significant results. First, the
interestrate channel, represented by changesin the Treasurybond,
ismorerelevant than therisk channelrepresented by the high-yield
spreads. The average EMEyield response is 62 bp through the inter-
estrate channeland 68 bpwhen addingtherisk channel. Thesize of
the impact of the country characteristics on these responses is non-
negligible: A one standard deviation increase in CDS (92.4 bp), the
inflation rate (2.9%) and the stock capitalization (258%) implies an
increase in the average EME yield response of 39 bp, 45 bp and 41
bp, respectively, while a one standard deviation increase in the re-
serves to GDP ratio (28%) implies a 61 bp reduction in the average
EME yield response. Second, the countries with weaker economic
fundamentals (Indonesia, Brazil or Turkey) respond more than
the average country, and thus experience a higher vulnerability to
changesin US monetary conditions. Other group of countries com-
bines better fundamentals with lower sensitivity to US shocks like
the Eastern European economies that are more linked to the euro
area (Poland, Hungary or Czech Republic).Moreover, the remain-
ing Latin American countries are above the EMEs average showing
alsoahighervulnerability. Thatisa consequence of the relative de-
terioration of their financial and macroeconomic fundamentals at
the end of the sample period asaresult of anumber of shocks (slow-
down of the Chinese economy, reduction of commodities’ prices,
and tightening of global financial conditions) that affected Latin
American economies more severely.
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Figure 4

MODEL RESPONSE TO AN INCREASE IN THE US SOVEREIGN YIELD
AND THE US HIGH YIELD SPREAD, DECEMBER 2014
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Note: Average response of countries to 100 basis points in US sovereign yields (light
gray bar) and 100 basis points increase in US sovereign yields and high-yield spread
(dark gray bar). It uses the multivariate panel-data model (Table 11, specification 3).
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4. CONCLUSIONS

The empiricalliterature has shown that Latin American economies
areverysensitive to USmonetary policy shocks. Higher dollarization
of assets and liabilities, closer financial and commercial links with
the United States, and dependency on the commodities cycle could
account for this historically. Moreover, after the financial crisisand
the launching of unconventional monetary policies in advanced
economies, Latin America was one of the regions that received
massive capital flows. Now that the US monetary cycle is starting to
turn, itisimportant to anticipate the asset price response consider-
ing country specificities, as this may be relevant for designing the
proper policy response.

First, we analyzed whether there was a significant impact of US
nonstandard monetary policies on financial asset prices for a set of
emerging economies, including five Latin American countries. The
analysis of policy events showed amore significant effect across EME
asset pricesafterthe first set of quantitative easing announcements
in2008-2009 and the taperingtalkin 2013, consistent with previous
resultsin the literature. We also found an excess response by Latin
Americanyields and exchange rates.

Second, we explored whether the role of fundamentals in condi-
tioning the responses in EME economies to US unconventional mon-
etarypolicyshocksdiffered across different episodes. We found that
aset of country characteristics were relevant in explaining the first
setofunconventional measuresin 2008-2009, but that the tapering
talkin 2013 initially had a more indiscriminate effect across EMEs,
andin either case thereisno evidence ofanindependent effect com-
ing out of the Latin American economies.

Finally, we estimated a simple model of the international trans-
mission of US financial conditions that incorporated the domestic
country characteristics to explain the observed cross country dif-
ferences. The inflation rate, the CDS spread, the official reserves
ratio, and the market capitalization are the most significant vari-
ables for measuring the vulnerability of the EME economies, and
Treasuryyield changes are a relevant channel to measure the spill-
over effects of US financial shocks. On average, the observed event
responses to US unconventional monetary policies were within the
estimated model bands, including those of the five Latin American
countriesin our sample.
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Overall, we showed that the intensity of the reaction of a num-
ber of financial asset prices in emerging economies to US monetary
policyannouncements depends on macroeconomic fundamentals.
In particular, we found that a parsimonious model including CDS
spreads, the ratio of official reserves to GDP, the inflation rate, and
the market capitalization explains, toalarge extent, the cross-coun-
try heterogeneityin the spillovers of USmonetary policy. Inaddition,
although we found some excess response of Latin American asset
prices to recent US monetary policy announcements, this differen-
tialresponse disappears once we take into account country-specific
characteristics. In light of our results, the current deterioration of
macroeconomic fundamentals in the Latin American region sug-
geststhattheyare particularlyvulnerable to the foreseeable normal-
ization of US monetary policy.

The evidence provided by the effect of US monetary policies on
EME asset prices did not consider the policy responses and the ex-
change rate framework of the domestic economies. These are rele-
vant aspects to be considered in future work. Moreover, this future
work should also consider the response of other financial market
variables (dollar-denominated sovereign bonds, corporate bonds,
capital flows, to name a few) to US monetary policy measures, in or-
der to assess the robustness of our spillover results.
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ANNEXES

Annex 1: Definitions of the Variables

Dependent variables Description Source Unavailability
Sovereign yields Inlocal currency Bloomberg'
Exchange rates  Bilateral Datastream
exchange rate
with US dollar
Stock market Aggregate index Reuters
prices
Country
characteristics Description Source Unavailability
GDP Year to year GDP  National
growth statistics, IFS,
OECD
Inflation Year to year National
consumer price  statistics, IFS
index growth
Debt to GDP Public debt to Oxford Chile
GDP (%) Economics
Policy rate Official interest ~ National China,
rate, set by the central banks, Singapore,
central bank IFS Taiwan
CDS Credit default Datastream South Africa,
spread Singapore,
Taiwan, India
Current Current account National
account balance respect  statistics, IFS,
to GDP (%) OECD, Oxford
(+): surplus, (-): Economics
deficit
Reserves Reserves assets National
to GDP (%) statistics,
Datastream, IFS
External debt External debt National Singapore,
to GDP (%) statistics, Malaysia,
Oxford Philippines,
Economics Hong Kong,
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Country

characteristics Description Source Unavailability
Portfolio flow Net inflows of National Singapore,
capital to GDP statistics, Malaysia,
(%) IFS, OECD, Philippines,
Datastream Hong Kong,
Taiwan
Net banking Foreign assets National Singapore,
position minus foreign statistics, IFS Malaysia,
liabilities to GDP Philippines,
(%) Hong Kong,

Exchange rate
deviation

Real exchange
rate growth

Capitalization

Chinn-Ito index

Exports

Deviation from
equilibrium
exchange rate
(proxied as a
deviation from
the historical
average). A
positive value
indicates that
the national
currency is
overpriced

Last year real
exchange rate
growth. An
increase is an
appreciation
of the national
currency

Stock market
capitalization
to GDP

Chinn and

Ito index. An
increase in the
value implies a
greater degree
of openness of
the financial
account

US exports to
GDP (%)

JP Morgan

JP Morgan

Bloomberg

Chinn and Ito

web

National

statistics, FRED

Taiwan, Poland,
Korea

Singapore,
Malaysia,
Philippines,
Hong Kong,
Taiwan

Taiwan

! For Chile, the source is the Central Bank of Chile; and for Brazil, the source is
De Pooter et al. (2013).
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Annex 2: Summary of Statistics

Standard
Variable Obs. Mean deviation Min Max
Yields (one month 1,500 -0.04 0.50 -4.39 4.30
change)
Exchange rates 1,500 0.12 4.42 -14.02 26.69
(one month
change)
Stock indices (one 1,500 0.77 6.39 -37.28 38.46
month change)
GDP growth 1,500 3.61 3.86 -14.74 18.86
Inflation 1,500 3.67 2.94 -9.48 16.22
Current account 1,500 1.36 6.28 -9.55 24.18
to GDP
Chinn Ito index 969 0.53 1.39 -1.18 2.42
Exports to GDP 1500 4.73 4.69 0.42 25.67
CDS 1,200 178.97 92.36 51.00 725.00
Policy rate 1,275 4.41 2.76 0.05 16.75
Capitalization 1,500 1.35 2.58 0.99 14.94
Debt to GDP 1,500 44.11 22.00 3.79 106.65
Net banking 1,022 -0.33 21.25 -27.66 90.39
position
External debt 1,035 37.12 30.20 .31l 148.15
Portfolio flow 1,023 2.19 3.27 -6.46 16.85
Exchange rate 1,080 7.78 18.86 —35.70 72.74
deviation
Reserves 1,500 33.32 27.70 8.78 122.13
Real exchange 1,500 -0.39 7.14  -30.00 30.90

rate growth
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Have QE Programs Affected Capital

Flows to Emerging Markets::
A Regional Analysis

Claudia Ramirez
Miriam Gonzdlex

Abstract

Intheaftermath ofthe 2008-2009 financial crisis, international capital flows
to emerging markets increased substantially and have remained close to all-
time highs, although withvolatility. The mostrecent episode of capitalinflows
has taken place in the context of extremely accommodative monetary policies
in advanced economies, characterized by exceptionally low interest rates and
theimplementation of unconventional monetary policies, which have genera-
ted additional reductions in long-term interest rates. This paper presents an
empirical analysis of the drivers of international capital flows to emerging
economies in the postcrisis period. Using the pull versus push framework, we
estimate a panel for 15 emerging economies, and we find that external factors
remain the main determinants of capital flows. Within external factors, QE
programs implemented in the United States, measwred both directly through
treasuries purchases and indirectly through the long-term interest rate, had
an impact on capital flows. However, the effect was different across regions,
playing animportantrolein Asia and Latin America. Finally, we foundthat
risk aversion seems to be an important driver of these flows for all regions.
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1.INTRODUCTION

Capital flows to emerging economies (EME) have increased shar-
ply during the last decade, reaching all-time highs and this trend
seems to have strengthened after the financial crisis of 2008. This
recent episode of capital inflows was different compared to pre-
vious episodes, not onlyin magnitude butalso in the composition
of such flows. Thissituation has been a major challenge for policy-
makers in emerging economies due to the trade-off between the
potential benefits and the risks associated with these episodes of
massive capital inflows. On the one hand, the increase in capital
flows to emerging economies should be a positive factor for such
countries, to the extent that an increase in capital availability can
contribute to higher economic growth through I)increased inves-
tment in those economies, 2)reducing the cost of capital through
amore efficient allocation of resources, 3)further development of
thefinancialsystemand, 4)in the case offoreign direct investment
(FDI), contributing to the adoption of more advanced technologies
(Prasad etal., 2003). On the other hand, the size and volatility of
capital flows can poserisks tofinancial stabilityin these countries
given: I)the possibility ofasudden stop of capital flows, and 2)the
emergence of bubbles in asset prices. Given this trade-off, it is im-
portant tounderstand the factorsbehind the mostrecent episode
of capital inflows.

The most recent episode of capital inflows has taken placeina
context of extremely accommodative monetary policyinadvanced
economies, characterized by exceptionally low interest rates and
the implementation of unconventional monetary policies, which
have generated additional reductions in long-term interest rates.
In this context, it is worth reviewing the analytical framework of
pullversus push factors that has been widely used in the literature
on the determinants of capital flows, and thus analyze the causes
behind the resurgence of capital flows to emerging economies
in the last decade. This paper aims to contribute to this analysis
by identifying the factors that have led to the increase of capital
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inflows observed since 2005 in the major emerging economies. As
Fernandez-Arias (1993) noted, to the extent that the increase in
capital flows is motivated by internal factors, the risk of a sudden
reversal of these capitalsis lower.

Our contribution withrespect to previous studies on this subject
istwofold. First we focus on gross capitalinflows to specifically de-
scribe the behavior of capitalinflows by non-residents, contrasted
with net capital flows, which refer to the change in balances of resi-
dentsand foreign investors. Secondly, we conduct aregional analy-
sistomeasure how the drivers of capital flows differacrossregions
of emerging countries. Additionally, we aim to measure the impact
of the USA quantitative easing using two variables, one associated
with the USA long-term interest rate, and the second one through
treasuries purchased as part of QE programs.

Ouranalysis suggests that external factors have beenamongthe
main drivers of capital flows to EME, and within these factors, QE
programsimplemented in the United States have been particularly
importantinthe current episode, both through the asset purchas-
es programs and through the impact of the USAlong-term interest
rate, particularly to Asian and Latin American economies. Final-
ly, we found that risk aversion seems to be an important driver of
these flows for all regions. These results are very relevant in view
ofthe current macroeconomic environment, in which the Federal
Reserve concluded its last QE program in October 2014. Looking
forward, these results are even more pertinent since, after seven
years of extraordinarily low interest rates, the United States start-
ed the normalization of its monetary policy towards higher inter-
estratesin December 2015.

This paperisorganized as follows. In the second section we pres-
ent a brief review of related literature. In the third section we de-
scribe the evolution of capital flows to EME in the recent episode of
capitalinflows. In the fourth section we summarize the unconven-
tional monetary policies that have been implemented in the USA
after the financial crisis of 2008. In the fifth and sixth sections we
describe our empirical strategy and summarize our main findings.
Lastly, in section 7 we present our conclusions.
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2. LITERATURE REVIEW

During the nineties, several studies were published attempting to
explain the factors that had triggered the growth of capital flows to
emerging economies at the beginning of that decade. One of the
most important papers in this field is the one of Calvo, Leiderman,
and Reinhart (1993), where the authors analyzed the importance of
externalfactorsinthe growth of capital flows to Latin America. They
noted that while the economic and political reforms implemented
in some Latin American countries in the late eighties contributed
to the resurgence of capital flows, this reason was not enough to ex-
plain whythe region in general benefited from greater flows, inclu-
ding countriesthat had not undergone economic transformations.
Therefore, theyargued that because there were different macroeco-
nomic policiesand important differencesin economic performance
among countries in the region, external factors must have played a
majorroleinthe decisions of investors to bring their resourcesto La-
tin America;in particular, the role of lowinterestratesin the United
Statesiscrucial, aswellasthe economicrecessioninthe USAand the
evolution of its balance of payments. With this analysis, the authors
developed the analytical framework that divides the determinants
of capital flows into domestic factors, also known in the literature
as pullfactors, and external or push factors, which has been widely
used in subsequent studies on this subject.

Chuhan, Claessens, and Mamingi (1993) also used thisapproach
of pull versus push factors to explain the surge in capital flows to
emerging economies. These authors analyzed the flows of debt and
equity to Latin American and Asian economies using a panel that
included both pull and push factors. This analysis found that debt
flowsrespond strongly to the country’s credit rating, which isavari-
able that reflects the domestic conditions of each economy. Howev-
er, theyalso found a high sensitivity of debt and equity flows to USA
interest rates. To analyze the relative importance of pull and push
factors, the authors calculated the sum of the standardized coeffi-
cients for each category, finding that, in Latin America, pull and
push factorswere equallyimportantin explaining therise in equity
flows, while in Asian economies pull factors were four times more
important than external ones.

Anotherimportantdocumentthat emerged during the nineties,
and to some extent contributed to reconciling the results of the two
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documents mentioned above, was that of Fernandez-Arias (1993).
Thisauthorusedastructural model to explain the dynamics of capi-
tal flows to emerging economies. Aswith Calvo etal. (1993) he found
that the surge of private capital flows in that period was mainly due
to the fall in interest rates in advanced economies, noting that the
behavior capital flows had previously registered would not be sus-
tainable when interest rates in developed countries started to rise.
He also analyzed the improvement in credit conditions in emerg-
ing economies during that period, and found that this apparent
improvement was due to the reduction in funding costs resulting
from lower interest rates globally and not, as Chuhan et al. (1993)
argued, due to the improvement in macroeconomic conditions in
emerging economies.

Morerecently, theliterature on the determinants of capital flows
has focused on analyzing the new resurgence of capital flows in the
postcrisis period, and has tried to analyze whether the increment
of capital flows has been associated with the unconventional mon-
etary policies that have been implemented by advanced economies
in recent years. Since the transmission channels of those types of
measures differ from the traditional channels, an intense debate has
arisen concerning the spillover effects they may have on other econ-
omies, particularly on emerging countries. Due to the relevance of
this debate for policymakers, manyauthors have analyzed this topic.

Fratzscher (2011) analyzed the role of different drivers of global
capital flows during the crisis and in the subsequent period. Using
afactor model coupled with micro level data from EPFR of portfolio
capital flows to 50 economies, he found that common factors (push
factors) were overall the main drivers of capital flows during the cri-
sis, while country-specific determinants (pull factors) were dominant
in accounting for the dynamics of global capital flows throughout
2009 and 2010, in particular for emerging markets.

Another important document in this regard is Fratzscher et al.
(2013) that analyzed the global spillovers of USA QE1 and QEZ2 pro-
gramson 65 foreign financial markets. Specifically, theyinvestigated
the impact on capital flows, asset prices and exchange rates. Using
EPFR’s daily data on portfolio equity and bonds flows from January
2007 to December 2010, theyanalyzed the response of portfolio de-
cisions to unconventional policy actions, both operations and an-
nouncements. They found that the Federal Reserve’s QE programs
functioned in a procyclical manner for capital flows to EME, with
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portfolio rebalancing out of EME under QEl and in the opposite di-
rection under QE2.

Ahmed and Zlate (2013) analyzed the determinants of net pri-
vate capital flows to 12 emerging economies from Asia and Latin
America over the period 2002 to 2012. The main explanatory vari-
ablesincludedinthe model were the growth and interest rate differ-
entials between advanced and emerging economies, risk aversion,
and accumulation of reserves. To capture the effect of unconven-
tional monetary policy in the United States they used two dichoto-
mous variables: The first one takes the value of one in the quarters
inwhich the Federal Reserve announced or extended QE programs,
and the second takes the value of one during the period when these
programs were in place. Their results suggest that interest rate dif-
ferentials and growth are important determinants of capital flows.
Regarding the effect of non-conventional monetary policy, they do
notfind astatisticallysignificantrelation in total flows; however, they
do find an effect on portfolio flows.

3.EVOLUTION OF CAPITAL FLOWS
TO EMERGING ECONOMIES

Capital flows to EME remained stable at the beginning of the last de-
cade, butsince 2004 they have increased substantially, reaching all-
time highs (Figure 1). Even after theretrenchmentthatwas observed
inthe onset of the financial crisis, capital flows recovered very quickly,
reboundingtothelevelsseen priorto the crisis by 2012. Although ca-
pital flowsasapercentage of GDP have notreturned to their precrisis
peak, it is worth noting that in recent years they have remained on
average around 6%, which represents an increase of 100% from the
levels that were seen in 2000.

Therecentepisode of capitalinflows hasbeen characterized byan
increaseinalltypes ofinvestment: Directinvestment (FDI), portfolio
flows, and other investments. Nevertheless, after the financial crisis
there was a shift in the composition of capital flows towards greater
portfolioinvestment, whichincludes debtand equitysecurities that
are more liquid.' On the one hand, portfolio flows —and in particu-
lar debtsecurities— have allowed EME to take advantage of the global

' Balanceof Payments and International Investment Position Manual, sixth edition.
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lowinterest rates byissuing debt
atlower costs. On the other, the
increased share of this kind of
investment has been a source of
concernamong policymakersin
EME given the volatility of such
capital flows, and the fact that
their negotiability allows inves-
torstowithdrawtheirinvestment
readily, raising therisks of abrupt
capital outflows. Thisrepresents
amajor challenge for policymak-
ers in all EME, but especially in
Latin America, which has been
the largest recipient of this kind
ofinvestment (Figure 2).
Lookingatthe composition of
portfolio flows in our sample of
EMESs, we noted that in the post-
crisis period, equity and debt
securitiesincreased sharply, al-
beit with some volatility, but in
general debt flows have repre-
sented alargershare of portfolio
investment. This trend started
even before the financial crisis,
and has been associated with
the expansion and deepening
oflocal currency bond markets
in EME, particularly in govern-
ment bonds. Compared to pre-
vious episodes of capital inflows

Figure 1
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TO EMERGING ECONOMIES
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in EME, in the recent episode most of the debtinvestment has been
denominated in domestic currency, eliminating the original sin syn-
dromewhich refers to the propensity of EME to borrow in hard cur-
rency, mainlyin USAdollars.? Although thishasbeenageneral trend
in EME (probablyreflecting the structural changesin financial mar-
kets), some countries stand out for the magnitude of debt flows that

2
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Figure 2

COMPOSITION OF CAPITAL FLOWS
PER REGION
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they have received from non-res-
idents, mainly through govern-
ment securities. As we show in
Figure 3, thisisthe case for many
of the countries in our analysis
such as Indonesia, Poland and
Mexico, where non-residents’
holdings in local currency gov-
ernment debt represent more
than 30% of total outstanding
debt. We can also observe that
the holdings of foreigninvestors
increased more sharply in the
post crisis period, which could
suggest that this trend is associ-
ated with some of the monetary
developments that have taken
place in the last few years.

Although there must be com-
mon factors that have pushed
capital flows to EME in the last
decade, such as low interest
rates in advanced economies or
the excess of liquidity generat-
ed by QE programs in advanced
economies, there must also ex-
istdomestic, or pull, factors that
explainwhysome countries have
received larger flows than oth-
ers, and that also account for
the difference in the composi-
tion of such capital flows among
regions. This also suggests that
some drivers of capital flows may
be more important for certain
kinds of investment than for
others, or maybe there are dif-
ferent drivers for every type of
investment.

Since FDI is associated with a



Figure 3
GOVERNMENT SECURITIES HOLDINGS BY FOREIGN INVESTORS
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long-term horizon, we could think that domestic variablesare more
important for this type of investment. We showed in Figure 2 thatin
the mostrecent episode of capitalinflows, Asian economiesreceived
alargershare of FDI compared to other emerging regions. Following
the previous pull factors that have been cited in the literature, one
of the possible explanations for the predominance of FDI in Asia is
its economic performance. In Figure 4, we show that the economic
growthin Asiahasoutperformedthe onein Latin America, and even
in 2009, when most countries registered a contraction in economic
activityasaresult of the financial crisis, the Asian economies main-
tained positive growth.

Insum, even though we could attribute the increase of capital flows
to external factors ~that are common to all EME- it is not straight-
forward to understand why the composition of portfolio flows has
differed among regions, which suggests that we must also take into
account domestic variables to try to explain the increase that capi-
tal flows have registered in the last decade.
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Figure 4
ECONOMIC GROWTH
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4. USUNCONVENTIONAL MONETARY POLICES

Duetotheseverity of the 2008-2009 financial crisis, the Federal Re-
serveimplemented aset of unorthodox policies. Atthe beginning of
the crisis such policies were aimed at restoring the correct functio-
ning of financial marketsand some specificsectorsin the economy,
butastime passed more policieswere implemented in order to boost
economic activity and employment. The most important of those
policies have been forward guidance and quantitative easing (QE).
In our analysis we will focus on the impact of the latter.

Two months after the bankruptcy of Lehman Brothers, and with
the federal fundsrate closetozero, the Federal Reserveannounced
on November 25, 2008, that it would buy up to 500 billion dollar in
mortgage-backed securities (MBS) and 100 billion dollar in direct
obligations of housing-related government-sponsored enterprises
(GSEs). This program of asset purchases was denominated QEI. Un-
like the subsequent programs, QEl wasimplemented atatime when
demand for liquidity was particularly high, so the program helped
to ease conditions in credit markets; in particular, the objective of
this first program was to reduce the cost and increase the availabil-
ity of credit for the housing sector.
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Because conditions in the credit market remained tight, employ-
ment continued deterioratingand household wealth declined further,
and the Federal Reserve decided at its meeting in March 2009 to in-
crease theamountofassets thatitwould buyto 750 billion dollar, mak-
ingtotal purchasesamountingto 1.25 trillion dollar. Inaddition, the
Federal Reserve announced that it would buyup to 300 billion dollars
inlong-term Treasurybondsin orderto help ease conditionsin private
credit markets. Purchases of treasuries were completed towards the
end of that year, while purchases of MBS and agency debt continued
until March 2010. The total amount of QE1 was 1,725 billion dollar.

Monthsafter the conclusion of the first purchase program, follow-
ingweeks of speculation among market participants, the Federal Re-
serveannouncedatits November 3, 2010, meeting thatitwould starta
second round of asset purchases (QE2), which would consist of monthly
purchases of 75 billion dollar in long term Treasury bonds, for a to-
tal of 600 billion dollar. Unlike QEI, this program was implemented
when conditionsin financial marketshad normalized, soits goal was
aimedatstimulating economicactivityina contextinwhichinflation
was below the Federal Reserve inflation target of 2% and unemploy-
ment well above long-term rates. This program ended in June 2011.

After QE2 ended, the Federal Reserve announced the implemen-
tation of a program called Operation Twist. This program unlike QE
did not imply an increase in the central bank balance sheet, as the
Federal Reserve bought long-term assets and sold the same amount
of short-termassets, but this program contributed toafurtherreduc-
tion in long-term interest rates. This program was in effect until De-
cember 2012.

The third round of asset purchases (QE3) was announced in Sep-
tember 2012. Unlike the first two programs, the Federal Reserve did
notdetermine the totalamount of the program;instead, itannounced
thatitwould purchase MBS ata pace of 40 billion dollar permonth. The
implementation of this programwasaimed at furtherreducinginter-
estrates, thus contributing to strengthening the economic recovery.

In December 2012, the Federal Reserve announced that it would
also purchase longer-term Treasury securities at a pace of 45 billion
dollar per month, making total monthly purchases of 85 billion dol-
lar. Itisnoteworthythatin the samestatement, the Committee added
that the exceptionally low interest rates would continue until the un-
employment rate was located at 6.5% and inflation expectations for
the nexttwoyearswere nomore than 0.5 percentage pointsabove the
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Figure 5
10-YEAR INTEREST RATE AND TREASURIES PURCHASES
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target of 2%. With this change of language, the continuity of asset pur-
chaseswaslinked to economic conditions, particularly labor market
conditions, which meantamajorshiftfrom previous programs. Given
this change in the communication of the Federal Reserve, financial
markets became more sensitive to changing economic conditions in
the United States, particularly to the evolution of labor conditions.
The third program ended in October 2014; however, the Federal
Reserve has maintained its policy of reinvesting principal payments
fromits holdings ofagencydebtand agency mortgage-backed securi-
tiesinagencymortgage-backed securitiesand of rolling over maturing
Treasurysecuritiesatauction, sothe balance sheet of the centralbank
is still at historically high levels. Furthermore, there is no clear posi-
tiononwhatactionsthe Federal Reserve will take regarding the size of
itsbalance sheetonceitstartsthe cycle of monetarypolicytightening.
Asdescribed before, the asset purchase programsdifferedin terms
of quantityand type ofassets purchased;inthissense thelevel of trea-
suries purchased in each phase capturestheintensity of each program.
Additionally, the long term USA interest rate decreased as a result of
these purchases, as hasbeenwidelyanalyzed.?® For this reason we will

3

See Gagnon et al. (2010); Krishnamurthy and Vissing-Jorgensen (2011);
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use these purchases and the 10-year USA interest rate (Figure 5) as
variables that capture the effect of unconventional monetary policy
on capital flows to emerging economies.

5. EMPIRICAL ANALYSIS

We estimate apanel of 15 emerging economies to analyze the drivers
of gross capital inflows using pull and push factors as explanatory
variables. Regarding pull factors we include real monetary policy
rateand economic growth differentialswithrespecttothe USA. The
pushfactorsthatareincludedinthis modelare: The USA 10-yearin-
terestrate, treasuries purchases, and the VIXindex, whichis used as
aproxy forrisk aversion in international markets. Itisimportant to
highlight that the policy rate differential is used following Ahmed
and Zlate’s (2013) argument, which assumed that it affects return
differentialsand this could change investors’ decisions. Forthe USA
policyrate we use the shadow interest rate calculated by Wu and Xia
(2016) and updated by the Federal Reserve Bank of Atlanta. Moreo-
ver, including it balances the model specification, given that we use
the long-run USA rate. Importantly, we use real interest rates in or-
der to control for domestic monetary developments.

To measure the impact of USA QE programs on capital flows, we
conduct two exercises. In the first exercise, we aim to measure how
capital flows were affected in the postcrisis period and the indirect
effect of USA monetary policy through the long-term interest rate
channel. In the second one, we measure directly the effect of trea-
suries purchases on capital inflows to EME. Since the first QE pro-
gram was implemented in the USA, there have been several studies
published that try to analyze the impact of those programs on USA
interest rates. Although the magnitude of the effect varies among
differentstudies, in generalall have found that, in the context of the
zero lower bound, QE programs have generated additional reduc-
tions in the USA 10-year interest rate.* Having this in mind, we also
want to analyze whether the effect of the USA interest rate on capi-
tal flows has changed with the implementation of QE programs in

Hamilton and Wu (2011); and Glick and Leduc (2011).
See Gagnon et al. (2010); Krishnamurthy and Vissing-Jorgensen (2011);
Hamilton and Wu (2011); and Glick and Leduc (2011).
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the postcrisis period. For this purpose we include a dummy variable
equal to one from the fourth quarter of 2008 ~when the first QE pro-
gram began-tothelastobservation. Even though thelast QE program
ended on October 2014, the Federal Reserve has continued reinvest-
ing principal payments from its holdings of agency debt and agency
mortgage-backed securities in agency mortgage-backed securities,
therefore we set the dummyvariable equal to 1 up to the first quarter
of 2015.% In addition to the dummy variable that helps us to see how
capital flows were affected in the postcrisis period, we include in our
modeltheinteraction of the USA 10-year interestrate with the dummy
variable. This coefficient helps us capture the indirect effect of long-
term interest rates in the postcrisis period.

Accordingtothespecification thatwe mentioned above, we set our
regression equation as follows:

fz‘,t = ﬁlﬁ,t—l + ﬂQTtUS + ﬂf%st + B4 (th - ZzUtg ) +
+ﬁ5<gi,t gi[,]ts)+ﬁ6Dz +ﬁ7(7tUS*Dt)+gz‘

Where:

fi:  Capital flow to country .

1" US10-yearrealinterest rate.

S VIXindex.

i;, Realmonetarypolicyratein country i.
iy Real monetary policyrate in the USA (shadow interest rate).
g, Economicgrowthratein country .

i
D, Dummy for postcrisis period.

USA economic growth rate.

The expected signs of coefficients are positive for B,, B,, B, and
B, andnegativefor B, , B, and B, Weexpect B, tobe positive reflect-
ingthe persistence of capital flowswhich could indicate that investors
aremore likelytoinvestnewresourcesin countrieswhere theyalready
have capital invested. B, should be positive to reflect the search for
yield phenomenon. We expect f3; to be positive, reflecting that low
growth in advanced economies, USA in this case, tends to support
capital flows to EME with higher economic growth. Looking at the
behavior of capital flows in the postcrisis period, we expect B; to be
positive, reflecting that the increase in global liquidity had a positive

5

See Federal Reserve’s July 2015 monetary policy press release.
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impact on capital flows to EME. Inaccordance to previousliterature,®
we expect ff, tobenegative, indicating that reductionsin the USAin-
terest rates tend to favor capital flows to EMEs and vice versa. For the
samereasonwe expect B, tobealsonegative. B, should be negative,
reflecting that an increase in risk aversion in financial markets leads
to areduction of capital flows to EME, which is also consistent with
what previous studies had found.”

In the second exercise, we use the natural logarithm of treasuries
purchases in order to see whether the effect of the postcrisis period
found before was specifically affected by the treasuries purchases that
the Federal Reserve implemented.

Bl fo=Bfun + B + Bys, + By (i, i)+ By (g, — g )+ B, Tre, +e,.

Where:

Tre, Treasurysecurities purchasedintime ¢.

We estimate ourregressions using the panel general method of mo-
ments (GMM), which allows us to control for endogeneity since we are
using anumber of variablesas instruments. In particular, we use cur-
rent values for exogenous variables, which in the model are the vari-
ables common for all EME, and lagged values for domestic variables.®

Our sample covers 15 EME: Brazil, Chile, Colombia, Czech Re-
public, India, Indonesia, Korea, Malaysia, Mexico, Peru, Poland,
Philippines, South Africa, Thailand and Turkey.’ For the dependent
variables, we use quarterly gross capital inflows from balance of pay-
mentsstatistics (BOP) over the period 2005Q1 to 2015Q1. Specifically
we use FDI, portfolioand otherinvestmentliabilities,and we estimate
total flows as the sum of those three components. The data is in USA
current dollars and we normalized it by the GDP of each country. We
use GDP in current dollars from Haver Analytics. Although the data

& Calvo et al. (1993), Fernandez-Arias (1993), IMF (2011) and IMF (2013).
7 IMF (2011), Marcel Fratzscher (2011), M. Fratzscher et al. (2013), IMF
(2013) and S. Ahmed and A. Zlate (2013).

8 We assumed that the USA 10-year interest rate, QE programs and the VIX
index are exogenousvariables. Presumed endogenousvariables are lagged
capital flows, EME’s monetary policy rates, inflation, economic growth
and real exchange rate depreciation.

We use this group of emerging countries since we think they are the most
representative countries for each region with data availability.
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from BOPisnotastimelyasthe one of EPFR, usingitallowsustoana-
lyze the behavior ofall types of capital flows, including FDL."Itisalso
important to highlight that in our analysis we are trying to explain
the drivers of foreign capital, and therefore we are using gross capi-
tal flows instead of net flows.

The USA 10-year real interest rate is obtained from the Federal
Reserve website. We use the quarterly change of the VIXindex from
Bloomberg. The monetary policydifferentialis estimated as the dif-
ference between thereal monetary policyrate and the USAreal effec-
tiverate from 2005:1Q to 2008:4Q. From 2009:1Q to 2015:1Q, we use
the real shadow rate proposed by Wu and Xia (2016), the real mon-
etary policy rate is obtained from Haver Analytics and both of the
lasttwo variables are obtained from the Federal Reserve of Atlanta.
The growth differential is estimated as the difference between the
growth rate of each emerging countryand the USAgrowth rate with
information from Haver Analytics. We use quarterly data.

Theinformationregarding theimplementation of QE programs
inthe USAis obtained from FOMC pressreleases thatare available on
the Federal Reserve website.

Aswesawinthe previoussectionin Figure 2, the behavior of capi-
tal flowshasbeen differentacrossregions of EME. Within oursample
of 15 EME, there exists alot of heterogeneity that might affect the av-
erage result we obtained in the previous section. Therefore, in this
sectionwe analyze whether the impact of QE programs has been dif-
ferentiated across regions. For this purpose, we conduct the same
exercisesasbefore butwe divide our sample into three groups: Latin
America, Asiaand in the third group we include European countries
and South Africa, as shown in Table 1.

Table 1
COUNTRY GROUPS
Latin America Asia Europe & Africa
Brazil India Czech Republic
Chile Indonesia Poland
Colombia Korea South Africa
Mexico Malaysia Turkey
Peru Philippines
Thailand

1 EPFRdata captures onlyabout 5-20% of the market capitalization in equity
and in bonds for most countries.
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6. RESULTS

6.1 General Results

Inthissection, we present the resultsthat we obtained from oursample.

In the first exercise, we find that USA monetary policy has a signifi-
cant impact on capital flows to EME. This effect is captured with the
postcrisis dummy and the USA 10-year interest rate. In the first case,
we find that for the postcrisis period, portfolio investment and total
flows haveincreased, anditisasignificantchange, but notfor FDI (see
Table 2). The effect, asexpected, is positive, which meansthat during
the postcrisis period, particularly starting with the implementation
of QE programs, capital inflows in EME have increased with respect
to the previous episode. According to our analysis, capital flows asa
percentage of GDP have increased around 19 percentage pointssince
the first QE program was implemented, and 11 percentage points in
terms of portfolio investment.

To measure the impact of the USA interest rate when unconven-
tional monetary policies were in place, we should take into account
the effect of thisvariable plus the interaction termwith the postcrisis
period. Itisworthnoting that the coefficient of the USAinterest rate —
without the interaction term-has a positive sign, contrary towhat we
might have expected; nevertheless, this is consistent with some liter-
ature that has found thatin the period prior to the crisis the relation
between USA interest rates and capital flows was positive."! When we
add theinteraction term, we find anegative relation between the USA
interest rate and capital flows in EME, which means that the decline
that the USA 10-year interest rate has registered since the financial
crisis has pushed capital flows into EME. Specifically, we find thata 1
percentage point decrease in the USA 10-year interest rate leads, on
average, to a 2.16 percentage point increase in total capital flows as a
percentage of GDP,and a 0.65 increase in the case of portfolio flows.™
For FDI, the relation is positive but not statistically significant.

"' See Marcel Fratzscher (2011).

2" With regards to the real policy rate differential, we do not find it statis-
tically significant for either of the two exercises conducted. It is worth
noting that the policy rate for the Czech Republic reached the zero lower
bound (ZLB). Nevertheless, there are few observations where the ZLB is
registered in this country, thus the results obtained did not change when
not considering this episode.
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We also find that increases in risk aversion in financial markets
are associated with capital outflows from EME. These outflows take
place on portfolio and other investments.

Ourresults suggest that for the pull factors, we only find growth
differential to be statistically significant; for every percentage point
that growth in EME surpass the USA growth rate, capital flows as a
percentage of GDP increase on average 0.65percentage points. The
external or push factors have beenimportantdrivers of capital flows
in the last decade.

Inordertotestfor other pullfactorsthat might have helpedattract-
ing capital flows to emerging economies, in the Annex we include
therun of the same regression presented in Table 2 including trade
openness, measured as the sum of exports and imports as percent-
age of GDP. The results do not change in terms of significance and
direction, and trade openness is not significant. This is consistent
with the fact that the biggest changesin these indicators happened
before our sample period started.

In the second exercise, we find that when the natural logarithm
of treasuries purchases is the main variable capturing USA uncon-
ventional monetary policy, these also have an importantand signifi-
cant effect on capital flows to EME." Our results -reported in Table
3—suggestthata 1% increase in treasuries purchasesincreases cap-
ital flows by 8.84%, whereas the effect for portfolio investmentisan
increase of around 2.65 percent.

Itisalsoworth notingthat forthe ¥DI, the coefficients of treasuries
are positive but notsignificant, whereas the uncertaintyin financial
markets continues to be an important determinant of capital flows
to emerging market economies.

Note that the variation that allows this model to measure the ef-
fect of unconventional monetary policyin the USAis capturedinthe
treasuries purchasesand notinthelong-terminterestrate,asinthe
previous exercise, since the latter is neither statistically significant
for portfolio investment nor FDI.

We donotfindthe policyrate differentials statistically significant,
similar to the results found by Ahmed and Zlate (2013), although it
hasapositive sign for total inflows in both exercises. The lack of sig-
nificance of policyrate differentials when fixed effects are included

¥ This exercise also includes a dummy for the taper talk period as control,
which was not statistically significant.
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is consistent with the idea that these fixed effects may be partly cap-
turingthelong-runinterestrate differentialsbetween EME and AE,
asAhmed and Zlate (2013) argue.

Table 2

DETERMINANTS OF CAPITAL FLOWS TO EME:
PANEL REGRESSION RESULTS

Portfolio
Total Investment FDI
(1) (2) )
L(-1) 0.103° 0.147¢ 0.118¢
(0.048) (0.047) (0.042)
USA 10-year real interest 8.967¢ 5.041¢ 0.406
rate (3.324) (1.957) (1.036)
VIX -0.059¢ -0.042¢ -0.002
(0.009) (0.005) (0.004)
Policy rate differential 0.014 -0.011 0.053
(0.170) (0.106) (0.067)
Growth differential 0.656¢ 0.214° 0.023
(0.162) (0.099) (0.060)
Postcrisis period 19.459¢ 11.792¢ 0.426
(7.086) (4.246) (2.259)
Postcrisis period* USA 10- -11.122¢ -5.693¢ -0.565
year real interest rate (3.761) (2.200) (1.149)
Country fixed effects Yes Yes Yes
J-statistic 1.71 3.58 4.60
P(J-statistic) 0.43 0.31 0.47

Coefficients estimated with GMM. Standard errors are reported in parentheses.
** <indicates significance at the 90%, 95%, and 99% level, respectively.
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Table 3

DETERMINANTS OF CAPITAL FLOWS TO EME:
PANEL REGRESSION RESULTS

Portfolio
Total investment FDI

(1) (2) )
L(-1) 0.133" 0.153¢ 0.120¢

(0.059) (0.062) (0.045)
USA 10-year real 4.417¢ 1.008 0.210
interestrate (1.532) (0.609) (0.185)
VIX -0.086¢ -0.044¢ -0.003

(0.016) (0.007) (0.004)
Policy rate differential 0.149 -0.357 -0.013

(0.251) (0.314) (0.069)
Growth differential 0.661¢ 0.095 0.024

(0.225) (0.179) (0.064)
Treasuries 8.839¢ 2.653* 0.223

(2.344) (1.067) (0.343)
Country fixed effects Yes Yes Yes
J-statistic 3.39 1.13 10.23
P 0.34 0.57 0.18

(J-statistic)

Coefficients estimated with GMM. Standard errors are reported in parentheses.
*,*, ©indicates significance at the 90%, 95%, and 99% level, respectively.

6.2 Regional Analysis

Inthissection, we runthe same regressions as before but divide our
sample into three regions." For the first exercise, where we include
the interaction term of the dummy for the postcrisis period and the
USAinterest rate, we find that during the postcrisis period, capital

Even though South Africa is not related to Europe, we decided to include
itin this group of countries because some of the developments observed
in that country are similar to Turkey and other EME in the region. Ne-
vertheless, we run the same regressions dropping South Africa and the
results presented below did not change.
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inflows in Latin America and Asia increased, while we do not find
evidence of any effect on Europe and South Africa. Aswe can seein
Table 3, during the postcrisis period flows increased more in Asia
and thedifferenceissignificant foralltypes ofinvestment, including
FDI. Meanwhile, in Latin America, the evidence suggests that the
main effect during the postcrisis period is on portfolio investment.

Regardingthe effect of the USA 10-yearinterest rate, our evidence
suggests that it is much stronger for capital flows to Latin America;
in particular, we find that a one percentage drop in the USAinterest
rate leadstoanincrease of 2.42 percentage pointsin total flows asa
percentage of GDP, whereas in Asia the increase is around 1.42per-
centage points.””Similarly, areduction of 100 basis pointsin the USA
interestrate generates anincrease of 1.35 percentage pointsin port-
folio inflows in Latin American economies, and of 0.49percentage
pointsin Asia. Theseresultsare consistent with the behavior thatwe
have observed of capital flows in those regions.

The VIX index is statistically significant for the three regions,
and in all cases has a negative sign, suggesting that in periods of in-
creased risk aversion, capital moves out of EME. We find that this ef-
fectis greaterfortotal flowsin Asia, although the effectisverysimilar
for portfolioinvestmentin Asia, Europe, and South Africa. In Latin
America the total effect of VIXindex is smaller.

Inthe analysis byregion, we find thatin the last decade, econom-
ic growth has been a driver of total capital flows to emerging Asia.
For this region, we find that for every 1 percentage point that the
domestic economy outgrows the USA, total flows as a percentage of
GDP increase by 0.63 percentage points.

In the second exercise, we measure the impact of Treasury secu-
rities purchases directly, and we find that these indeed are associ-
ated with more capital flows in both Asia and Latin America. Our
evidence suggests that the effect is greater in Asia, although the ef-
fect was statistically significant for the total and portfolio flows in
Latin America. We find that these programs are associated with an
increase of total capital flows in Asia and Latin America. Addition-
ally, ourresults suggest that economic growth hasanimpactontotal
capital flows in EME, in all three regions. These results are summa-
rized in Table 5.

% The total effect from the USA 10-year interest rate is obtained from the
sum of S, and f,.
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In this regression, we find that a 1% increase in treasuries pur-
chases is associated with a 7.6% and 12.0% increase of total capital
flows in Latin America and Asia, respectively, but with no effect in
Europe and Africa. In terms of portfolio investment, the effect of
treasuries purchasesis higherin Latin America thanin Asia, butin
the former, FDIis not affected by these programs.

Consistent with our previous results, higher growth differential
withrespecttothe USAisassociated with higher capital flows. In the
case of Latin America, this is statistically significant for total and
portfolioinvestment, and in the case of Asia, we find evidence for to-
tal capital flows. Itisalso worth noting that uncertaintyin financial
markets measured by the VIX is an important factor behind capital
flowsin all regions and for all types of investment.

6.3 Robustness Checks

In order to check the robustness of our results, we test an additio-
nal hypothesis.

Since our modelis better at explaining total and portfolio flows,
we want to rule out other possible explanations of the increase in
this kind of investment. In particular, we test whether the inclusion
ofacountryinthe Citigroup World Government Bond Index (WGBI)
isassociated with the observed increase in portfolio investment. In
order to measure the impact of the inclusion in the WGBI we decide
touseadummyvariable equalto 1 for the countrieswhichbondsare
included in thisindexsince the quarter that theywere included. To
have a better specification of our model, we decide to measure the
impact of QE programs by the total purchases of MBSand treasuries.
We run this regression for total portfolio investment and for debt
flows. The results are reported in Table 6.

Our analysis suggests that the inclusion in the WGBI is not asso-
ciated with the increase of capital flows that is observed in the last
decade, which supports our previousresults that QE programs were
among the main drivers of portfolio investment in the last years.
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7. CONCLUSIONS

With the increase in capital inflows that was observed in EME since
2005 and the deepening of thistrend in the years following the 2008
financial crisis, the debate about the potential benefits and risks as-
sociated with massive capital inflows hasregained importance. On
the one hand, capital flows can contribute to further growth in the
region ~through more investment and lower capital costs—. Howe-
ver, the magnitude and composition of capital flows can pose risks
to financial stability in these countries. In this context, itisrelevant
to understand the factors behind the increase that has been obser-
ved in capital flows in recent years.

The empirical evidence suggests that during the postcrisis pe-
riod there was an increase in capital inflows to EME and that the ef-
fect of USA quantitative easing programs, measured both through
thelong-term USAinterest rate and through the treasuries purchas-
es, had animpact on capital flows. However, the effect was different
depending on the region and type of investment. In particular, our
results suggest that during the postcrisis period, massive capital
inflows into Asian and Latin American economies were observed,
butthereisnotastatisticallysignificant effect for emerging Europe
and South Africa. We also find that this increase in capital inflows
to EME in the postcrisis period is associated with a reallocation of
resources across types of investment. In the case of Latin America,
a lower USA interest rate generates an increase in portfolio invest-
ment, while Asian economiesregistered anincrease in both portfo-
lio and total investment, though FDI is not statistically significant.
Theresults obtained for FDI confirm that thisisalong-term process
and the analysis of this type of capital flow should be examined more
carefullyusing other methodologies. When we measure the impact
of QE through treasuries purchases directly we find that the effect
is bigger in Asia for the three types of investment and is significant
for Latin America as well.

Asprevious studies have found, risk aversion seems to have a sig-
nificant impact on capital flows to EME, particularly on portfolio
investment. Our evidence suggests that episodes of increased risk
aversion areassociated with capital outflows from all EME, although
theimpact seems to be higherin Asia.

Regarding pullfactors, we find that economic growth has played
animportantrole in the increase of capital flows in EME during the
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last decade, with respect to the full sample. On the contrary, we do
not find evidence to suggest that in our period of analysis the poli-
cyrate differential is an important driver of capital flows nor trade
openness nor the WGBI.

These results are particularly relevant in the current economic
environment, in which the last QE program in the USAhas ended and
where the Federal Reserve started the normalization of its monetary
policy by raising federal funds in December 2015. It is anticipated
that the increase of interest rates in the United States will generate
areallocation of resources, encouraging capital flows to the Unit-
ed States. If this process also comes amid greater market volatility,
capital outflows from EMs could be exacerbated due to the sensitiv-
ity of capital flows to the implied volatility in financial markets. It is
alsoworthnoting thatthe normalization of USAmonetary policy will
take placeinan environment where USAgrowth is gainingstrength,
while growth perspectives for EME are less optimistic.
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ANNEX

Table 7

DETERMINANTS OF CAPITAL FLOWS TO EME:
PANEL REGRESSION RESULTS

Portfolio
Total investment FDI
(1) (2) )
L(-1) 0.092° 0.144¢ 0.134¢
(0.058) (0.047) (0.047)
USA 10-year real interest rate 8.853" 5.374" 0.461
(8.359) (2.319) (0.32)
VIX —0.060¢ -0.041¢ -0.007
(0.009) (0.006) (0.005)
Policy rate differential 0.123 0.022 0.026
(0.194) (0.121) (0.077)
Growth differential 0.640¢ 0.125° 0.053
(0.206) (0.159) (0.085)
Post-crisis period 20.194¢ 13.248° 0.771
(8.322) (5.553) (1.053)
Post-crisis period*USA 10-year -10.834¢ -6.057" -0.576*
real interest rate (8.754) (2.578) (0.299)
Trade openness 0.021 0.023 -0.014
(0.052) (0.039) (0.021)
Country fixed effects Yes Yes Yes
J-Statistic 6.25 2.59 2.66
P(J-statistic) 0.10 0.28 0.62

Coefficients estimated with GMM. Standard errors are reported in parentheses.
*, *, ¢indicates significance at the 90%,95%, and 99% level, respectively.
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Table 8

VARIABLES USED
Variable Description Source
Capital flows FDI, portfolio investment, Balance of
debt and other investment Payments, IMF
liabilities
GDP Nominal, in current USAD, Haver Analytics
quarterly
USA 10-year interest Real interest rate, monthly Federal Reserve
rate
VIX index The CBOE volatility index, Bloomberg
daily
Monetary policy rate Percent, monthly Haver Analytics
and Banco de
México
Inflation rate Annual percent change of Haver Analytics
CPI, monthly
Growth rate Annual percentage change, Haver Analytics
quarterly
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Abstract

This paper estimates the impact of US monetary policy shocks on Central Ame-
rica and the Dominican Republic economies, using a factor augmented VAR
model. A sign restriction approach is implemented for the identification of
such shocks. Our results indicate that US monetary policy shocks affect the-
se economies mostly through its effects on the real side of the economy due to
its impact on external demand and the reduced role of the exchange rate as
a shock absorber, where countries with less flexible exchange rate regimes are
movre affected. Likewise, the flow of remittances is also negatively influenced,

revealing another channel through which foreign monetary shocks impact the
Central American andthe Dominican Republic economies. On the financial
side, domestic interest rates will rise and net international reserves will fall
as central banks limit volatility in exchange rates.
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1.INTRODUCTION

yearafter the end ofitsunconventional monetary policystrate-

gy, the Federal Reserve decided toincrease the federal funds

rate (FFR), event that puts an end to seven years of policy in-
terest rates at the zero lower bound. This phenomenon, known as
monetary policy normalization, has been a source of concern for
policymakers of both advanced and emerging economies, given
that a steep path in interest rates could increase financial market
volatility. This decision reopens the question of how USA monetary
policy shocks spillover to the rest of the world, in particular in the
context of historicallylowinterest rate levels. Of particular interest
is the question of how this type of shocks affects economies with a
low degree of financial linkages with international capital market
flows, such as Central American and Caribbean economies.

Themain objective of this paperisto quantifythe effects of foreign
interestrate shocks, measured through the USAFFR (a conventional
monetary policy instrument), on the economies of Central Ameri-
caand the Dominican Republic (hereafter CADR). Thisisarelevant
subject for policy makers in these economies because of the impor-
tant commercial linkage of CADR countries with the USA economy,
despite the low degree of financial development and linkages with
international capital market flows relative to other Emerging Mar-
ket Economiesin Latin America.

The empirical strategy employed to study this phenomenon in-
tends to measure the country-specific effects of USA monetary po-
licy shocks. We estimate a factor-augmented vector autoregressive
model (FAVAR) with a foreign variables block, where the USA is the
relevant foreign country for these economies. Common factorsare
extracted from a country data set of nearly 80 macroeconomic va-
riables of CADR countries' for the period 2003-2014.

! Countries include: Costa Rica, El Salvador, Guatemala, Honduras, and
the Dominican Republic. Nicaragua is excluded from the sample due to
lack of data prior to 2007.
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Two empiricalissuesarise in the quantification of the effect of USA
monetary policy shocks. One issue is the identification of this type
of shock. The properidentification is critical to understanding the
transmission mechanism of this type of shock to these economies
(see Canovaand De Nicol6, 2003; Kim, 2001; Canova, 2005). We ad-
dress this problem using sign restrictions to identify the effects of a
USAMP on the economies under study.

Anotherissueisthe decreasingvariabilityafter 2008 of the FFRas
it adjusts to the zero lower bound. While the FFR has remained un-
changed for the last seven years, the Federal Reserve has employed
nonconventional instruments, known as quantitative easing (QE)
programs, which have led to amore expansive monetary policy than
what can be accounted for by the effective FFR. Therefore, in order
to address thisissue, we use the shadow federal funds rate (Wu and
Xia, 2016) as our measure of the monetary policy instrument.

To date, thisis one of the first works that addresses the effects of
USAmonetary policyshocksfor Central Americaand the Dominican
Republic. Other papers have used the FAVAR methodology to study
the international transmission of monetary policy shocks. Mumtaz
and Surico (2008) extend the model of Bernanke et al.(2004) to the
open economy case, analyzing the transmission to seventeen indus-
trial countries. Meanwhile, Cruz-Zuniga (2011) studies the effects
of a change in the USA monetary policy for the Mexican and Brazi-
lian case.

Summarizing the main findings, USAmonetary shocks have con-
tractive effects onthese economies. The evidence suggestsan unam-
biguous fall in real output for each of the considered economies,
revealing that foreign interest shocks work as an important driver
of the common business cycle in CADR countries. The relative im-
portance of exchange rate stability for monetaryauthorities in the-
se countries minimizes the response of this variable, hence rising
interest rates and falling net international reserves do most of the
adjustment. On the real side, exports fall due to the dominance of
theincome absorption effect over the expenditure switching effect,
backed by the limited fluctuation in real exchange rates. However,
arecovery in trade balance is observed, as imports decrease more
than exports, product of a fallin domestic demand due to the con-
tractionary effects of monetary tightening. Finally, remittances,
which are animportant source of non-laborincomein these econo-
mies, respond negatively since the contractionary monetary shock
isasignal of a future fallin USA aggregate demand.
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The paper is organized as follows: Section 2 presents the litera-
turereview; Section 3 describesthe exchange ratearrangementsin
these economies. Thisisimportantbecauseitisacharacteristic fea-
ture of CADR economies that could influence the empirical respon-
ses to foreign monetary shocks. Section 4 describes the empirical
methodology; Section 5 compares the results for a positive interest
rate shock to main Central American and Dominican indicators;
Section 6 concludes.

2. LITERATURE REVIEW

Literature related to conventional monetary shocks, measured
throughinterestrate changes, although extensive, focuses on normal
times, i.e., periods that do not include hyperinflation episodes, cu-
rrency crises, or massive recessions (Canova, 2005). When studying
monetaryshocksand theirinternational transmission, two empiri-
cal strategies can be distinguished: Those based on the estimation
of structural (DSGE) models, which by construction suggests expec-
ted paths for variables under this type of shocks, and those which
are data oriented, based on empirical relations.

In theoretical models, inspired by the Mundell-Fleming-Dor-
nbusch (MFD) modeland the Obstfeld-Rogoffextension (1996), the
transmission of monetaryshocksto other economiesoccurs through
two main channels: Current account and exchange rate.

Atighteningshockinthe countryoforiginisassociated with afall
inoutputand anappreciation of the currency of that country. Howe-
ver, the impact of that shock on other countries isambiguous, since
two offsetting mechanisms work simultaneously, with no clear evi-
dence of which onewould dominate: on oneside, the exchange rate
inthe foreign countrydepreciates, having a positive effect on econo-
micactivity (expenditure-switching effect); meanwhile, the interest
rate hike shrinks domestic outputin the country of origin, leading
toafallin the demand for exports of foreign countries (income-ab-
sorption effect; Kawai, 2015). Likewise, intertemporal models also
show ambiguous results, even after including future expectations
from economic agents as an additional mechanism (Kim, 2001).

Empirical models (see Lastrapes,1992; Eichenbaum and Evans,
1995; Grilliand Roubini, 1995; Kim and Roubini, 2000; Claridaand
Gali, 1994) employstrategies that minimize restrictions, using data
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to identify transmission mechanisms for the exchange rate case.
Kim (2001) compares the empirical results with different theoreti-
cal models, finding that an expansive monetary shock in the USA,
measured by a drop in the world interest rate, has a positive effect
on growth for G6 economies, which matches the results suggested
byintertemporal models (see Svensson and van Wijnbergen, 1989;
Obstfeld and Rogoff, 1995). Also, the trade link is not significant,
whichis not consistent with the beggar-thy-neighbor theory of the MFD
basic model. The paper concludesthat the exchange rate response
doesnotdepend onwhethertheidentifyingstrategiesare recursive
ornot, as prompted by Kim and Roubini (2000) and Cushman and
Zha (1997). Other findings of Kim (2001) include the exogeneity of
USAto non-USA monetary policy.

Theinternational transmission of monetaryshockstoindustrial
countrieshasbeenrecentlyaddressed by Vespignani (2015). Mumtaz
and Surico (2008) explore the effects of a decrease in the interna-
tional short term interest rates on the United Kingdom, finding a
positive impact on GDP, investment and consumption after ayear.
Ontheother hand, the studyof Jannsen and Klein (1991) finds that
anincrease in aforeign interest rate (Eurozone, in this case) hasa
positiveimpact on domesticinterest ratesforaset of countries that
have notadopted the euro.? Theincreasein the interestrates trans-
latesintoa contractionin GDP through areductionin domestic de-
mand. Meanwhile, exportsdecline, exposing theimportance of the
income-absorption effect in these economies. Since both exports
and imports decline, nosignificant changesare observedin the tra-
debalance. The response of these variables, aswell as the negligible
role observedinthe exchangerate, is similar to the reaction of cou-
ntries with a fixed exchange rate regime, revealing the importan-
ce of exchange rate stabilization for these small open economies.

For developing economies, the degree of transmission of inter-
national monetaryshocksvariesaccordingtothe currencyregime,
macroeconomic fundamentals and country-specific structural cha-
racteristics (see Bordaet al., 2000; Arora and Cerisola, 2001; Mac-
kowiak, 2007; Canova, 2005; Cruz-Zuniga, 2011). These authors
identify, through different VAR specifications, two key transmission
channels: Trade balance and interest rates.

2 The set of countries include the United Kingdom, Denmark, Sweden,

Norway, and Switzerland.
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The research of Bordaetal. (2000), related to the contribution of
USAmonetary policyto Caribbean business cycles, concludes that for
countries with a flexible exchange rate regime, a world interest rate
shock has a negative effect on output due to an increase in the real
exchange rate thataugments the cost of inputs. However, itindicates
that GDP for Caribbean countries is not mainly driven by the world
interest rate, but rather by the exchange rate, highlighted as an im-
portant transmission mechanism. This result is consistent with the
conclusions of Mackowiak (2007), where the typical response of an
emerging market economytoatightening of the USAmonetary policy
isexchange rate depreciation, inflation and a fallin economic activi-
ty.* Meanwhile, theresults provided by Canova (2005) suggest that the
interestrate channelservesasanamplifier of USAmonetary changes,
conferringthetrade channelaninsignificantroleinthe transmission
of monetary shocks from the United States to Latin America.

Sinceinterestratesremained at the ZLB up to December 2015, the
study of the international transmission of monetary policy focused
on the impact of unconventional instruments adopted by industrial
countriesafterthe 2007 international crisis. Thisapproach hasbeen
used by different authors, who analyze its spillover effects to emer-
ging economies. Overall, their results confer a more important role
to financial linkages and trade channels.

Hausman and Wongswan (2006) explore the channels of USA mo-
netary policy transmission through the Federal Open Market Com-
mittee announcements, noting thatacountrywithahigherdegree of
realand financialintegration with the USAhas a greater interest rate
response, as well as those with less flexible exchange rates. In sum-
mary, unlike Ehrmann and Fratzscher (2006), they suggest that real
and financial linkages with the USA are more important than those
with the rest of the world.

Likewise, Bauerand Neely (2013) distinguishes the relative impor-
tance of the signaling and portfolio balance channels to explain the
contribution of unconventional policyto the reduction of bondyields
inmost countriesafter the international crisis of 2007.* Through a dy-
namic term structure model, they conclude that both channels are

* Countries under analysis are Korea, Thailand, Malaysia, Philippines,

Singapore, Hong Kong, Mexico, and Chile.

' Australia, USA, Germany, Canada, and Japan
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important.Nonetheless, Chen etal. (2014) indicate that the spillovers
toasset pricesand capital marketsare largerif they come from signal
surprises. They highlight that even if unconventional monetary po-
licies have a greater impact than conventional ones, characteristics
suchasbetterfundamentalsand amoreliquid market structure help
to mitigate the effects. Bowman et al. (2014) also demonstrates that
although fluctuations of asset prices in emerging markets after a UsA
monetary shock are bigger than fluctuationsin the country of origin
(UsA), weaker fundamentals explain, in part, this overreaction. For
the effects of unconventional monetary policy to other countries, see
also Craine and Martin (2008).

More recently, the expectations of an interest rate hike in the USA
prompted the study of the international impact of such an event. In
this context, research analyzing the spillover effects on foreign cou-
ntries of this conventional monetary policyinstrument hasresurged.
For the Central Americanregion, Valle and Morales (2016) employa
recursive identificationstrategy (Cholesky) foraforeigninterestrate
shock (USA, in this scenario). AVARis constructed for each economy,
where the USA block of variables is exogenous. Their main results in-
clude a multiple shock approach (including as well separate growth
and remittances shocks), summing an overall positive effect for the
normalization of USA monetary policy. Nonetheless, as Fornero et
al. (2016) indicate, the identification of foreign monetary shocks is
not straightforward in recursive VAR models. For this reason, those
authors compare theresultsfromaSVARmodel with sign and zerores-
trictions (SZR) and a DSGE modelfor the Chilean economyto studythe
effects of foreign monetary policy on Chilean output and the overall
economy. For the SZR model, aone percent positive shock of the fore-
ign interest provokes a statistically significant decrease in local acti-
vity and exchange rate depreciation, while inflation (although with
nosignificantchange) firstincreases bythe depreciationand later on
decreases bythe weak demand. The impulse responses derived from
this scheme provide results in line with macroeconomic theory. The
main differences with the DSGE model come from the length of the
propagation of the shock and the impact on inflation, where in this
scheme the impact on inflation is statistically significant.

> Thesignal channelis more important for countries with a strong response
to conventional monetary policy surprises in the USA; and the portfolio
balance is consistent with the degree of substitution of international bonds
between countries.
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3. EXCHANGE RATE ARRANGEMENTS IN CADR
ECONOMIES

One of the peculiarities of these economiesis the importance of ex-
change rate stability as a policy objective. For the region, de facto
exchange regimes for most countries are classified between diffe-
rentdegrees of managed floating to dollarization. Accordingto the
Annual Report on Exchange Rate Arrangements and Exchange Restrictions
2014 by the International Monetary Fund, Guatemala has shown
greater flexibility, being classified as floating for different years in
the period under consideration, even though it shares the volatility
ofiitsinternational reserves with the other exchange rate targeters
(Jacome and Parrado, 2007). Honduras and the Dominican Repu-
blic follow a crawl-like arrangement, while Costa Rica has the least
flexible regime after El1Salvador, whichis a dollarized economy.

Table 1
CLASSIFICATION OF EXCHANGE RATE ARRANGEMENT
FOR CADR COUNTRIES
Country Exchange rate arrangement’

Costa Rica Other managed arrangement?

El Salvador No separate legal tender
Honduras Crawl-like arrangement
Guatemala Crawl-like arrangement
Dominican Republic Crawl-like arrangement

! Classification according to the Annual Report on Exchange Rate Arrangements and
Exchange Restrictions 2014 by the IMF.

?As the report states, “this exchange rate arrangement is characteristic of periods
when volatile foreign exchange market conditions hinder the use of more clearly
defined exchange rate arrangements”. It was previously classified as stabilized
arrangement in 2013.

®  The Annual Report on Exchange Rate Arrangements and Exchange Restrictions
2014 reclassified Guatemala as crawl-like arrangement, previously consi-

dered a floating regime.
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The exchange rate regime of a country determines the conduct
of its monetary policy. Even though price stability is the aim of all
regimes, their primary shock absorberis not the same; therefore, it
shapesthe degree of transmission mechanisms of foreign monetary
policy shocks. Likewise, many countries claim to be floaters, while
actuallyadhering to an exchange rate regime. As Canova (2005) ex-
plains, the lack of a differentiated transmission mechanism of USA
monetary shocks between groups of floaters and non-floaters, for a
set of Latin America countries,” may arise because floaters may su-
ffer from fear of floating, see Calvo and Reinhart (2000), thus using
international reserves to offset exchange rate volatility.

4. EMPIRICALMETHODOLOGY

In this section we describe the empirical strategy used to characte-
rize the transmission mechanism of USA monetary policy shocks to
CADR economies.® The approach consists of two steps. In the first
step, we use amulticountry dataset comprising 76 macroeconomic
variables forall CADR countries to estimate common factors through
Principal Components. These factors sum up the macroeconomic
information for the whole sample of abovementioned countries and
are used as indicators of the state of the economy (business cycle)
for the CADR region. In the second step, we specify a dynamic mo-
del between the estimated common factors and a block of foreign
variables, where the latter includes the FFR. Once the model is esti-
mated, we address the issue of proper identification of the impact
of USA monetary policy shocks on foreign economies and estimate
the effects on CADR macroeconomic variables.

4.1 First Step: Data Description
and Common Factors Estimation

Thissection explains howwe collectand treat data of the economies
under analysis. First we describe the dataset used and its characte-
ristics. Then we discuss the procedure for data reduction through
factor estimation.

7 Countriesunderanalysisinclude Argentina, Brazil, Chile, Ecuador, Mexico,

Panama, Peru, and Uruguay.
8 Countries include: Costa Rica, El Salvador, Guatemala, Honduras, and
the Dominican Republic. Nicaragua is excluded from the sample due to

lack of data prior to 2007.
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4.1.1 Data Description

We take a broad sample of data, consisting of the main macroeco-
nomic indicators for a set of small open economies on a monthly
basis: Costa Rica (CR), El1Salvador (ES), Honduras (HN), Guatemala
(GT), and the Dominican Republic (DR), for the 2003-2014 period.
The complete set of variables and the transformations performed
are shown in Annex A. All variables are expressed in twelve-month
variation, and standardized by subtracting the sample mean and
dividing by the sample standard deviation.
The dataset comprises three main groups:

a) Real Indicators

This group contains variables from the real sector of the economy,
i.e.realactivityindicators,’exports, imports, trade balance and re-
mittances, allinreal terms. From the fiscal sector, we incorporate to-
talfiscal revenue and expenditure, bothinreal terms. Byincluding
this group, we aim to capture the varying responses across sectors
and periods to business cycles, and how they might respond diffe-
rently to a foreign interest shock.

b) Pricesand Relative Prices

This group consists of real exchange rates and consumer price in-
dexes (CPI). Finally, nominal and real exchange rates (local curren-
cy price of USA dollar) are included.

¢) Financialand Monetary Sector Indicators

Thissetis composed of several measures of interestrates, including
lending and deposit rates (in nominal terms). We also include cre-
dit growth to the private sector in real terms as an indicator of the
business cycle. Finally, to capture the overall evolution of money
supply, we include M1.

4.1.2 Common Factor Estimation

Instead of estimating a structural VAR model for each country, we
address the research question using a data reduction approach to
deal with the dimension of the by-country dataset described in the
last section.

?  We utilize a monthly indicator of economic activity called Indicador
Mensual de Actividad Econémica (IMAE, for its acronym in Spanish).
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Our methodology employs the estimation of common factors
through principal componentsanalysis summarizing the set of varia-
blesdescribed above. This methodology-introduced to forecasters
by Stock and Watson (2002) and to macroeconomics by Bernanke
etal. (2004)- extracts from alarge set of dataasmaller group of fac-
tors that drive the dynamics of the whole sample. This mechanism
allows the researcher tosummarize big dataneatly, avoiding the cur-
seof dimensionality, while at the same time accounting for the crucial
information.

We use the principal components analysis to estimate these com-
mon factors. This analysis extracts a series of factors from N num-
ber of variables, which are linear combinations of this data set, and
attempts to: ¢) minimize noise, since the extracted factors contain
the mostimportantinformation, leaving aside noisy deviations and
b) minimize redundancy, since two factors should not contain the
same information from the dataset, but should express different di-
mensions along which the data varies.

Suppose we have Mseriesspanning 7 periods, collectedin M x1
vectors X, , fromwhich we extract Nfactorsspanningthesame 7T pe-
riodsina N x1 vector F,,where N <M . These factors resume the
information shared by the variablesin X,. X, and F, arerelated by
the measurement equation:

i X, =AF,

where the matrix A is M x N .Itselementsare called factorloadings;
these associate the value of the factors to the measured variables of
the model.

For the empirical exercise, we choose the first four estimated fac-
tors, which account for 53% of the common variance of the whole
set (76 series). Since the complete dataset is used, we interpret the-
se factors as the state of the economy or common cycles between CADR
economies. Afteravisual inspection (Figure 1) we observe astrong
correlation between the first factor and GDP growth rates in these
economies. Likewise, the second factor could be related to the com-
mon behavior of CPIinflation in the countries under study.
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4.2 Second Step: FAVAR Specification and Estimation

In this step we specify a FAVAR model between the set of estimated
factors, F ,asdiscussedinSection4.1.2,and ablock of foreign vari-
ables. The block of foreign variables includes the USA CPI, USA In-
dustrial Production Index (IPI), and Real Balances (M1), which are
the typical set of variables used to analyze the impact of MP shocks
in the USA (Sims, 1992). As for the measure of the USA monetary po-
licy instrument, the effective FFR remained unchanged for the last
sevenyears. Nonetheless, the Federal Reserve has employed noncon-
ventionalinstruments, knownas quantitative easing (QE) programs,
which have led to a more expansive monetary policy than what can
be accounted for by the effective FFR. Therefore, in order to address
thisissue, we consider the Wu-XiaShadow Federal Funds Rate as our
measure of the monetary policyinstrument (Wuand Xia, 2016). We
also consider the Volatility Index (VIX) as a measure of the interna-
tional risk premium.

Following Canova (2005), we assume that domestic variables
(summarized in the common factors from the first step) donot have
an impact on foreign variable dynamics (the small open economy
assumption). In addition, we assume that VIX has no impact on USA
macroeconomic variables, but the latter have influence on the level
ofrisk perception. Thisassumptionisjustified underthe argument
that the macroeconomic impact of financial risk shocks is difficult
to trace, because 1)it is difficult to rule out the contemporaneous
response of uncertainty shocks from financial shocks, and 2) that
the effects of uncertainty shocks seem significant only in cases of
tightening financial conditions (Caldara et al., 2016). Expression 2
summarizes the specification of the FAVAR model:

] W,=C+>" AGOW,_, +V,,

Y, c’ Ay 0 O v
where W, =| VIX, |, C=|c"™ |, A()=|ay ay O |, V,=|0/™
Ft CF Aso A31 A32 V,F

Here, Y, includes USA macroeconomic variables mentioned abo-
ve. Exogeneityrestrictionsare represented by the matrix O . V, isthe
reduced form error term with mean zero and covariance matrix X,
This errorisalinear combination of structural shocks.
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To assess the dynamic responses of the measurement variables
toforeigninterest shocks we rewrite Equation 2 in terms of a vector
moving average, VMA (oo) :

W, =2  B(i)V.

From the relation between reduced form residuals and structu-
ral shocks:

W=, B()DE, or W,=3. G())DE,

where Disthe matrix of structural coefficientsand Eis the vector of
structural shocks. In particular, Eincludes the USAmonetary policy
shock of interest, efm. Therefore, theimpulse response of common
factorsvectorto the shock of interest is:

B S =G(s),

FFR
O¢,

for s=0,1,... K and G(s) avector with the response of each factorin Ff
to the structural innovation on the federal funds rate.

Our concernisonthe dynamicresponse of observables X, tothe
monetaryshock, sousing 1 and 3,

aXH—S :A aEﬂ' :AG(S)

FFR FFR
O¢, O¢,

For example, the response of variable ¢ to the foreign interest
rate shock is:

Ox,
’xz,Hs _2, afiHs +)“ a_f‘.)tﬂ +. )« afK[+J

FFR — 771 FFR 2t FFR o Ki FFR
O¢ O¢, O, O¢,

:zligl(s)_{—z'?ig? (s)+"'+/lKigK (s)

4.2.1 Identifying USA Monetary Policy Shocks

To complete the explanation of our empirical methodology, we now
discusstheidentification strategy of USAmonetary policyshocks. To
drawa coherent characterization of the transmission mechanism of
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interest, it is important to instrument the proper identification of
this shock. Recursive (Cholesky) ordering for the foreign variables
block leads to wrong measurement of the shock of interest revea-
led in the traditional puzzles, as discussed in Fornero etal. (2016).

Therefore, weadoptasignrestrictionapproach, asiscommonin
the literature on the transmission mechanism of foreign monetary
shocks. According to the theory, a contractionary foreign interest
rate shockleadstoafallin output, diminishinginflation pressures,
whereas exchange rate appreciates, as expected from theoretical
models."

We rely on this strategy popularized by Canova and De Nicol6
(2003), Uhlig (2005) and Gertlerand Karadi (2014) for our identifi-
cation strategy." Ourgoalisto estimate structural shocks associated
with models that produce the expected response of USAvariables to
exogenous monetary policy movements through the FFR. In parti-
cular, we impose the following sign restrictions in the spirit of Ca-
novaand De Nicol6 (2003), where prices are sluggish and output has
alagged response to monetary innovations. As in Uhlig (2005), we
limitsignrestrictions on the impulse responsesto provide a minima-
listic identification, therefore notimposing further views beyond the
sign restrictions themselves. We impose restrictions on the foreign
variables block only on impact, where the horizon for the sign res-
triction to hold is one period, thus:

FFR>0, t=1
USATIP growth <0, t=2
USA CPIinflation <0, =2
USAreal balance growth <0, =2,

where tdenotes the period in months where the sign restriction is
imposed. The rationale for this identification strategy for the USA
monetary policy shocks is that the transmission of monetary policy
innovations to the economy occurs with lags.

' Uhlig (2005) employs an agnostic identification procedure to study the

effects of monetary policy on output. He finds no clear effect of interest
rate hikes on real GDP.

However, as emphasized by Fryand Pagan (2011), we recognize the multiple
model issue arising from the transformations of the new set of structural
shocks.
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5. RESULTS

Inthissectionwe discusstheresponsetoaforeigninterestrateinno-
vation of domesticvariables (through theassociated factorloadings
to each of the estimated factors included in the FAVAR model). The
shockis calibrated by a one-time 25 basis point unexpected increa-
se to the shadow FFR, our proxy of monetary policy rate in the USA.
Table 2summarizes the qualitative response of macroeconomic va-
riables for each economy. Complete results in terms of impulse res-

ponse function are shown in Annex B."

Table 2

RESULTS OVERVIEW

Dominican
Variables Costa Rica  El Salvador — Guatemala ~ Honduras Republic
Output ! ! ! ! !
Exports l
Imports l

Trade balance
Remittances
CPI inflation

Real exchange
rate

Nominal
exchange rate

Net
international
reserves

M1
Private credit
Interest rate

EMBI

!
!
T
!
!

1

l
l
T

l
l
T
!
J

l
l
T
|
1

U
l
T

1

Source: Author’s estimation. 1 (]) represents a statistically significant increase (decrease).

12

In Annex Bwealsoinclude impulse responses assuming a recursive identi-

fication strategy using Cholesky decomposition. The problems to identify
monetary policy shocks arise when such approach is used.
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According to the estimated impulse response functions, a positi-
ve shock to the FFR has a negative impact on main real domestic va-
riables. For all countries under analysis, output, export and import
growth rates fall. In addition, financial sector variables such as in-
terest rates and risk premium increase, while money and credit de-
mand decrease. Thereisno evidence of significant nominaland real
exchange rate adjustments to the shock, while we find a decrease in
international reserves for three of these economies.

The empiricalliterature on transmission mechanisms of USAmo-
netary policy shocks (see Canova, 2005) emphasizes the role of the
exchangerateregime and the degree of financial integrationin the
magnitude of the pass-through to domestic macroeconomic varia-
bles (realand nominal) of these type of innovations. Therefore, cou-
ntrieswith flexible (less-flexible) exchange rate regimesand relative
high (low) integrated financial markets show less (more) volatilityin
domestic variables such as output and interest rates.

Despite that, impulse response results suggest depreciation pres-
sures after a foreign interest shock in CR, GT, and HN are not statis-
tically significant. Instead, our results illustrate that central banks
reacttothe externalshock byincreasinginterestratesacrossall cou-
ntries and reducing net foreign reserves in CR, HN and the DR. Risk
premium rises in ES and the DR, evidence of a tightening in foreign
financial conditions." Likewise, positive inflation pressures are not
observed due to interest rate reaction and thus a limited exchange
rate pass-through effect.

Ontherealside, ourresultsshowanegative effect on output growth.
Similarly, export and import growth fall in all countries. These re-
sultsareinlinewith Jannsen and Klein (2011) which emphasizes the
importance of the income-absorption effect over the expenditure-
switching effectin countrieswithactive exchangerate policies orien-
ted to stabilize this variable. Nevertheless, the fallin import growth
exceedsthefallin exports;therefore, trade balance improves for most
countries considered, excluding ESwhose resultsare notsignificant.
Thisfindingis opposite to the prediction from theoretical open eco-
nomy DSGE literature, such as Gali and Monacelli (2005), where the
realdepreciationinduced byaforeigninterestrate shock triggersan
exportincrease. Behind this theoretical transmission mechanismis
the assumption of relative flexibility in exchange rate markets.

¥ Data for the sample period are only available for these two countries
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Finally, remittances are an importantinflow of foreign resources
to CADR economies, up to 16% of GDP for ES and HN in 2013. This
inflow depends on economic and labor market conditions where
domestic labor force emigrates. Our results highlight the negative
response of remittances flow in all countries (excluding GT where
the response is not significantly different from zero). This consti-
tutes an additional channel through which foreign interest shocks
impact domestic activity.

6. CONCLUSION

In this document we analyzed the impact of USA monetary policy
shocksonthe developing economies of Central Americaand the Do-
minican Republic. Aswe mentioned, these economies are different
from other emerging economies given their lower financial deepe-
ning, their lesser exposure to capital flows and higher weight of ex-
change rate stability in central bank loss functions.

Usingamulticountrydataset of macroeconomicvariableswhich
includesreal sector and monetaryindicators, we identify the trans-
mission mechanism of foreign (USA) interest rate shocks to the do-
mestic economy. Impulse response analysis suggeststhat thistype of
shock pushes down real output, exportsandimports. Inaddition, a
USAmonetary policyshockwill have lowimpact on nominal exchan-
ge rates, at the cost of increasing interest rates, falling net interna-
tional reserves and rising risk premium.

ANNEXES

AnnexA. Data Description

Allserieswere directly taken from the Consejo Monetario Centroameri-
cano/Secretaria Ejecutiva Database, except for the Miscellaneous se-
ries (sourcesatthe end of the Annex). Formatis presented as follows:
Series name; data span and series description as appears in the da-
tabase. Nominal variables, except NER and interest rates, were CPI
deflated. Asfor the transformation, the interest ratesare presented
asyear-on-year first-difference values. The rest were one yearlogged
differentiated. All transformed variables are mean detrended and
expressed in terms of their standard deviation.
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Annex B.Impulse Response Functions Figures
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Figure B.1 (cont.)
FAVAR WITH SIGN RESTRICTIONS

Output

Exports

Imports

Sooccooos
OO
N OO0 Rt

Remitances

CPI

Note: All results are expressed in terms of a 25-basis points shock
to the Wu-Xia Shadow FFR.

212 A. Checo, S. Pradel, F. Ramirez



Figure B.1 (cont.)
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Figure B.1 (cont.)
FAVAR WITH SIGN RESTRICTIONS

HN DR
0.08 0.03
0.06 0.02["
NER 0.04[, oou e )
0.02| . om
0.00 = ~0.02
-0.02 -0.03
-0.04| o —0.04| ceeemT
5 m B S (U E ()
NIR 07t
0.000[!
~0:025
000 ———5
0.02y _ 0.04
0.00 0.00 et s
fggi -0.04| /-
M1 0.6/ ~0.08})7
—0.08' -0.12f
B TORS R OO0 15 20
0.02 0.04
0.00—— 0.02 .
-0.02| - 0.00 -
-0.04 |/ -0.02
. 0.6} ~0.04
Credit _0.08) -0.06
-0.10 ~0.08
5 10 15 20
0.10 0.12
0.08} a8t
Interest 0.06 |\<- 0.06 [\*
0.04/: 0.04|
rate 0.02|" 9021,
0.00 -0.02 e }
-0.02 ~0.04
5 10 15 20
0.16
0.12
0.08
EMBI 0.04
0.00
-0.04

ot
—
o
—
ot
o
=]

Note: All results are expressed in terms of a 25-basis points shock
to the Wu-Xia Shadow FFR.

214 A. Checo, S. Pradel, F. Ramirez



Figure B.2
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Figure B.2 (cont.)
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Figure B.2 (cont.)
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Abstract

We show robust evidence that quantitative easing policies implemented by the
Federal Reserve cause portfolio rebalancing by USA investors towards foreign
assets in emerging market economies. These effects are on top of any effects
such polices might have through global or specific conditions of the recipient
economies. To control for such conditions, we use capital flows from the rest
of theworld to the same recipient economy as the counterfactual behavior for
USA investors or, formally, as a proxy variable forunobserved common driv-
ersof the flows. We gather a comprehensive dataset for Brazilian capital flows
and a smaller dataset for other emerging market economies from completely
independent sowrces. Both datasets show that more than 50 % of USA flows to
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1.INTRODUCTION

egardingitslarge-scaleasset purchase programs, the Federal

Reserve hassupported the viewthat portfoliorebalancingisan

important transmission channel to the macroeconomy.! The
basicintuition of portfoliorebalancingisthat, underimperfectasset
substitution, say between bonds of different maturities or between
foreign and domestic bonds, asset prices are sensitive to the rela-
tive supply of the assets (Tobin, 1969 and1982). Thatis, the reduced
supply oflong-term domestic treasuries resulting from quantitative
easingreduces the marginal benefit of short-term domestic treasur-
ies, pressuring long-term bond prices and motivating investors to
shift their portfolios towards other assets. The domestic and global
macroeconomic environmentwould thenrespond to theasset price
incentives, to the likelylower financial constraints and to the flow of
capital to specific trades.

Inspite ofitsrelevance, and the severalyears of policy experiment,
there is at best partial evidence supporting directly the portfolio
rebalancing channel of quantitative easing. This includes a small
macroeconomic literature that captures stylized facts with gener-
al equilibrium models featuring imperfect asset substitution (e.g.,
Chenetal.,2012;Samiand Kabaca, 2012), aswell as an international
finance literature that points to portfolio rebalancing towards for-
eign assets in response to unconventional monetary policies (e.g.,
Fratzscheretal., 2013; Ahmed and Zlate, 2014). However, from our
point of view, the empirical evidence so far is not particularly con-
vincing due to the lack of an observable counterfactual that would
render possible a causal interpretation.

This paper contributes to the debate by proposing an observable
counterfactual to quantitative easing policies as referring to the
United States of America (USA) investor (or, for that matter, with im-
mediate adaptations, to any similar balance sheet policy conduct-
ed byadvanced or emerging market economies). By using a proper
counterfactual, we hope to establish credible causality claims be-
tween unconventional policiesand investor behavior. The essential
idea of the paper is to consider USA capital flows to a foreign recipi-
ent economy and to use the rest of the world (Row) capital flows to

' See, e.g., Ben Bernanke’s speech at the Jackson Hole Symposium, August

31, 2012.
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the same economy as the counterfactual, or, in other words, asthe
controlgroup.Since the portfolioand wealth of USA-based investors
are disproportionally affected (vis a visforeign investors) by the op-
erationalization of USA-based unconventional policies, it is natu-
ral to expect they rebalance their portfolio in distinctive manners
—therefore our interpretation of a residual effect captured by com-
parison to the counterfactual. Justto be clear, thisdoes notrule out
that quantitative easing affects the global economy and, as result,
ROW capital flows. It only requires a disproportional effect on USA-
based investors. Asaresult, any evidence of an effect conditional on
our counterfactual would be particularly strong evidence, since we
are notaccounting for other effects in common with Row investors.

We formalize the exact conditions under which Row flows to the
same recipient economy as USA flowsis a proper counterfactual. Our
argument formallyinterprets ROw flows as a proxy variable to unob-
servable globalandlocal conditionsin therecipient economyjointly
affecting USA flows and Row flows. The parameter of interest, in this
case, isthe partial effect of quantitative easing policies on USAflows
controlling for such global and local variables.

We show that the quality of the proxy variable counterfactual is
proportional to how closely global and local variables drive Row
flows. To support the assumption, therefore, we propose to include
controls in the regression that capture differences in the home en-
vironment of USA and ROW investors, since these could be residual
drivers of the respective capital flows. Interestingly, the introduc-
tion of these variablesleadstoacapital flow regression that controls
for differentials in source economies, unlike the usual regression
that controls for the differential in source and recipient economies.

Even though the overall procedure is intuitive, it may well be the
case that Row flows do not provide a good counterfactual. Howev-
er, in aformal sense, our proxy variable approach always brings us
closer to the truth. Indeed, under weak conditions, the use of our
counterfactualis guaranteed toreduce biasin estimating the param-
eter of interest. The crucial assumption to obtain this result is that
quantitative easing should drive USA flows directly, but Row flows
onlyindirectly. In essence, it onlyrequires that flows resulting from
unconventional policies at home should follow the shortest path to
the final destination, aweak substantive statement.

With the proper methodologyin place, we collect novel datasets
and estimate the causal effect of quantitative easing policies on USA
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flows directed to foreign assets in emerging market economies. In
case of a positive effect, thisis evidence of portfolio rebalancing, at
least in its international dimension (perhaps, also rendering more
plausible likely effects on the domestic dimension). The two novel
datasets constructed for this paper are based on completely inde-
pendentsources. Thefactthat the data comesfrom differentsources
increases the credibility of our results.

The main dataset of the paper consists of monthly capital flows
with Brazil as the recipient economy and the USA and ROW as the
sources. This is a unique dataset constructed for this paper over
the course of several months. The data construction follows the ex-
act same methodology of the balance of payments statistics of the
country. Itisworth highlighting that balance of payments statistics
in Brazil (and our dataset in particular) are of above average qual-
ity due to the legal requirement of filing electronic contracts in all
transactionswith foreigners. The datasetis comprehensive in terms
of categories of flows and distinguishes flows to the banking sector
from flows to other sectors.

Asasecondary dataset, we use quarterly data from the Treasury
International Capital (TIC) System for USA-based portfolio flows
jointly with data from the International Financial Statistics’s (IFS)
net capital flows for imputing Row flows. Relative to Brazilian data,
this hasalower frequency, coversasmaller subset of flow categories,
and may have problems due to the differences in methodology be-
tween TICand IFSsources. Nonetheless, by pooling the information
from different capital flow recipients, it allows one to check if the
results obtained with the main dataset generalize.

The paper hasseveral contributions. The first contributionis the
definition of the novel identification strategy based on observed
counterfactual for investor behavior, which allows a proper assess-
ment of the portfolio rebalancing channel of unconventional mon-
etarypolicies. The second contribution is the construction of anew,
high quality and detailed dataset of capital flows to Brazil result-
ing from USAinvestors and ROW investors. In particular, the dataset
distinguishes flow to the banking sector, allowing us to address the
importance of banks asaconduit to the transmission of portfoliore-
balancingeffects, illuminating relevant questionsin theliterature.?

?  There is an ongoing debate in the literature regarding the relative size of

bank flows versus bond market flows in the transmission of global liquidity
after the global financial crisis. See the literature review below.
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The third contribution isthe mapping of available datasets for other
emerging marketsinto the conceptual framework of our methodol-
ogy, therefore expandingits applicability. The fourth contribution
is the set of estimated causal effects of quantitative easing on USA
investor behavior, in the sense of capital flows to emerging market
foreign assets.

Our results show significant USA investor portfolio rebalancing
towards emerging economies’ assetsinresponse to quantitative eas-
ing policiesas measured bythe monthlychangeinthe balance sheet
ofthe Federal Reserve. In the case of the Brazilian dataset, the esti-
mated effect runs mostly through the USAflows into portfolio assets,
particularly debt. USA direct investment, including equity capital
and affiliated enterprise loans, do not respond; this is also the case
for cross-border USA credit flows. Regarding USA capital flows to the
banking sector, only portfolio assets are affected, and debt flows
drive theresultsas before. Resultsare robust to the inclusion of con-
trols and to measurement in real or nominal terms. They are about
the same when partitioning quantitative easinginto three different
periods, corresponding to the first, second and third round of bal-
ance sheet expansion (QEI, QE2 and QE3).

The magnitudes are economically significant when measured
relative to the recipient economies, although somewhat small rela-
tive to the size of the quantitative easing policies. Across different
specifications, additional flows due to quantitative easing range
from USD 54 to USD 58 billion. This corresponds to around 54% of
the USAflows to Brazilaccumulated over the period of the policies or
10% of foreign flows to the country over the same period. The effect
on portfolio flow ranges from USD 41 billion to USD 48 billion, and
portfolio debt flows from USD 28 billion to USD 31 billion. Regard-
ing the bankingsector, the effect on portfolio flow ranges from USD
10 billion to USD 12 billion (83% of USA, or 24% of total) and portfo-
lio debt flow ranges from USD 6 billion to USD 7 billion. Additional
bank portfolio flows are therefore 26% of additional total portfolio
flows, and additional bank debt flows are 23% of additional total debt
flows. Thisis consistent with the view that, after the financial crisis,
market based instruments are more important.

Results for TIC-IFS dataset on portfolio flows are also consistent
with a significant effect from quantitative easing on USA flows to
emerging markets. The effectis economicallysignificantand inter-
estinglyis of the same order of magnitude as obtained in the Brazilian
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dataset: Between 55% and 65% of USA flows to emerging markets in
thesample. The effect of quantitative easing on global portfolio flow
ranges from USD 111 billion to USD 130 billion. In contrast with the
results using Brazilian data, most of the effect comes from portfo-
lio equity flows (up to USD 102 billion), and debt flow effects are ac-
tually not significant.

The paperisstructured as follows. The next section presents the
related literature. Itis followed, first, by the methodology section
that formalizes the counterfactual as a proxy variable and, second,
by the data section that describes the primary and secondary capi-
tal flow datasets. Results for the two datasets are presented in turn
inthe nextsection, along with acomplementaryappendix for addi-
tionalresults. The last section summarizesresultsand conclusions.

2. RELATED LITERATURE

As mentioned in the introduction, the portfolio rebalancing argu-
ment goes back to Tobin (1969, 1982). Unconventional monetary
policiesrenewed theinterestin the argument, stimulating theoreti-
caland empiricalresearchinseveralintertwined literatures. There
is macro research focusing on real consequences of the policies, fi-
nance research studying segmented asset markets sometimes with
an event studyapproach, and international finance research focus-
ing on international portfolio flows.

Recentattempts to incorporate portfolio rebalancing as a trans-
mission channel of unconventional monetary policy in calibrated
general equilibrium modelsinclude, e.g., Chenetal. (2012), Flagiar-
da (2013), and Samiand Kabaca (2015). Imperfect substitution in
these modelsresultsfrom financial constraints, adjustment costs or
preferencesforasset holdings. Samiand Kabaca (2015) come closest
to this paper by considering international portfolio holdings. How-
ever, theauthorsassume USA-based investors hold only domestic as-
sets,sothatallthe international portfoliorebalancing runsthrough
substitution effects of foreign investors holding some share of USA
assets. In spite of this limitation, which is at odds with the data and
with theresults of this paper, the authors do show their modelisable
to capture some stylized asset price spillovers. From the point of view
of identifying the portfolio balance channel, however, this macro-
economic literature does nothing more than assume the effectand
model the connections with the macroeconomy.
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The finance literature has moved into modeling segmented as-
setmarketsto explain theimpact of unconventional monetary poli-
cies on asset prices. Gromb and Vayanos (2010) survey the broader
segmented markets literature, Greenwood and Vayanos (2014) ap-
ply the insights to term structure models, while Hamilton and Wu
(2012) extend the argument to quantitative easing and show it con-
tributes to lower long term rates. Bruno and Shin (2014) argue that
monetary easing in the USAimproves funding conditions of foreign
banks and puts in motion a feedback loop between bank cross-bor-
der lending, foreign currency appreciation and balance sheet im-
provement that eases constraints. Theyargue banks drive the cycle
uptothefinancial crisis, with the market for debt securities takinga
similar role afterwards. Plantin and Shin (2014) argue that interest
rate differential maylead carry traders to coordinate on the supply
of excessive capital to the targeted economy.?

There is arelated event study literature in great part motivated
by the segmented markets approach. Gagnon etal. (2011) use event
study methods and document that large-scale asset purchase pro-
gramsledtoareductionin USAlong-terminterestrates forarange of
securities, including those notincluded in the purchase programs.
Neely (2015) shows that unconventional monetary policy by the Fed-
eral Reserve influenceslong-terminterestabroad aswell as bilateral
exchangerates. From our perspective, the theoretical term structure
papers are heavily dependent on the theoretical structure, much
like the general equilibrium models. On the other hand, the event
study papers face problems related to confounding events and the
short run nature of the estimated effects.

The empiricalinternational finance literature addresses the port-
folio balance hypothesisinamore direct way, focusing on the substi-
tution between domestic and foreign assets. Fratzscheretal. (2013)
use panel regressions and show that flows into USA equity and bond
funds go in the opposite direction of flows into funds dedicated to
emerging markets conditional on the policies. There are correspond-
ing movements in equity returns, bond yields and exchange rate

* Itisinteresting to compare this with the traditional portfolio rebalancing
literature (e.g., Gohn and Tesar, 1996 Hau and Rey, 2008), which docu-
ments return chasing behavior and rebalancing to keep investment shares
constant, so that, in particular, foreign currency appreciation would be a
disincentive to further inflows.
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returns. Ahmed and Zlate (2013) also use panel regressions to show
thatnet portfolio flows (thatis, including domestic resident flows) to
emerging marketsshiftin composition, butnotinlevelsinresponse
to quantitative easing, and that such change seems to be towards
bonds and equities. An important problem of these approaches is
probably the presence of omitted variablesin the empirical specifi-
cations. From our perspective, this also translates into the lack of a
proper counterfactual for conducting causal inference.

A closelyrelated paper that is at the crossroads of the macroeco-
nomic andinternational financeliterature and deals with Brazilian
capitalflowsis Barrosoetal. (2015). The authors show that USAquan-
titative easing influences capitalinflows to the countryand, through
this channel, the overall economic outlook and, to some extent, fi-
nancial stability. The authorsalso propose counterfactualsto evalu-
ate the effect of the policy. However, the counterfactuals there are
model constructs not observable in the data. Thisleads the authors
to consider arange of possible counterfactuals and to focus only on
qualitative results holding for most of the possibilities. Moreover,
the counterfactuals donotspeak directly to the behavior of the USA-
based investor, but to the global macroeconomic conditions. Rela-
tive to that paper, therefore, this paper focus on a specific group of
investors, with an observable counterfactual (based on a control
group of less affected investors), and offers direct, quantitative in-
ference on the portfolio balance channel.

3. METHODOLOGY

Thissection formalizes the intuition presented in the introduction.
The basic idea is that Row flows are proper counterfactual for USA
flowstothe samerecipient economy. We formalize thisideaby char-
acterizing ROW flows as a proxy variable for unobserved global and
local factors to the recipient economy. In this sense, the structural
regression of interest is the following:

usflow, = Bge, +yw, +e,,

where usflow, refersto the capital flows from the USAto the recipient
economy in period ¢, ge, measures the quantitative easing policies
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affecting flows in this period,* w, stands for unobserved variables
and ¢, is the innovation to the process relative to this information
set. The coefficient of interest is § which measures the partial ef-
fect of quantitative easing policies on USA flows.

The OLS estimator of  inaregression omitting the unobserved
variable w, convergestothe true parameter plus abias term. For ex-
ample, if global conditions affect flows positivelyand correlate with
quantitative easing, omitting them may overestimate the effect of
quantitative easing. Similarly, if prudential regulationin the recipi-
ent economy correlates with quantitative easing this may bias down-
ward the coefficient of interest.

Itis convenient to express the biasin the context of the following
auxiliaryregressions:

E rowflow, =dw, +v,,

qe, = ow, +u,

where rowflow, refers to capital flows from rest of the world to the
recipient economy in period ¢, and E(w,v, ) = E(w,u, ) =0. Notice, in
particular, that quantitative easing may be associated with the un-
observed variables, such as global conditions or domestic pruden-
tial policies. Auxiliary regressions are only linear projections, which
only capture the correlation structure in the data. In particular, we
make noassumptionregarding causalrelations or direction or cau-
salityin the auxiliary equations. In this framework, the probability
limit of the omitted variable regression coefficient is:

. yoE (wf )
H plimfp ﬁ+a2E(wf)+E(u,)'

The challenge posed bythe structural equationisto minimize the
omitted variable bias. Controlling for some observable factors ame-
lioratesthe problem, but doesnotrule outstillunobserved ones. The
solution proposed here isto use capital flows from the Row to the same
recipient economy as a proxy for omitted factors, or, from another

* We measure this by the change in the Federal Reserve’s balance sheet,
possibly forwarded a few months if suggested by information criteria. See
the data and result sections for details.
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perspective, as a counterfactual for the behavior of USA flows had it
notbeen disproportionallyaffected by quantitative easing policies.
The fact that both variables are capital flows to the same recipient
economy hopefully adds credibility to the estimator. We argue that
it necessarily reduces the asymptotic bias and formalize the exact
condition under which itisa perfect counterfactual.

Formally, we propose to estimate the proxy-variable regression:

usflow, = B’ qe, + y " rowflow, +¢,.

Inthe context of theauxiliaryregressions defined in 2, the proxy
variable assumptionisintroduced byrequiring 1) § # 0 and 2) u, L v,
. The first assumption ensures that rest of the world flows is related
to the unobserved factors it should proxy. The second assumption,
which is the crucial assumption in the paper, means that, beyond in-
direct effects driven by the unobserved factors, quantitative easing does
not impact ROW flows to the recipient economy. Substantively, this
means capital flows follow the shortest path to the recipient econo-
my and therefore do not move from the USA to the rest of the world
just before reaching their final destination. One may also simply
interpret the assumption as a definition or methodological device
that allows for identifying factors associated with QE that affect ex-
clusively the USA investor. The credibility of such interpretation of
a QE effect depends on properly controlling for other local factors
affecting investor behavior in the USA and abroad, and we show be-
low how to extend the framework to this case.

Substituting the structural equations into the equation for OLS
proxy variable estimator 3/’, itis simple to show that®:

yoE(w,)
E(w)+E(w,)/ R

Tw,v

>

s R —
B plim _,B+a2

where R?  isthe R® from regressing rowflow, on v, . Intuitively, if
most of the variation in the proxy variable is associated with the un-
observablevariable, then thereisalarge reductionin the asymptotic
bias. In the limit, there is complete reduction in the bias and we are

> Apart from our substantive interpretation, the argument is essentially the
one presented in Sheehan-Connor (2010),
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completely safe in our assumption of a proper counterfactual.

So far results suppose ascalar unobserved variable w, . Itissimple
to generalize thisto ascalar index function of several unobserved vari-
ables, as long as the function is the same in all structural equations
of the model.

Itisalsosimple tointroduce additional controls. Indeed, with such
controls, the exact same results as before follow from a simple appli-
cation of the Frisch-Waugh theorem. For our framework, differences
inthe environment between United States and rest of the world inves-
tors are observable controls, while local conditions to the recipient
economy and global conditions enter in the unobserved index func-
tion. The introduction of local controls to the source economies is
important if oneis tointerpret the results as an additional impact of
QEaffecting exclusively the USAinvestor.

Another variation of the methodology may use the residual from
the candidate proxyvariable regressed on quantitative easing policies
asthe proxyvariable, with an adjustment for generated regressor. We
consider this variation when using data for jurisdictions other than
the Brazilian economy to control for data qualityissues.

4. DATA

Thedataconsists of: 1)indicators of capital flows from the USAand ROW
with Brazilastherecipient economy; 2)capital flowsfrom the USAand
ROW to other emerging market economies; 3)unconventional mone-
tarypolicybythe Federal Reserve; and 4)additional control variables.
Forthe Brazilian data, the frequencyis monthlyand the sample runs
from January 2003 to March 2014. For other recipient economies, the
datais quarterly from the first quarter of 2005 to the first quarter of
2014. The othertimeseriesare settomonthly or quarterlyaccordingly.

4.1 Capital Flows for Brazil

For historical reasons, the monitoring of capital flows in Brazil is
uniquely comprehensive. It relies on a system of mandatory electron-
ic contracts for all transactions with foreigners. Based on this, the
Central Bank of Brazil can maintain a data warehouse that allows,
among other features, breaking down capital flows according to the
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nationality of the counterparty.® Thisis true for any capital flow cate-
goryup to the fulllevel of detail of balance of payments statistics. Itis
also possible to assign flows directed to the banking sector. All these
different views of foreign capital flows to the country add up to the
official balance of payments statistics because the data warehouse is
the basis for its compilation. Except when made explicit in the text,
all capital flow variables are in billions of dollars.

The dataset covers all gross capital flow categories, including for-
eigndirectinvestment, foreign portfolioinvestmentand foreign cred-
itinvestment. Direct investment is discriminated into equity capital
investment and affiliated enterprise loans.” Portfolio investment is
decomposed into equities and debt securities, and then into debt
issued in the country and debt issued abroad. Foreign credit invest-
mentis composed exclusively of directloans.* The correspondingag-
gregated seriesareavailableatthe Central Bank of Brazil online time
series system with detailed metadata descriptions. The break down
by nationality used in this paper was custom-made to this study with
extensive checks for data quality performed by the staff responsible
for balance of payments compilation.

Flowsdirected tothe Brazilian bankingsectorare also available for
the same categories (exceptaffiliated enterpriseloanswhicharetreat-
ed ascreditflows), both from the United Statesand from the rest of the
world. There are two caveats here. First, we must impute portfolio eq-
uity flowsand portfolio debt flows towards banks from the relative size
ofthe bankingsectorinthe equityand debt market, respectively (but
debtissued abroad isfromactual transactions).Second, we cannot as-
sure full coverage of bank credit flows. Indeed, lines of credit between
banks are exempt from electronic contracts that are the base for our
dataset. Foraggregate balance of payment statistics, accounting data

¢ For the record, another feature is the very fast compilation of balance of
payments statistics; preliminary numbers for all the major accounts are
available and monitored in almost real time.

-

In the case of foreign direct investment, we include inflows of national
corporations borrowing abroad through foreign affiliates and exclude
outflows of direct investors lending to headquarters abroad. In this way,
we keep track of changes in liabilities of corporations with domestic resi-
dency, in line with the latest edition of the balance of payments manual.
In the case of credit flows, we choose to exclude trade credit flows because
they follow trade in goods and are uninformative of portfolio decisions
by foreign investors.
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can complement the informationavailablein the datawarehouse, but
the same solution is not available when discriminating by the nation-
ality of the counterparty. This second caveat applies to total flows as
well, since banks are asubset of the full dataset.

The correlation between ROW flows and USA flows is a first rough
indicator of the credibility of the proxyvariable assumption. Astrong
correlationisasignal of common drivers. Yet, ifthe correlation is too
strong, it can signal there is little room for additional effects from
quantitative easing. Figure 1, panels ato j, shows the corresponding
flows to the recipient economy: Total flows have a correlation coeffi-
cient of 0.37, portfolio flows 0.36, portfolio equity 0.15, portfolio debt
0.17, portfolio debt in the country 0.14, portfolio debt abroad —0.11,
foreign direct investment 0.46, credit 0.13, foreign equity capital in-
vestment (.31 and affiliated enterprise loans 0.49. Figure 2, panels a
to &, showsthe corresponding flows to the banking sector: Total flows
to banks have a correlation coefficient of 0.24, portfolio flows 0.32,
portfolio equity 0.42, portfolio debt 0.16, portfolio debt in the coun-
try 0.21, portfolio debt abroad 0.04, foreign direct investment 0.09
and credit flows 0.03.

We mayalso compare the behavior of moving averages of ROWflows
and USAflows, particularly for periods of quantitative easing policies.
A distinct behavior of USA flows during policy periods is a signal of
possible effects. Figures 3 and 4 show the six months moving average
of ROW and USA flows to Brazil, respectively. To get a clearer picture
of the other flows, we exclude foreign direct investment due to large
scale and volatility differentials between ROW and USA flows. There
are pronounced differences between total flows during each of the
quantitative easing policy rounds, with subcategories of flows appar-
entlyreacting more strongly to certain rounds. For example, the first
and third policy rounds show up more clearly in the USA flows. Debt
flows respond relatively more in the third round and credit flows in
thesecond. The general picture is consistent with the results summa-
rized in the introduction. Figures 5 and 6 show the corresponding
movingaverages of ROWand USAflows to the banking sector of the re-
cipient economy. Again, there are pronounced differences, includ-
ing the relatively stronger behavior of USA flows around the first and
third rounds of quantitative easing and arole for credit flows during
the second round. The exact definition of the policy rounds consid-
eredinthe paperare presented in the following section.
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Figure 1
CAPITAL FLOWS FROM THE US AND ROW TO BRAZIL
A. TOTAL
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Figure 1 (cont.)
CAPITAL FLOWS FROM THE US AND ROW TO BRAZIL

(USD billions)
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Figure 2
CAPITAL FLOWS FROM THE USA AND ROW TO THE BRAZIL'S BANKING SECTOR

(USD billions)

A. TOTAL: BANK

B. PORTFOLIO: BANK

C. PORTFOLIO EQUITY: BANK

D. PORTFOLIO DEBT: BANK

—TUSA

——Rw (right axis)

1.0

240 J. Barata R. B. Barroso



(USD billions)

Figure 2 (cont.)
E. PORTFOLIO DEBT ISSUED IN THE COUNTRY: BANK
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Figure 3
CAPITAL FLOWS FROM ROW TO BRAZIL AND QE PERIODS

(USD billions, six-months moving average)
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Figure 5
CAPITAL FLOWS FROM ROW TO THE BRAZIL'S BANKING SECTOR
AND QE PERIODS

(USD billions, six-months moving average)
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4.2 Capital Flows for other Jurisdictions

The TreasuryInternational Capital (TIC) Systemis the source of port-
folio debtand equityflows from the USAto other countries. The Inter-
national Financial Statistics (IFS) database maintained by the IMF is
thesource of total gross debt and equityflows to the same countries.
The frequency of thisIFSsourceis quarterlyand sowe aggregated the
monthly TIC data. The sample includes 17 emerging markets: Argen-
tina, Brazil, Chile, China, Colombia, Hungary, Indonesia, Mexico,
Peru, Philippines, Poland, Romania, Russia, South Africa, Thailand,
Turkey, and Uruguay. Notice there isno guarantee the two datasets
alignassmoothlyasthe Brazilian dataset. For example, comparing
the TIC flows data for Brazil, there are large discrepancies. On the
other hand, the IFS data aligns smoothly with our dataset since it is
justbalance of paymentstatistics. Therefore, itisnotrecommended
to subtract TIC data from IFS data to get ROW flows. Instead, we use
the residuals of IFS total flows (TOT) regressed on quantitative eas-
ing policies as our proxyvariable as suggested in the last paragraph
of the methodology section.

4.3 Quantitative Easing

The indicator for unconventional monetary policy by the Federal
Reserve is the monthly change in securities held outright in its bal-
ance sheet. Asthe capital flow variables, itisin billions of dollars un-
lessstated otherwise. The source of the seriesisthe Federal Reserve
Economic Data (FRED). We censored the monthly change series to
be zero before the start of the quantitative easing policies, that is,
before November 2008. Figure 7 shows the resulting indicator. The
main advantage of using this indicator is the transparent interpre-
tation of its coefficient in the baseline regressions, which relates
dollar amounts of policy to dollar amounts of capital flows. In some
specifications, for robustness, we normalize both variables by the
aggregate Brazilian import price index, but with the average of the
index over the policy period normalized to one so that asimilarin-
terpretation applies.

Anotherrobustness checkistointeractthe balance sheetvariable
with dummyvariablesindicating the policyround. For this paper, we
consider three policy rounds of balance sheet expansion: QEI, QE2
and QE3. We use dateswhere the policybegins (inthe case of QE1) or
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Figure 7
QUANTITATIVE EASING INDICATOR

(UsD billions, monthly change in securities held outright
in the Federal Reserve’s balance sheet)
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the policyishinted to the public (in the case of QE2 and QE3). Follow-

ing the dates of Fawley and Neeley (2013), QE1 begins in November

2008, QE2in August 2010 and QE3in August 2013. We stipulate that
the policyrounds endjust before another round begins. This means
we count the extension of QE1 asa phase of QE1, Operation Twist as
aphase of QE2 and the tapering as a phase of QE3. In principle, itis
possible to increase the granularity and capture these as separate
policy rounds. However, the resulting periods would be too short,
so that essentially we would run regressions with dummy variables
forthe policy. There areimportantinferential problems associated
with such dummy variable regressions, so we have a strong prefer-
ence for using a continuous policy variable.

4.4 Additional Controls

The trust of the paper is that ROW flows proxy for unobserved com-
mon determinants of USAflows. In principle, theindexfunctionrep-
resenting the common determinants may control for observablesas
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well, aslongasthe homogeneityassumption for the index function
holds. For robustness, we also study regression with observable
controls. For parsimony, we introduce the controls as differences
between United States variables and the corresponding average
values for euroarea, UKand Japan, which are representative for the
rest of the world capital flows to Brazil. The specific control vari-
ablesare 10-year government bondyields, CITI economic surprise
indexes, and monthlystock returns, all obtained from the Bloom-
berg terminal. We also introduced a crisis dummy variable in all
regressions to avoid attributing the strong first round of negative
effects from the crisis to the unconventional policies designed to
address them. Itisanindicator variable of the months from Octo-
ber 2009 to March 2009. In the appendix, we run regressions in-
cluding capital flow taxes in Brazil as controls.

5. RESULTS

5.1 Brazil Dataset

All results are in Tables 1 to 12 (see the Annex). They have a simi-
lar structure, so we take some time to describe it. We always pres-
entfourregressions for each capital flow category, all based in the
minimal equation 4, distributed in columns of the table with the
followingromanlabelsand meaning: I)omits the ROWflows proxy,
2)includes the proxy, 3)includes the proxy and additional con-
trols, and 4)normalizes dollar variables by import price indexes.
Notice the price indexes used to normalize the series gave unit av-
erage duringthe policy period, so that thescale of the coefficients
is still comparable.

All regressions include a constant to capture average monthly
flows. They also include a crisis dummy, introduced in the previ-
oussection, toavoid confounding it with unconventional policies.
Regressions may include dummy variables to capture outliers in
the USA flows. We identify an outlier automatically whenever the
absolute deviation from the mean is greater than four standard de-
viations. This results in a couple of outliers for some capital flow
categories. To save space in the tables, we do not report some co-
efficients. This includes the dummy variables for outliers and the
additional controls.
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The baselineregressions include the quantitative easing policyin-
dicator described in the previous section. The extended regressions
contain separate quantitative easing indicators for each policy
round of balance sheet expansion. The last ROW of each reported
regression brings the point estimate for the accumulated effect
of quantitative easing —or, in the case of extended regression the
accumulated effect for each policy round. For each baseline and
extendedregressions, we present separate results for economy-wide
Jflowsand for banking sector flows. For extended regressions we also
perform additional regressions including own lag of USA flow and
capital flow taxes as additional controls.

It is important to recall that the quantitative easing policy in-
dicator refers to monthlybalance sheet expansions by the Federal
Reserve. To allow for anticipation of balance sheet expansion by
market participants, allregressionsinclude alead of the policyin-
dicator.Inaccordance with information criteria, we use three months
lead of the policyindicatorinallregressions.

5.1.1 Baseline Regressions: Economy-wide

Table 1 summarizes the results for aggregated concepts of USA
flows, such as total flows, portfolio flows, directinvestment flows,
and credit flows. Table 2 presents results for disaggregated con-
cepts, such as direct investment in equity capital or in affiliated
enterprise loans and portfolio investment in equity, debt, debt is-
sued in the country and debt issued abroad.

There are some common results. First, the coefficient on the
quantitative easing policyis always positive and itislower when in-
cluding the proxy variable (column 2) than when omitting it (col-
umn 1). This points to a positive bias from omitting unobservable
determinants of USA flows. When considering the implied accu-
mulated effects of the policy (last ROW), the bias is economically
significant.

Second, the crisis dummy is always significant, which points to
an economically importantreduction in flows from the USAin the
most acute phase of the crisis (e.g., multiply the crisis coefficient
by its duration of six months and compare this with the accumu-
lated effect of the policy in the last ROW). Third, the ROW proxy is
strongly statistically significant except for credit, debt and debt
issued abroad.
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Forth, including the proxyvariable improves the fit significantly
asjudged bythe adjusted R?, but the inclusion of additional controls
provides onlymarginalifanyimprovement (and coefficients are sta-
ble between the two specifications). Thissignals that the proxyvari-
able is capturing most of the relevant information of the common
drivers of capital flows to Brazil from different source economies.

FocusingnowonTable 1, the coefficient on the QE policyindicator
for the total flows regression (upper left panel) shows that each one
USD billion balance sheet expansion leadsto additional capital flows
into Brazil in the order of USD 0.015 billion. Considering the total
size of the balance sheet expansion in the period, this corresponds
toadditional flowsin the range of USD 54 to 58 billion, or 54% ofthe
USAflows to Brazil accumulated over the period. The flows are addi-
tional in the sense that theyare on top of any effect quantitative eas-
ing might have through the common drivers of USA and ROW flows
that are controlled for in the regression.

The analogous coefficient for the portfolio flows regression (up-
per right panel) shows that each one USD billion balance sheet ex-
pansion implies additional portfolio flows into Brazil in the order
of USD 0.11 or 0.12 billion. Thisrepresents additional portfolio flows
in the range of USD 40 to 48 billion in the period, or 140% of port-
folio flows from the USA in the period (recall from Figure 1, panel
¢, which portfolio flows from the USA fall significantly during this
period). The effects on direct investment and credit flows (lower
panels) are not statistically significant. For direct investment, ROW
flows are significant and therefore the result is conclusive for no ad-
ditional effect. For credit flows, the proxyvariable is not significant
and so the resultis less conclusive.

Table 2 has detailed results. As in aggregate direct investment,
both equity capital and affiliated enterprise loans (upper panels)
showno additional effect from quantitative easing. Portfolio equity
isalsonotsignificant (middle left panel). Things change for portfo-
lio debt (middle right panel). For each USD one billion of quantita-
tive easing, portfolio debt flowsincrease by USD 0.008 billion, which
represents USD 28 to 30 billion during the period, or 62% of USAdebt
flows to the countryin the period. Further decomposing portfolio
debt, only debt issued abroad (lower right panel) shows significant
additional effects from quantitative easing. For the same USD 1 bil-
lion of policy easing, debt issued abroad increases by USD 0.003 bil-
lion, between USD 1 billion and USD 13 billion during the period, or
96% of USA investment in Brazilian debt issued abroad.
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5.1.2 Baseline Regressions: Banking Sector

Mimicking the same structure of the economy-wide flows, Table 3
summarizes the results for aggregated concepts of USA flows to the
Brazilian banking sector, while Table 4 reports the results for dis-
aggregated concepts.

There are some broad results. First, as in the case of economy-
wide regressions, the coefficient on the quantitative easing policy
is always positive and it is lower when including the proxy variable
than when omitting it. This points to a positive bias from omitting
unobservable determinants of USAflows. Second, the crisis dummy
issignificantin some cases, butlessthanin the corresponding econ-
omy-wide regressions. Third, the ROW proxy is statistically signifi-
cant onlyfor total flows, portfolio flows, equityflowsand debtissued
in the country. Forth, including the proxy variable and additional
controlsimproves the adjusted fit.

Accordingto Table 3, only portfolio flows (upper right panel) show
significant effects from quantitative easing. In this case, a USD one
billion balance sheet expansion leads to additional portfolio flows
into the Brazilian banking sector in the order of USD 0.003 billion.
This corresponds to additional flows in the range of USD 10 billion
to 12 billion, or 83% of the USA portfolio flows to the Brazilian bank-
ing sector over the period.

Table 4 shows that USA investment in Brazilian banks’ debt (up-
perright panel) and, in particular, debtissued abroad (lower right
panel) respond to quantitative easing. Each USD one billion balance
sheet expansion is responsible for additional USD 0.002 billion of
flowsinto debtand USD 0.001 billion of flows into debtissued abroad
by Brazilian banks. This corresponds, respectively, to USD 7 billion
and USD 3 billion, or 50% of USA flows into bank debt and 73% of
USA flows into bank debt issued abroad. The effects of quantitative
easing on portfolio equity (upper left panel) and debt issued in the
country (lower left panel) are not significant.

5.1.3 Extended Regressions: Economy-wide

Table 5 and 6 summarizes the results. The common features of the
regressions are broadly in line with the corresponding baseline re-
gressions. That is, we observe lower QE coefficients once including

?  To check for robustness, Table 5 and 6 show the same regressions but with
own lag of USA capital flows and control for capital flow taxes.
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the proxy variable, generally significant proxy variables when in-
cluded, gains in the adjusted fit of including the proxy variable,
marginal gains if any from including other variables and signifi-
cant crisis effects.

One common feature present onlyin the extended regression is
that sometimes the sum of the effect of all quantitative easing epi-
sodes is significant even if some of them do not appear significant
individually, whichis possible given the correlation between the dif-
ferent parameter estimates. Another feature is that, relative to the
estimated effects from the baseline regressions, the sum of the ef-
fectsin the extended regression is of similar scale (except for affili-
ated enterprise loans, which is larger in the extended regression).

Table 5showsresults foraggregated flows. Thereisrobust evidence
that total flows are affected by QE2 (around USD 26 billion of accu-
mulated additional effect, 46% of the flows in the period) and some
evidencethattheyare affected by QE3 (around USD 16 billion effect,
42% of the flows). There is some evidence across specifications that
portfolio flows are affected by QE1 (around USD 22 billion). Thereis
some evidence that foreign direct investment by the USAis affected
by QE3, and that credit flows respond to QE2.1

Table 6 explores flowsin detail. Contrarytothe baseline, for direct
investment, both equity capital and affiliated enterprise loans are
affected by QE3." Again, in contrast with the baseline, the behavior
of USA investors on foreign equity markets and debt issued abroad
responds to QE2 (around USD 8 billion and USD 2.5 billion, respec-
tively, or 300% and 50% of the corresponding USA flows). Similarly
tothe baseline, portfolio debt and portfolio debt issued abroad are
affected by QE1 (around USD 14 and 4.5 billion, respectively, or 75%
and 115% of the flows) and by QE3 (around USD 14.5 billion and USD
7 billion, respectively, or 57% and 83% of the USA flows in the peri-
od of the policy).

Result is different when including additional controls (Table 5), in which
case total flows and portfolio flows show a substantially larger effect from
QE3, and FDI and credit flows are no longer affected. Results from Table
A.5 also suggest significant negative effects of capital flow taxes on portfo-
lio flows, and the order of magnitude is similar to the overall effect of QE
policies, whichis a bit surprising given the likely bias of the tax coefficient.
Most of the tax effect comes from portfolio debt flows (Table 6).

Yet, the result is not robust to the inclusion of additional controls (Table
A.2).

250 J. Barata R. B. Barroso



5.1.4 Extended Regressions: Banking Sector

The common features of the banking sector extended regressions
(Tables 7and 8) are broadlyin line with the corresponding baseline
regressions. In the Annex, we show thisis also the case when includ-
ing own lag of USA capital flows and capital flow taxes as controls
(Tables 7 and 8). That is, we observe lower QE coefficients once in-
cluding the proxy variable, some significant proxy variables when
included, gains in the adjusted fit of including the proxy variable,
and generally significant crisis effects.

Table 7 shows aggregate flows to the banking sector. Contrary to
the baseline regression, total flows are now affected. Portfolio flows
to the banking sector respond mostly to QE1 (around USD 7 billion
or 108% of the flows). Results are similar when adding capital flow
tax and own lag as controls.

Table 8 shows further details. Portfolio equity and portfolio debt
issued abroad by Brazilian banks are affected by QE2 (around USD
2and 0.7 billion, respectively, or 80% and 100% of the correspond-
ing flows). Portfolio debtis affected by QE1 (around USD 3 billion or
65% or the flow). However, the proxyvariableis notsignificant for the
portfolio debt regressions. Results are again broadly similar when
adding capital flow tax and own lag as controls.

5.2 Global Dataset

Table 9 shows the results for the TIC-IFS dataset. The columnsin the
table follow the same structure as before, except for column (4) that
reports the regression with heterogeneous coefficients for each
countryin the sample.

Since TIC and IFS data do not allow for deducing ROW flows with a
consistent methodology, we consider a variation of our main meth-
od.”?We use total capital flows (TOT) from the IFSasa candidate proxy
variable. This candidate is regressed on quantitative easing policy
(onacountry-by-countrybasis) and the residual from this first stage
regression is used as the actual proxy variable in the regressions.
Of course, this introduces a possible generated regressor bias. We

2" We tried just subtracting TIC from IFS but the coefficient on the implied
ROW flows is negative, which is counterintuitive and suggests a problem.
With our procedure, the total flow (TOT) proxy has the expected positive
sign.
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bootstrapped the first stage regression and the difference in the re-
sultsisinthe order of magnitude of numerical errors,and are there-
fore dismissed in the following.

Resultssuggest that quantitative easing affects USAflows to emerg-
ing markets. Including the proxy variable lowers the estimated ef-
fect, whichis consistent with an upward bias from omitted variables.
The effect of quantitative easing on global portfolio flows range from
USD 111 billion to USD 130 billion, and this represents from 55% to
65% of USA flows to emerging markets in the sample. Indeed, it is
a bit surprising (and reassuring) that the percentage figure is so
close to the corresponding Brazilian result given the very different
dataset and the adjustments to the methodology. In contrast with
theresults using Brazilian data, most of the effect comes from port-
folio equity flows, and debt flow effects are actually not significant.
Results are robust to the inclusion of controls for differences in the
environment of USA and other advanced economies that may origi-
nate capital flows to emerging markets, including differences in re-
turn and economic activity. Results are also robust to allowing for
heterogeneous coefficients in recipients economies.

6. CONCLUSION

Thereisrobust evidence that quantitative easing policies by the Fed-
eral Reserve cause portfolio rebalancing by USA investors towards
foreign assetsin emerging market economies. These effects are on
top of any effects such polices might have through global or local
conditions, since they are controlled for in the regressions.
According to our main dataset, which focuses on capital flows to
Brazil, the effects are concentrated into portfolio assets, particu-
larly debt, both for economy-wide and banking sector flows. This is
consistent, for example, with these assets being closer substitutesto
long-term USA treasuries. There is less evidence of effects on direct
investment and credit flows, except for extended regressions parti-
tioning quantitative easing into different policyrounds. The magni-
tudesare economicallysignificantand correspond tosizable shares
of the accumulated USA flows during the policy period. Additional
flows directed at the banking sector in response to the policy are a
quarter of the economy-wide flows. This is consistent with the view
that market-based instruments are more important than banks in
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the direct cross-border transmission in these particular events of
quantitative easing. The recent reversal of fortunes of economies
employinglarge-scale quantitative easing measuresand economies
receiving the resulting capital flows shows that portfolio rebalance
mechanismsoperating during such periodsinvolve significantrisks.

Regardingthe global dataset, thereisalso evidence that quantita-
tive easing causes portfoliorebalancing to emerging market econo-
mies. In contrast to the result for Brazil, most of the effect seems to
be concentrated on equityflows. The magnitudes are economically
significant as well, with up to 65% of total USA portfolio flows to the
countries in our sample accounted for by quantitative easing. This
issurprisinglysimilarto the 54% figure for total flows to Brazil. That
is, even though flows are small relative to the overall balance sheet
expansion in the USA, they are considerably large relative to the re-
cipient economies.

Theresults obtained with our methodologyare uniquelyinforma-
tive to the portfolio balance channel of unconventional policies due
to the use of a proper counterfactual for USA-based investor behav-
ior. By construction, our methodologyisolates the effect of quanti-
tative easing affecting exclusively the USAinvestor, that is, an effect
on top of any factor that also affects global investors. It is natural to
interpret such effectasresulting from portfolio rebalancing under
theassumption that operationalization of USAunconventional mon-
etary policies affects disproportionally the portfolio and wealth of
USAbased investors and financial intermediaries. Further work us-
ing similar data may consider other estimation strategies, such as
system methods or the inclusion of several of the available proxiesin
eachregression. The strategy proposed hereisrelevant for other ju-
risdictionsifdataisavailable, asmaybe the case for other economies
that closely monitor capital flows for historical or other reasons. Af-
tertheaccumulation of pertinent data, it applies to recent episodes
of quantitative easing in the euro areaand Japan. More generally, it
appliestoany central bank accumulating unconventionalassetsinits
balance sheetand for which bilateral capital flows dataare available.

Quantitative Easing and Portfolio Rebalancing 253



10°GF F¢°8F FG0F +66°0G €8S 61°89 +9°9¢ +06°6L
§51°0 861°0 981°0 631°0 LSE°0 £9¢°0 99¢°0 365°0
981°0 833°0 5080 gF1°0 L8E0 3650 g8¢°0 87570
63083 1690°¢ 91L6'8 6065 G068'T S¥9L'8
99830 996570 +9835°0 8811°0 29981°0 69%1°0
L6385~ $199°6- 1918°¢- L6380 - £985 - 906% - 0TLL ¥~ 0%65°9-
2LE10°G- 9686 G- 6LV G- 2L8GF G- 18%9°¢- v6L8E - 5666 GOGT G-
38998 91883 €9L¥'8 36765 XSS ard 9LLL'G 168L°3 1069°¢
20810°0 26810°0 80100 2981070 «GF10°0 +9G10°0 2TST0°0 F130°0
36650~ L£86°0- 3990~ 68ST'T S096°0 §G18°0 68570 96683
L180°0- 68150~ $180°0- ¢923°0 G963°0 S6%3°0 Ges10 6¥89°0
(#) (€) (¢) (1) (*) (€) (¢) (1)
onofuod el

VSN HHL NOdd SMOTA TVLIdVD NOITdOd

I 219eL

(asn) 40

-4 pasnlpy

ad

MOd

SISTID

10

254 J. Barata R. B. Barroso



quaoad 01, 96, ‘%1 . "‘poriad o) ur Lo1j0d IO JO 19930 [£10) DY) SMOYS MOI ISE[ O], *SIOLID PIEPUL)S

DVH WOIJ 91 $2IBWIISI JUIDIJI0D MO[I SIN[LA7 “(UMOYS JOU SIUIIDIJFI0I) SUONBIAIP PIEPURS INOJ UBY) I9)L2IS SMO[J VS 10J PIPN[OUL J[qRLIEA
Awrwnp 12170 “sexapur 9o11d 1rodwr £q sa[qerrea Je[[op sazijewiou () pue (9oeds 2aBs 03 UMOYS 10U SIUIDIYI0I) S[OIIUO0D [euonippe pue Axoid a1
sopnput (¢) Axoxd a3 sopnput (g) Axoxd smo[y MOY 93 $ITWO ([) UWN[OY) *$ILI0S2TLI MO[J 218F0133e 10} SUOISSIITII [1ZBIg 0] SMO[J VS WOIJ SINSAY

$9°¢ LLG 6T°TT 83°6T €8'G ¥¢'F 80°F 216761 (asn) 40
0960 16%°0 P9¥°0 09%°0 GIL0 98L°0 88L°0 PHL0 4 passnlpy
1L5°0 GIg0 0870 3LV 0 06L°0 L6L°0 9640 3GL°0 o
168L°0 8190°I 8F6E°T eF1s¥ LELST GEETd

$501°0 £931°0 GGLT'0 +8LL0°0 +6980°0 2L6L0°0 Mod

6158 1- G6LLT- LLSE T~ 988¢°1- GL90°5- §LIT G- 6L96 G- VLLY G-

296660~ 5068L 0~ L8SS 0~ 1£99°0- 6EEG0- 3169°0- 188L9°0- +GGL8"0- SISIAD

800%°0 L9030 GLOS0 0698°0 65790 0068°0 $328°0 YOLL'T

0100°0 L0000 0£00°0 ¢600°0 800070 3100°0 1100°0 2660070 a0

8G¥8°0 GLIT'T 65070 39850 0188°3 $8L6'T 97L6'¢ 1933°L

1601°0 0TLT'0 $L00°0 69%0°0 2895170 F6S1°0 BILT0 GHFE0 D
(#) (€) (2) (1) (#) (€) (¢) (1)

npai) wau(

255

Quantitative Easing and Portfolio Rebalancing



L8506 1965°¢- 3560°¢- £8%9'¢- SI0T'T- $900'T- G308 - 91%0°5-
1680 T- +3L0S T- vgLLO T- 6GGT - €39L°0- 6616°0- %960 [- aSTPL T-
#8003 RS AN 96916 ¥705°6 IF1H°0 G98¢°0 161070 ¢018°0
49200°0 4680070 a,L00°0 4L200°0 81000 610070 1000°0 $£00°0
059L°T BLIL'T 0698°1 €GL9°G 6358 - $888'1- LGEG - 16370
F666°0 2926380 LG 0 98650 289660~ FLIF0- 6696°0- G860°0-
(@) (1) (2) (1) (2) (1) (@) (1)
192 :010f140] (unbg coyofuoq
0$°3 LS°G ¢1'G a99°G LT0- G6°0 €61 93'%
£98°0 G06°0 706°0 968°0 964°0 3090 L09°0 G960
198°0 01670 806°0 668°0 LGG°0 0390 6190 GLS0
160$°¢ €666 GL59'E LEV0'S $8L6'¢ 1688°F
+89L0°0 +3080°0 F1L0°0 657070 295500 +9890°0
160G°0 36090 06190 $LL0°0- 043 G- 03316 98616 93166
F650°0 139070 $090°0 86000~ 96840~ W9LTL0- SF0L°0- 98820
G9¥8°0 G616°0 9LFL 0 70813 G350°0- 81L50 &v65°0 9L¥3'T
9000°0 L000°0 90000 «G100°0 0000°0 £000°0 $000°0 110070
096G°T 9685 01396 SOFF'F LGSET 01486 GeF1'G 96482
62600 £G60°0 468500 +9980°0 2GELT'0 SFLT0 606170 +8LGE 0
(¥) (€) (¢) (1) (¥) (€) () (1)

supoj asudaayua paipffy :auq

1ndno Cunbsy paacg

TIVLIAA ‘VSN AHL WOId SMOTA TVLIAVD NOITIOA

6 21qeL

SISTID

q0

(asn) 10
- paisnlpy
A

MOA

SISTID

T0

256 J. Barata R. B. Barroso



quaoiad 01, ‘%G ‘%1 . "‘poriad o) ur Lo10d IO JO 19JJ0 [B10) O} SMOYS MOI ISk[ O[], 'SIOLId PIEPUE)S

DVH WOIJ I8 $ITRWIISI JUIIDIFI0D MO[I( SINTBA-] *(UMOYS JOU SJUIIIIJJI0D) SUOTIEIAIP PILPUEL)S INOJ UBY) 19183 SMO[J VSN J0J POPN[IUT S[qeLIes
Awrwmp nQ ‘sexapur 2o11d 11odwr £q so[qeLIRA TR[[OP SOZI[EULIOU (F) Puk (9dkds 2ALS 0) UMOYS 10U SIUIIIIJJO0D) S[OIIU0D [eUONIppE pue Axoxd a1y
sopnput (¢) Axoid a3 sopnput (g) Axoxd smo[j MOY 23 $ITWO () UWN[OY) SILI0SIILI MO[J 91e3o13TBSIP 10J SUOISSILIII [IZeIg 01 SMO[J VS WOIJ SINSAY

6901 »GL'G1 I 68T 1 $6'8 108 8I°L FL 0T
G050 SLY 0 6L%°0 8L%°0 69%°0 7870 £8%°0 €L3°0
1650 00S°0 6670 ¥6%°0 L6¥°0 1160 £09°0 G630
£986°0- 1L60°'T- £850°1- 6550°L G998°9 6¥31 L
85L0°0- 95L0°0- 38900 +:0398°0 02980 FGL8°0
6676 T- 6180°6- 9¢81°6- 8L88'1- G0L0'- 9988'1- 9EL T- 1080°¢-
2169670 «G3FF 0~ «091%°0- 26L0%°0- 10896°0- JIT$9°0- ST0PG 0- +86L0°T-
1978°G ¢168°C 0¥L6'S 86G8°3 G096°0 GII8°0 9840 19601
4850070 €000 2250070 +8600°0 %500°0 1300°0 61000 630070
3658°0 $005°0 656560 I¥%0°0 G300°T £896°0 9%¥80°1 LYE3¥
G090°0 65600 1L10°0 £00°0 96L0°0 £160°0 05600 +£896°0
(#) (€) (2) (1) (¥) (€) (@) (1)
PPOoAGD 193(T :000/10] Cgunoo ayp wr 19 :040f1404
«6¥'88 1808 7888 499°85 399 ar’s 350 LLB1
0150 9%5°0 0750 L3S0 SLT'0 191°0 681°0 ¥70°0
L¥$°0 18670 G9¢°0 L¥S0 5030 $61°0 6¥1°0 65070
SI¥e'1 8505'1 §69%°1 €65L°¢ 006%°¢ 6601°¢
FLE1 0 FIST°0 6191°0 230680 +9983°0 +L198°0

(asn) 10
+d pawsnlpy
zd

MOd

SISTID

10

(asn) a0
- paisnlpy
2

MOT

257

Quantitative Easing and Portfolio Rebalancing



+G0°31 6631 L8701 6601 7611 1811 98°31 ve61
89¢°0 Y070 36570 §9¢°0 092°0 882°0 863°0 1930
L6€°0 1670 01%°0 LLEO 7650 13570 61570 8L3°0
90£¢°G 9831°G 6991°G 896¢°G 390%°3 9L65°8
486600 48800 40£80°0 48631°0 SFEI0 F9IET°0
1¥90°6- 0931°¢- L6896~ 1669 - $609°6- 8691°¢- 6900°6- HACES
£99¥°0- :L309°0~ +69°0~ F¥68°0- +G018°0- +89L6°0- 6960~ 8996 1-
8963°¢ veva's G96L°G L83L'S Gg96°1 L¥IET 8LEY'T 30891
266000 +£600°0 +8600°0 266000 35000 35000 $£00°0 ¢£00°0
66680 1199°0 0FFS1 LOLT'E 0F8T'1 L¥ST'T PORTL 38¥8°1
91£0°0 ¢830°0 $£90°0 48S01°0 8001°0 0611°0 66600 50L61°0
(¥) (€) (z) (1) (¥) (€) (z) (1)
oyjofuod 1L

SYUNVI OL VSN1 HHL WOdA SMOTA TVLIAVO NOIddOJd

¢ 21qeL

(asn) 20

- pawsnlpy

sd

MOT

SISTID

T0

258 J. Barata R. B. Barroso



uadxad 01,964 91 . porrad oy ur £orjod @Y JO 199J39 [2101 ) SMOYS MOI ISE[ Y, "SIOLID PIEPUL)S DVH WOI]
QI SITRWIISI JUIIOIFI0D MOTI] SINTEAS *(UMOTS JOU SJUIIDIFI0D) SUOTIBIAIP PIEPUEIS INOJ URY) 191LIS SMOTJ VSN I0J PIPN[OUL d[qeLIes Lwwnp I21InQ0
‘soxopur 201xd 1rodur £q sa[qerrea refjop sazijeuriou () pue (20eds 9ABS 0 UMOYS JOU SJUIIIIFA0D) S[ONU0D [euoNIIppe puk Axoid o) sapnpour (¢) “xoxd
a3 sopnput (g) “xoxd smofy MOY 243 sItwo () uwnjor) ‘sar10891ed Moy 93eSo188e 103 uorssa18ox 101095 Suryueq UeI[IZeIg 0) SMO[J VS WOIJ SINSIY

98'1- aL'a- aF'0- aF'0- 860 ¢%'0 99°0 ¢g'0
L3$°0 G8¢°0 G8¢°0 06£°0 308°0 L38°0 938°0 G380
£9¢°0 81¥°0 60%°0 80%°0 618°0 &r8'0 868°0 968°0

L6F1°0- 1890°0 34LT'0 &¥90°'1 39L0'T P163'T

§T10°0- §500°0 $¥10°0 1730°0 8330°0 9630°0

LL6G0- 606¥"0- 6584°0- $689°0- 0863 T- $86% T- AN L6 T-

9831°0- 1061°0- PIGT0- $091°0- $610°0- 0%30°0- $810°0- 0610°0-

$992°0- $835°0- 64950°0- 86600~ 9008°0 L0880 6693’1 L98%°1

G000°0- L000°0- 1000°0- 1000°0- 1000°0 1000°0 1000°0 1000°0

3306°0 6690'T 619570 1964°0 66310~ 380070~ 90940~ 39V 0~

§950°0 $8L0°0 60%0°0 gs¥0°0 9000°0- 00000 L300°0- LT00°0-
(#) (€) (z) (1) (#) (€) (z) (1)

npai)

1200

(asn) 10
-4 paisnlpy

sd

MOT

SISTID

T0

259

Quantitative Easing and Portfolio Rebalancing



abq’9 a8°9 al1'9 alT°9 186 86'G 6L°0 657
S¥¥°0 ¥19°0 81<¢°0 g1s'o 89670 0¥é'0 L06°0 69070
69%°0 9¢4°0 G590 96970 L8360 6960 966°0 L9070
65991 9986°0 9L0T1°L 8916°¢ 0L08¥% 1666¥
L¥¥0°0 8L20°0 G060°0 901%°0 6%0%°0 2684670
G6LT G- ¥60% G- 68%9°6— 6096 6— 6606 1- SYOL [- SYIV'I- 66L65 G-
a8¥¥6 0 4695670~ 499860~ v6V860- SYI1°0- 9¢61°0- L8680~ aL¥8¥ 0~
¥696°6 8981°¢ ge0r1’s G6160°6 6669°0 9969°0 gelé’0 19%6'1
aL100°0 a8100°0 49100°0 <9100°0 9000°0 9000°0 ¢000°0 G100°0
1660°6 G9L6°¢ 6L6¥%°¢ [L08°¢ 6L86'1- 9090°6- YL 1- 19%0°0
0690°0 868070 L6600 960170 a99L0°0- aL601°0- 26990°0- 9100°0

(#) (€) () (1) () (€) () (1)

192(] 20y0fiog

TIVLIAA ‘SYINVI OL VSN AHIL WOIA SMOTA TVILIAVD NOIZIOd

¥ °2198L

Cunby :oy0fuog

(asn) a0

- pawsnlpy

d

MOd

SISTID

T0

260 J. Barata R. B. Barroso



uadrad (1, ‘%64 ‘9 1. "poriad oy ur Lo1j0d Y JO 199]39 [BI01 I SMOYS MO IS Y T, "SIOLID PIEPUR)S DVH WOIJ

9T $9TRWIISI JUIIDIFI0D MO[I( SINTEA] *(UMOYS JOU SJUIIIIJJI0D) SUOTILIAIP PILPUR)S INOJ ULY) I191BIIS SMO[J VS I0J POPN[IUT d[qeLIeA AWunp 1IN0
‘soxopur 2o11d yrodwr 4q sa[qeLIeA Je[[Op sozI[ewIoU (F) puk (9oeds 9ALS 0 UMOYS JOU SIUDIIIIF0D) s[01Iu0d [euonippe pue Axoxd oy sopnpour (g) “xoxd
o1 sapnpul (g) Axoxd SMO[J MOY ) $HITWO () UWN[OY) SILIOSIILI MO[J 91L32ISTRSIP 10J SUOISSILIIT 10199s SUUR(Y UBI[IZEIF O SMO[J VS WOIJ SINSNY

296°3 1983 948 18L'8 8I'I- 63 1- LE'T- 06°0
£09°0 3890 3890 £89°0 999°0 1L9°0 9290 60570
L39°0 10L°0 L69°0 G69°0 £89°0 689°0 8890 0€€°0
891L'T GeFI'1 80%8°0 8463531 L£09°0T 018%'I1
261800 1$10°0 66000 »L$80°T G801 T IGIT'T
119%°0- 04880 Ggee - 8662 - 9639°0- 660%°0- 66L1°0- £9¢8°6-
9%30°0- GLS0'0- 0380°0- 0660°0— 1910°0- PI10°0- G900°0- *9L61°0-
Gg6'T $990°g £930°8 03861 6%a1 1- 0301 1- L¥SE - 815¥°0
2£000°0 480000 a£000°0 a£000°0 £000°0- £000°0- $000°0- 300070
GGI8°0 G610°1 09L3'T L8ST'T G168 1- 88GE - ¥L9¢ 1- 80G¢'S
6310°0 IL10°0 G030°0 8560°0 33100~ G910°0- 39100~ v6$L0°0
(+) (€) (¢) (1) (¥) (€) (¢) (1)

PPoUgD 193(T 000f10J

Ciunoo ayp wa 3qa(T 2019010

(asn) a0

- pawsnlpy

zd

MOd

SISTID

T0

261

Quantitative Easing and Portfolio Rebalancing



al,18°0% v668'GY 166486 eL8L°LY e[¥°69 e60°L9 7699 6L 1L
GI'TI L9381 Sr'6 GO'TI S6'v1 56991 SLY91 0766
$¥8'9 qqv°L 66L°9 >08T°0T a8%°08 :96°06 606 /846
16866 a[L'46 »8G°G6 a99°96 00'8T Sr'6lL K461 9736
9710 ¥61°0 ¥81°0 6s1°0 6960 18¢°0 68670 89670
161°0 L$56°0 qgI1e’0 6491°0 LOV0 61170 LTI¥°0 66¢°0
6979°6 G8%6'6 66686 16980 0LG0°T 6966°1
661670 2GL386°0 66160 18L0°0 98L0°0 2901170
61866 0966 001¥ 6 0990°6— L08G G- 6797 6— 1646 6- 166L°6—
16766 6- 488186~ a998L°¢- +G918°6— 2669V G- 8681 F— 696, 6— e[L96"F—
9aG¥e'l 6619°T 6991°T 90¢6'I 01941 9918°T G66L°1 L368'a
6800°0 $600°0 6900°0 1800°0 6010°0 2661070 161070 <[L10°0
69661 1299°1 9L0¢°T 170L°1 GLOV'G 66696 99666 690L"%
961070 8¢10°0 g610°0 >8810°0 a8L60°0 /86070 G600 LL¥0°0
L9606 694T'6 0696°T L6L0°G 9L389'1 6009'T $999°1 LGIR'L
971070 791070 SFP10°0 404100 GIro'o ¥E10°0 »G610°0 S$V10°0
L0960~ L668°0- 01%60- g696'l LESY'1 LOLY'T S168°0 069L°@
6740°0— 1681°0- ¥¥<90°0- 96¥6°0 $897°0 069%°0 1892°0 :0%99°0
(#) (€) (@ (1) (#) (€) (@ (1)
010/140] 9],

AAOSIIA HOVE VSN AHL NOA SMOT TVLIAVD NOITIOL
g aIqeL

(asn) a0
(asn) ¢a0
(asn) gao
(asn) 140

4 passnlpy
zd

MOd

SISTID

¢a0

310

120

262 J. Barata R. B. Barroso



uadxad 01, ‘%G %1 . "portad oy ur punox £orjod Y JO 199JJ9 [£101 ) SMOYS MOI ISE[ Y[, "SIOLID PIEPUL)S DVH WIOLJ JIE SITRUIIISO
JUDIOIFI00 MO[I] SINTBAS *(UMOYS JOU SIUIIIIFI00) SUONBIAIP PILPUEIS INOJ UBY] I91LIIS SMO[J VS J0J PIPN[IUL I[qELIBA AWWNP II[INQ) "SIXIPUT
2o1id 1rodwr £q sajqerrea refjop sazijeuwnou () pue (a0eds 9ABS 01 UMOYS JOU SIUIII0I) S[00IU0d [euonIppe pue £xoxd a3 sopnpout (g) “xoxd o)
sopnput (g) 4xoxd smoy MOY 23 sitwio () uwnjo)) ‘punoi £o170d yoea pue $a110891Ld MO[J 91e30135e 10] SUOTSSIIZOL [1ZBIG 01 SMO[J VSN WOIJ SINSIY

LEV'E L6S'T LL9'6 I1L°01 136G 35S 61°G 6G°01
98°¢- I P- 61°0- G0'0 08°G 619 619 CF'6
a190°01 S0TT°0T fiZANN! WLL' 1T 68T 69'1 L1 s
oLl G- LG - 8% 1- 90°T- 8% 6- 99°g- 8L'a- v¢6-
9L8°0 £89°0 3090 £09°0 gsL0 3080 G080 g8L'0
309°0 199°0 6390 3390 1640 918°0 918°0 g6L'0
¥4LE°0 68570 6576°0 $180°¢ 6565 9011°¢
G660°0 89%0°0 11010 :0%50°0 2£,090°0 66500
6799 T- 1689 1- 9860 T- G601 6- £588 I- 3831 1- G9LT T FLS0'T-
F9¥6 0~ 81830~ GLOT 0- 0SPT°0- 30830 360%°0- 1805°0- 8183 0-
9G8G°0- 19690 G830°0- $900°0 9005°3 850L'G 31993 0%89°¢
8200°0- 0£00°0- 1000°0- 0000°0 460070 267000 267000 69000
G686'T 66L8°1 386T1°G 8165 8VLG'T 18651 66951 LOLEY
49810°0 5L810°0 49030°0 49130°0 G00°0 1£00°0 350070 9000
1971°3- L81¥%' G- &¥89°0- 0L39°0- 38L3 1- 1183 1- $L6S T- 9L83'1-
%8000~ 168000~ 8000°0- L000°0- 9100°0- L100°0- L100°0- G100°0-
6%98°0 %351 36900 %080 F09%°¢ $098°3 GGLLY 6GLT°L
LLTT'O 9L8T°0 93100 $950°0 +8661°0 :1961°0 26080 67850
(¥) (€) (2) (1) (¥) (€) (2) (1)
N.&u&@ 122400

(asn) IO
(asn) ¢a0
(asn) gao
(asn) 140

4 parsnlpy
zd

MOd

SISTID

¢a0

330

170

263

Quantitative Easing and Portfolio Rebalancing



7630 S0S°0 S0S°0 £09°0 8140 a%9°'0 £%9°0 019°0
0L19°0- 0L19°0- 18450~ 938%°G YLYL'G 65596
£650°0- 39%0°0- 01%0°0- 480%0°0 187070 +3L50°0
0378 T- 890L T~ 1968 I~ 96¥6'T- 8765 6— 8L65 G- 96963~ L18¢ G-
266630~ 86160~ 285680~ 0758 0- 1806%°0- 166%°0- 1688%°0- oL8LY 0
33L0°3 L689°G 9800°¢ 8¥LE'¢ 6L38°G LG61°¢ 106%°¢ 980%°¢
aLF00°0 660070 96000 65000 +3800°0 +6300°0 +9300°0 +6€00°0
033070 G691°0 9803°0 6190°0- 1£50°0 LEST 0- 68650~ £936'1
1000°0 G000°0 9000°0 1000°0- 0000°0 300070~ £000°0- 510070
$L85°3 086L'3 1L50°¢ Y63L'S L3¥%E 1- 9LLE T~ 6991°1- 9013'T-
aL300°0 20£00°0 +6£00°0 F€00°0 §100°0- 9100°0- $100°0- $100°0-
603L°0 981¢°0 8L01°0 9900°0 S010'% 186¥%°¢ 05¥8'% LE1GL
§5S0°0 3630°0 9800°0 €000°0 68LT 0 T181°0 81410 69%3°0
(#) (€) (¢) (1) (#) (€) () (1)

sup0) asudiagua pafly :104q

ondvo Cpnbiy o

TIVLAA “AdOSIdd HOVA ‘VSA AHIL IWOJdd SMOTd TV.LIAVD NOIHIOA

9 2IqeL

A

MOd

SISTID

¢a0

310

140

264 J. Barata R. B. Barroso



$3oh 6- 084¢"¢- §90T°¢- 065¥¥- Y0LE T- 868¢"1- 91GL - LEs¥ 3~
6871 1- 21088 1- 26380 1- 6671 1- 0750 1- 9951 - 2GFLY T~ 10968~ SISRIO
8518'1 PELI'E 9663°8 9%60°8 8I8T'1- 6980°1- L609°T- 8aI¢ 1~
2601070 L110°0 490100 101070 ¥L00°0- 69000~ 06000~ 1L00°0- 1
GGe¥ 0- 1960~ ¥839°0- 6959°0 993¢°¢ 1991°¢ 891L°8 LO8Y'G
¢100°0- 1100°0- ¢100°0- 610070 2071070 671070 2161070 191070 210
63L9'8 3$36°0 03663 S19L°3 61L8°0 YSr0'T §¥88°0 §eF9'T
2160070 +L600°0 2680070 +8L00°0 70070 85000 9%00°0 £800°0 170
8FGG'T 9LIF'T GL99'1 VILY'E LB T- 8LOL'T- 3668 1- LLO 0~
11330 66080 29%35°0 46L35°0 3196°0~ 2L89E"0- 3L1E 0~ ¢I10°0- o)
(#) (€) (¢) (1) (+) (€) (¢) (1)
192(] 01j0fiod (unbg -oyofuuod
€901 +08°31 +36°31 298°6T 9L°0 38°0 $g'1 oy (s
6€°9 63°L +09°L 608 2306 BEa 96°6 8LF (asn) £10
700 650 60 80°0- 30°0 80°0- ¢1°0- 26670 (asn) 720
0¥ 89°F «L6F 26676 85°6- 09°6- 81°6- 91°5- (asn) [Ed
00$°0 69%°0 LL¥ 0 6L7°0 0950 339°0 9290 9640

-4 paisnlpy

265

Quantitative Easing and Portfolio Rebalancing



03300 ¢691°0 980&°0 6150°0- 78978 LOLY'G $69%°¢ 98L¥°0
1000°0 $000°0 9000°0 1000°0- FF00°0 1«G%00°0 48%00°0 9100°0
$L85°8 086L'3 1L80°¢ v63L'S 89%¢°1 30081 36061 LLLG T
43000 +0600°0 +3$00°0 F600°0 L5000 0%00°0 L5000 17000
603L°0 981¢°0 8L01°0 9900°0 ¢F66°0 G9G8°0 66980 L88E'Y
65S0°0 3630°0 9800°0 G000°0 §480°0 0160°0 G980°0 1690
(¥) (€) (z) (1) (¥) (€) (z) (1)
proiqp 19a(] -0qofuuod Cupunos ayp uz 19a( <0y0/pod
2069°L3 21§16 v699°L3 2G10°L3 960°F 1L9L L00°3 399°31
GOFT 488°ST 8% F1 0861 ST0T- S 6- §6el- 69 6-
G6L0- L6S°0- 66L 0~ 650°T [19°2 +860°8 G012 91L'8
0PI TGl 86°6T MANA 199 L0'6 ¥8'L PGEl
F16°0 96¢°0 6%¢°0 93570 0530 76870 G03°0 96T1°0
19670 10%°0 ¥85°0 96¢°0 1L3°0 GLE0 962°0 £91°0
6566'T 9608 8F61°3 LLLY'S $Hes'¢ 61963
F89T°0 FF8T0 83130 65930 +9898°0 +3LE8°0

310

120

(asn) 30
(asn) ¢a0
(asn) gad
(asn) 120

4 paisnlpy

zd

MOT

266 J.Barata R. B. Barroso



al€9°0T
166’9
1¥0°0
a08'¥
00¢°0
¥69°0
0L19°0-
$6490°0-
06¥8'1-
26666°0—
66L0g
aL¥00°0

quao1ad 01, ‘9% G4 ‘%1 . "poriad oy ur punoa Lorjod TO JO 10919 [£101 9YI SMOYS MOI ISB[ Y[, "SIOLID PIEPURIS DVH WOIJ JIE SIILWIISO
JUSIIIJJO0D MO[I( SAN[BA *(UMOYS JOU SJUIIIIJJI0D) SUOTILIAIP PILPUEL)S INOJ UBY) I91BIIS SMO[J VSN J0J POPN[IUI d[qeLIEA AWwnp II[INQ ‘soxapur 2o11d
jroduir £q sapqeriea Je[[op sdzifewaou (§) pue (9oeds dALs 03 UMOYS JOU SJUIIDIPFI0D) S[013u0d [euonippe pue £xoxd oy sopnpur (g) Axoxd oyy sopnpour
() “xoxd smo[y MOY o) iTWO () uwnjon) ‘punoi £rj0d yoes pue so110391LI MO[J 2183213 ESIP 10J SUOTSSILIAI [IZRIg 01 SMO[J VS WOIJ SINSAY

66161
266°L
88670
:89°F
6970
G090
0L19°0-
¢9%0°0-
890L°1-
28616°0-
L689°6
660070

:[G66°61
=09°L
860
L6V
LLY 0
490970
189970~
01%0°0-
1968°1-
28666°0—
9800°¢
960070

269661
608
LLO0-
*G6°G
6L7°0
6090

96¥6°T-
20¥¥8'0-
8¥L6'6
660070

006'9
666
a98¢°8
¥8'¢Q
qQLy'0
11670
008%"9
6606°0
48816
a660L°0-
[8L6°0-
LT00°0-

9L69
¥66-
aL1¥'8
069
66770
L3690
86L6'9
216660
9808 G-
a66¥8°0-
0846°0-
9100°0-

0689
696
46L9°8
¥8'¢Q
66770
6190
6%96°9
166670
F6616-
a885L°0-
61LY0-
6100°0-

690°0T
¥8°6
148°0
Y]
¥96°0
863670

¥69¥ ¢
2GL1G T-
0895°0
180070

(asn) 30
(asn) €10
(asn) a0
(asn) 140

1 parsnlpy

ad

MOd

SISTID

¢a0

267

Quantitative Easing and Portfolio Rebalancing



L6601 8IGTT 1969°6 4060701 9901 8601 19g°Gl 1961
@81 91°'¢ GS'l 1670 80°0- 61°0 L8°0 G0°0-
898°L :606°6 SV6'L 41986 £G9°9 1699 e/,9°9 518
:89°9 eGL7L aF¥’9 a96'9 86°¢ 08'¥% 8% 64Y
GL6°0 Y110 S0¥°0 98670 082°0 80670 9160 ¢06°0
S1¥°0 04%°0 167°0 60%°0 ¥66°0 049¢°0 LY6 0 16670
L69¢°6 0668°1 GVL6'1 GL66'T ¥L89'T 79971
aI¥60°0 20¥L0°0 26$L0°0 a7L80°0 048070 60600
7941 °6— 6461°6— §9YG G- L698°6— 8866°G— 8G8L6— LLTG 6= 9¥9¢°G—
+6884°0— ePGLL 0- 6608°0— e6LY6°0— 9F 80— 9090 - 6970 - «G686 -
866L°0 ¥¥L8°0 16740 699670 7610°0- LLY0°0 09956°0 GIT10°0-
¥100°0 9100°0 0T00°0 L0000 1000°0- 1000°0 9000°0 000070
LEIY'1 6908°1 I61G°T 19666 61686 16866 6$89°6 69696
750070 >[%00°0 9¢00°0 469000 661070 a6610°0 661070 091070
¥868'¢ 986L°6 6099°6 88466 1661°1 8I8T'T L99Y'1 9099°1T
570070 97000 aI1%00°0 40%00°0 G600°0 L&00°0 1600°0 »6600°0
6681°T L166°0 1964°1 ¥866°'6 LELY'1 GL8Y'T GIP9'I 9%¢8'L
Lev0'0 01%0°0 092070 GITT0 86¢T°0 0691°0 SYS1°0 2666170
(#) (€) (@ (1) (#) (€) (@ (1)
o1ofiog 9],

HAAOSIdA HOVA ‘SYMNVI OL VSN AHIL WOIA SMOTA TVLIAVD NOIZIOA

L 219eL

(asn) a0
(asn) ¢a0
(asn) gao
(asn) 140

4 paisnlpy
zd

MOa

SISTID

¢a0

310

120

268 J.Barata R. B. Barroso



uadxad (1, ‘%64 ‘9 1. "poriad oyy ur punoi L170d A Jo 199159 [BI0) AY) SMOYS MO ISL] A T, "SIOLID PILPUR)S DVH WOIJ OI€ $IILWNISI JUIIDIJJI0D

MO[9( $aN[eAY *(UMOYS JOU SJUIIIIFO0D) SUOTIRIAID PIEPURIS INOJ ULY) I9JIIS SMO[J VSN 10} papnour o[qerres {wwnp Ja17in( ‘soxopur 2o11d jrodwr £q
SO[qeLIEA JB[[OP SIZI[EWIOU (F) pue (90eds dALS 03 UMOYS JOU SIUIIIIPI00) s[o1Iuod [euonippe pue £xoxd oy sopnpur (¢) Axoxd o3 sopnjour (g) “Axoxd
SMOTJ MOY 2 $)Two () uwnoy) ‘punod Aorjod yoes pue sa110891ed moyy 91e32138e 103 SUOISSAISAT 101095 Sun UL URI[IZEIg 01 SMO[J VSl WOIJ SINSIY

g81°6— 0TS 6- SV 10— v 0- 0%°0 8¢°0 09°0 6%°0
66 F— L8V— LL 6~ 9L°6- 06°0 81°0 ¥6°0 660
+896°G F91°G 0LE'G +696°G Gg¢'0 Y60 2L6°0 L&0
al9'8- 08— a99'1- 91— ¥1°0- qro- ¢L'o- 01°0-
LLE 0 12340 66770 66170 808°0 668°0 668°0 16870
06¥°0 SLY0 69%°0 6970 L3880 0480 Ly8°0 ¥¥8°0
196¢°0- 8861°0- 66%0°0- G68T'1 ¥I1E'1 GLYS'T
1660°0— 9% 10°0- 6600°0- 9¢60°0 4%60°0 8L60°0
6691°0— SrI10- 18680~ qeve 1- 006%°0 ¥rar o L8¥6°0 6¥46°0
9610°0- LOT00- 6190°0- 0090°0- L¥00°0 090070 961070 901070
8198°0- 6998°0- 18L9°0- 0689°0— G6L0'T 6L10°T 0666°1 qa0¢6°L
9¢00°0- 9¢00°0- 8600°0— 8600°0— 1000°0 1000°0 600070 600070
¥606°6 06666 6816'¢ 1866°6 61661 9666°1 666L°1 LE8Y'L
+£600°0 460070 +£600°0 +£600°0 900070 9000°0 »£000°0 £000°0
696V 6 $699°6- 6996°1- 6986°1— ¥866°0— L6960~ 6649L°0- GL8L0-
«9100°0- «8100°0- >IT100°0- «[T00°0- 1000°0- 1000°0- 1000°0- 1000°0-
6¥96°0 0Tér'T GL6S°0 L¥09°0 S10¥°0- 6681°0- €99L°0- L80S°0-
6190°0 6¥80°0 G6t0°0 06%0°0 9100°0- 6000°0— 9600°0— 60070
(#) (€) (@) (1) (#) (€) (@) (1)
1pas) 1921(]

(asn) a0
(asn) ¢a10
(asn) gao
(asn) 190

4 parsnlpy
sd

MOa

SISTID

¢10

310

120

269

Quantitative Easing and Portfolio Rebalancing



16969 aF8%°9 alL8°G 2G89°G 6691 6966 086°0 Glev
016 186 G96°¢ 696 ¥0'¢- G6'1- al9°6- 68'1-
180°0- 966°0 081°0 8690 =G16°T 6606 =608°L al$G'6
616 a90°¢ 1086 67’6 99°T jorare 6L°T I8¢
S¥y0 114970 91470 60470 91670 q16°0 986°0 610
LLYO ¥9°0 8649°0 L6<0 6960 16670 61670 qLT'0
1669°T GELT'T 8¥L6'1 8866°¢ 69LT°G 8II9%
£090°0 1é%0°0 8¥¥0°0 84860 768670 eGG46°0
68086~ 0061 %- GLEY V- L996'9~ 6696’ I~ 6667 1- 9Le8'1- 9LL G-
2GGVE 0- 26916°0- F116°0- F0LE 0 6618 0- 0006°0- 216¥6°0- *89L9°0-
CALT'T 08661 0LLT'T GIe0'1 LGLE T- YIS I- 8766 [ G196 -
660070 660070 660070 6100°0 G100°0- ¥100°0- «6100°0- 6100°0-
L6600~ 666670 G08T°0 619¢°1 81¥8°¢ 8069°¢ L096°6 966%'¢
000070 00070 600070 610070 2G600°0 L6000 266000 «I¥00°0
9018°a 4699°6 6986'6 6LIG's 1088°0 LITT'L 4L6€6°0 GEIL'1
:0600°0 a6100°0 a8100°0 a9100°0 L100°0 ¥100°0 L100°0 ¥600°0
¥680°6 1961°6 ¥099°¢ 6688°G ¥8¢8°1- %666 - 691L T~ 60L6°0
ak990°0 a66L0°0 a7680°0 660170 26990°0— a6560°0— 26L490°0- ¥800°0
(#) (€) (@) (1) (#) (€) (@) (1)

199(] :000f10

Cunby :0y0fioq

TIVLIAd “AAOSIdd HOVA ‘SINVY OL VSO AHIL WOIA SMOTA TVLIAVD NOIZIOd

8 2IqeL

(asn) 20
(asn) €10
(asn) gao
(asn) 1240

-4 paisnlpy
A

MOY
SISTHD

¢a0

310

120

270 J.Barata R. B. Barroso



uadxad (1, ‘9G4 ‘9 1. "porrad oy ur punox Ao1jod Y JO 199]J9 [8I0) Y SMOYS MOI ISE] Y [, *SIOLID PILPUERIS DVH WOIJ dI€ SITLWIISI JUIIDIJJI0D

MO[O( SoN[eAY *(UMOYS 10U STUIIDIJJO0D) SUOIIRIAID PIBPUEIS INOJ ULY) I9JBIIS SMO[J VSN J0J PapN[dUI o[qeLIeA Awrwump 121N ‘soxoput 2o1xd jrodwr £q
SO[ELILA JB[[OP SIZI[euLIoU () pue (9deds 9ABS 03 UMOYS 10U SIUDIIIYI0D) s[o1Iu0d [euonippe pue £xoxd a3 sopnput (¢) “xoxd a3 sopnpur (g) “xoxd
SMOTJ MOY 91 s)Two (1) uwnjoy) ‘punoi £o1od yoes pue $a1108918d MO[J 91L3o133eSIP 10J SUOISSIISIT 101998 SUI UL UBI[IZeIg O SMO[J VS WOIJ SINSNY

aI19°8 W0L¥'G 1996°8 16688 663 1- 608 T- 796 1- 668°0 (asn) ad

el 671 651 9¢'1 G6°0- 00°1- 30 1- 1$°0 (asn) ¢a0

L69°0 46920 a8GL°0 +86L°0 G10°0 860°0 0%0°0 011°0- (asn) ¢ad

9¢°0 1370 1370 81°0 L80- Gg 0- 85°0- 040 (asn) 140

109°0 #89°0 £89°0 G89°0 £99°0 090 GL9°0 00570 +d pawsnlpy

359°0 80L°0 g0L0 g0L0 989°0 £69°0 €690 3860 -

$365°1 LOLF 0 86350 366 TT ¥8L°6 986701

$150°0 89000 $£00°0 $G60°T LG T GeSll Moy

0509°0 £692°0 185%0- G09°0- GLIT - 3096°0- LLYL 0- G66L Y-

03300 611070 ¥810°0- 3350°0- 0%50°0- G650°0- 113070~ 2163560~ SISTID

¢81G°T LSLST 038F'1 78871 $9L8°0- $0¥6°0- G800 I- 16650

110070 110070 01000 01000 £000°0- £000°0- £000°0- 300070 ¢a0

FOSH'T AT G385°G 96¥%0°¢ G¥e1°0 G9TE°0 G38%°0 83L%"0-

1100°0 10070 10070 :G100°0 0000°0 1000°0 1000°0 3000°0- 10

86GL°0 6LFF0 LE6F0 $LIV'0 566 I- G661 - #9868 [- 8005

30000 1000°0 1000°0 1000°0 3000°0- 3000°0- 3000°0- #0000 140

62%9°0 G806°0 PLIT'T 1683°T 0061 1- G8LE - 1963 1- 99.8°G

€010°0 GG10°0 G610°0 3050°0 0310°0- 6910°0- 6910°0- 66L0°0 o)
(¥) (€) (z) (1) (¥) (€) (z) (1)

PDOUGV 192(T :010f10] Ciunoo ayp wa 9o 019010 g

271

Quantitative Easing and Portfolio Rebalancing



u2019d ()7 ,°9 G %1 »'STR[[OP UT

pue odures o3 ur sorUNod 93 03 smofy orfoprod vsn Jo aSerusorad e se porrad oy ur Lorjod A Jo 19970 [BGO[S [£101 9YI MOYS MOI ISE[ I ], "UOISSIITII
L0l o) Surddensiooq £q poaryLIoA se ‘s105$91891 Pa1IdUAS 01 ISNQOT SINSAIT [[Y "SIOLID PIEPUEIS ISNGOT YA WOIJ I SIJLWIISI TUIDIJJO0I MO[oq
son[eAd *(UMOYS 10U SIUDIDIJJO0D) SUOTIRIAIP PIEPURIS INOJ URY) 19113 SMO[J VSN 10J PIPN[OUL d[(RLIEA AWIWND IdIINQ 199} TO 1d20X0 $1Ud101§5000
[1e ur £31ou28019391 SMO[E () pUE (UMOYS JOU SJUIIIIFI0d) s[o1Iu0d [euonippe pue £xoxd ayi sopnpur (g) Axoxd ayy sopnpour (g) “xord LoL 2y3 syrwo
(1) uwnjoy) *s3d9dI91ur SN02UF0I919Y 10J MO[[B SUOISSIIZIL [[Y "199YS 2DUR[R(] IAIISINY [LIdP, ut a3uryd a3 st Lorjod g0 Lorjod 40 uo passaaSax (erep
SAI) SMO[J [€10) JO [enpIsal d1j199ds A11UN0d o) ST LOL 9[RLIEA AXOI] *STWOU02? JoyIew SuLSIowd £ 1 01 (Bep DIL) smo[j orjoprod ysn woiy synsay

L96S  L883  G6'T¢ 006G 39300 -I1896 6638 66301 LV63L 68 TET 33 TIT +$9°8GT (asn) ad
8¢ ¥S P9 8696 (6998 «EEFL  0T0L G009  STFL 69F9 0969 wLGGS +36'6L (%) @0
LS3°0  9¢T°0  €ET°0  gFO'0  L9T'0 G600 0600 9300 6980 1§10 LgT'0  090°0 4 parsnlpy
6650  I¥L'0  86T'0  FFO0  ¥6T'0 6600  F600 L300 IO LSO BEL0 8500 |
uerpaw  0600'¢  $998°F ueIpawWw  g6G0'¢  g001'¢ uerpaw - 8900F  6£56°¢
[3GT°0  +LLET'0  +0FET°0 9g70°0  +I8ST°0  +00F1°0 91L0°0 16310 +6L31°0 101
URIPIW LTG0 FEE00  LEEETG- UBIPAW  (Z98'T- L009T- G096'3- UBIPAIW  8O0E'T- I¥63T- 8I88°6-
¥8Y0°0- L080°0 98000  «I619°0- ¥8IG0- 923655°0- FIFF0- +6€8°0- 6589°0- 30¥S0- LITG0- 985 1- SISTD
ILIS'T  8FG0'T 61180 09981 86IGE FSPI'S 6988 898¢'¢  6L0G'S FIST'S 61083 9II6C
€500°0  S000°0  €000°0 80000 :9T00°0 +GT00°0 «£T00°0 9100°0 +0300°0 +1300°0 +L100°0 +G300°0 a0
(t) (€) (¢) (1) (#) (€) (z) (1) (¥) (€) (¢) (1)
191 -00/pod by -oyofuog 12101, “00fpod

(4T 41 erep [oueq)
VSN AHL WOdd SMOTA TVLIdVO NOIddO4d
6 219°L

272 J.Barata R. B. Barroso



ANNEX

Thefollowingtables reportadditional results for Brazil’s capital flow
dataset. The tables here follow the same structure as Tables 5-8. The
onlydifferenceisthatwe nowinclude ownlagofthe dependentvaria-
bleas control, aswellasdummyvariables representing the duration
of the capital flow taxes on debt flow, equity flows except American
depositaryreceipts (ADR) and ADR flows. To facilitate cross-referen-
cing with the tables in the main text, we number the tables from he-
reon as A.5 to A.8. As mentioned in the results section of the main
text, results with the additional controls are broadly consistent with
the ones without such controls. Yet, some effects are no longer sig-
nificant, particularlyfor foreign directinvestment and credit flows.
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Investigating Monetary Policy

Spillovers from the United
States of America to Jamaica

André Murray

Abstract

This paper investigates the evidence of monetary policy spillovers from the
United States of America (USA) to financial conditions and monetary policy
decisions in Jamaica. It utilizes the method developed by Lombardi and Zhu
(2014) to derive shadow policy interest rates for Jamaica as well as the shadow
policy rate for the USA derived by Wu and Xia (2016), then employs a stand-
ard structural vector auto regressive (SVAR) model to identify the monetary
policy shocks. Utilizing shadow policy rates is key to identifying the true mon-
etary policy stance in both countries given their extensive use of unconven-
tional monetary policy tools following the 2008 global financial crisis (GFC),
albeit for different reasons. Theresults suggest that there are direct monetary
policy spillovers from the USA to Jamaica. However, the largest spillover was
indirectly through the response of the monetary authority in Jamaica to the
US policy’s impact on relative prices.
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1.INTRODUCTION

ince the 2008 global financial crisis (GFC), mostadvanced econo-

mies, andin particularthe USA, have been faced withachallenging

monetary policy environment to stimulate output growth in the
face ofaglobalrecession.Inthatregard, havinginitiallyreduced their
policyinterestrates close to their zero lower bound (ZLB), many have
had to resort to unconventional monetary policy (UMP) tools, which
primarilyincluded large scale financial asset purchasing programs,
usually referred to as quantitative easing (QE) programs. This new
monetary policy environment has stimulated muchresearchinto the
impact ofthese UMPs byadvanced economies on monetary policy deci-
sionsin emerging market economies, typicallyreferred toasspillovers.

Most of the studies on the effects of monetary policyactionsinad-
vanced economies since the 2008 GFC on other advanced as well as
developing countries have found evidence of spillovers, primarily
through changesinbondyieldsand asset pricesresulting in changes
in capital flows. However, there has been very little evidence of the
impactfrom changesinthe actual policyrate of the advanced econ-
omy. These findings were not surprising given that interest rates in
advanced economies were approximately zero and not changing,
which therefore meant they had very little informational content.
However, this empirical challenge was addressed by Lombardiand
Zhu (2014) as well as Wu and Xia (2016) who created shadow policy
rates for the USAwhich were notbounded below byzero and incorpo-
rated the impact of these UMPs on the central bank’s balance sheet,
as well as changes in maturity structures of key assets into a single,
easy-to-understand indicator.

During this period of generallyloose monetary policy by central
banksinadvanced economies, some developing countrieslike Jamai-
cawere faced with the difficultand sometimes conflicting objectives
of building their international reserve positions while stimulating
domestic output growth. Specifically, following the 2008 GFC Jamai-
cafaced amajor balance of payments challenge and implemented a
stand-byarrangement (SBA) supported economicstructural reform
program primarily aimed at improving the country fiscal sustain-
ability while reducing systemic financial sector risk. This program
was discontinued in 2011 but was followed by an Extended Fund
Facility (EFF) supported economic program in February 2014 also
aimed at improving fiscal sustainability and improving price and
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non-price competitiveness while boosting growth and employment.
Over the life of these programs the monetaryauthorityin Jamaica,
the Bank of Jamaica (BOJ), was challenged with meetingitsinflation
objectivesand monetarytargets while creating an environment sup-
portive of the growthrequired to allow the countryto emerge froma
prolonged andsevererecessionand tobecome placed onasustained
higher growth path.' In order to meet these sometimes conflicting
objectives, the BOJ employed numerous UMPs, including theissuing
of US dollar denominated certificates of deposit (CD) to build inter-
national reserves without having to significantly increase interest
rates on domestic currency denominated securities.

The monetary policy environment in Jamaica, therefore, was
being significantly influenced by domestic factors following the fi-
nancial crisis, which mayhave been exacerbated by policyinitiatives
in the advanced economies. Therefore, the purpose of this study is
toascertain towhat extentinternational monetary policy spillovers
have affected the policy decisions at the BOJ historically by properly
measuring the monetary policystanceinboth countries during the
post-crisis period.

The rest of the paperis organized as follows: Section 2 examines
theliterature oninternational spillovers and monetary policy trans-
mission in Jamaica; Section 3 gives a brief description of the data
utilized; Section 4 explains the models and methodology; and Sec-
tion 5 the results and conclusions.

2. LITERATURE REVIEW

Although theliterature on monetary policyspillovers has grown sig-
nificantlysince 2008, theideaisnotnew. Aizenman, Chinn, and Ito
(2015) opine that in the mid-1990s, when advanced economies sig-
nificantly increased their policy rates after an extended period of
negative real rates, there was a significant impact on emerging Lat-
in American and East Asian economies. The authors note that the
difference in the impact was primarily a function of the exchange

' The BOJ operates a monetary policy regime referred to by Stone (2003)
as inflation targeting lite. In this operational structure, the monetary
authority, though without a formal mandate, announces an inflation
forecast for the year and then utilizes monetary policy to achieve that
target.
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rate regime. That hypothesis is consistent with the Mundell (1963)
hypothesis of a monetary trilemma where the policy trade-offs in-
volve monetaryautonomy, exchange rate stabilityand financial open-
ness. The authors find that the exchange rate regime and financial
openness haveadirectinfluence onthe magnitude of the spillovers.

Many of the papers on spillovers since 2008 use proxies for mon-
etary policy stance, which include event studies on announcement
dates to measure the impact on financial conditions and monetary
policyresponsesin emerging market economies. These studies typi-
callyfollow the works of Glirkaynak, Sack, and Swanson (2005), and
Girkaynak, Sack, and Swanson (2007), using event analysis to meas-
ure the impact of monetary policy. Studies of thisnature include the
works of Wright (2011), Hausman and Wongswan (2011) and Bow-
man, Londono, and Sapriza (2014), which examine the impact of
policy changes pre-UMP in the USA. Otherauthors examine the UMP
periodlookingat changesinactual USasset pricesand theirimpact
on policy spillovers. These include works by De Pooter et al. (2014),
Moore, Nam, and Tepper (2013), and Ahmed and Zlate (2013).

Whilst previous authors have used indicators and proxies of mon-
etarypolicy, another group of researchers developed shadow prices
oftheactual policyrate of the USeconomyto provide ametric thatis
robust to and easily identifiable with the history of monetary policy
actions in the selected developed countries. These works include
those of Kim and Singleton (2012), Bauer and Rudebusch (2013),
and Wu and Xia (2016) which exploited the information content
in various interest rate term structures to derive the shadow policy
rate. These works are complemented by Lombardi and Zhu (2014)
who utilized a large dataset where changes in the Federal Reserve
balance sheet as well as selected interest rate are used to capture
the implied impact of the UMPs in the US policy rate. By using this
approach, the authors’ results allow for the continued utilization
of the policy rate as the measure of the monetary policy stance in
the USA. Although these papers were not utilized to measure mon-
etary policyspillovers, their ability to capture UMPs lends itself well
to the body of research. In addition, given the limited interest rate
data available in small developing states like Jamaica, the work of
Lombardiand Zhu (2014) lends itself well to application with other
available information.

Tothe best of thisauthor’s knowledge the only study of monetary
policy spillovers from the USA to Jamaica was conducted indirectly
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in Murray (2009). It found a weak direct impact of changes in the
policyrate in the USA on the policyrate in Jamaica. The main chan-
nel of the spillovers was the impact of changes in the policy rate on
US inflation and the impact of the changes in US inflation on the Ja-
maica dollar to US dollar exchange rate. This change then resulted
in a domestic monetary policy response. Indeed, many of the stud-
ies on the monetary policy transmission mechanism in Jamaica,
such as Allen and Robinson (2004), have found strong evidence of
an exchangerate channelthat hasled toamonetarypolicyreaction
function that is heavily weighted toward exchange rate changes. It
should be noted that the study by Murray (2009) was conducted on
dataupto 2005 and therefore would not have captured the post 2008
financial crisis response.

3. UNCONVENTIONAL MONETARY POLICY

3.1 Unconventional Monetary Policy in the USA

In October 2008, the Federal Funds Rate (FFR) fell below 1%, effec-
tively reaching its ZLB as the Federal Reserve tried to counter the
recessionaryimpact of the 2008 GFC and stimulate the US economy.
By November, the Federal Reserve began the first round of liquidi-
tyinjection through the unconventional meansoflargescale direct
purchase of Treasury notes and mortgage-backed securities. This
phase of the program, referred to as QEI, led to the stock of these
securities on its balance sheet increasing from between 700 billion
USD and 800 billion USD in 2008 to approximately 1.75 trillion USD
of bank debt, mortgage-backed securities, and Treasury notes by
March 2009.

The second round of this program, QE2, was announced in Nov-
ember 2010, whenthe Fed targeted the purchase ofan additional 600
billion USD of Treasury securities by the end of the second quarter
of2011. Thiswas followed by QE3 in September 2012 which targeted
a 40 billion USD per month open-ended bond purchasing program
ofagencymortgage-backed securities. This target was increased to
85 billion USD per monthin December 2012. Additionally, the Fede-
ral Open Market Committee (FOMC) announced thatit would likely
maintain the FFR near zero at least through 2015.
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By 2013 the US economy had begun to record strong economic
growth with low inflation and on June 19, 2013, the Fed Chairman
announced a taperingof some aspects of the program should the po-
sitive developments continue. Specifically, bond purchases would
be reduced to 65 billion USD from 85 billion USD per month. This
tapering actually began in February 2014, before ending comple-
tely on October 29, 2014. At the end of the program the Fed accu-
mulated approximately 4.5 trillion USD in these assets, an increase
of nearly 600 percent.

3.2 Unconventional Monetary Policy in Jamaica

Jamaica’sfinancial market wassignificantlyaffected bythe 2008 GFC,
resultingin asharp reduction in foreign currency flows and a spike
inthe pace of depreciation of the domestic currencyagainstits main
trading counterparts. In addition, during the March 2009 quarter
there were significant maturities of government debt, which exacer-
bated the domestic financial challenges. In response the monetary
authorityin Jamaicainitiallyimplemented swiftand aggressive con-
ventional monetary policy actions which included sharp increases
ininterest rates as well as raising the cash reserve requirements for
both foreign and domestic deposits.

Inordertoweatherthe post-GFCthe Government of Jamaica (GOJ)
signed two International Monetary Fund (IMF) supported econom-
icreform programs: the firsta 27-month Stand-by Arrangement ap-
proved in February 2010 and the second afour-year Extended Fund
Facility (EFF) agreementapprovedin May2013.2 Both programswere
aimed atimproving the country’s growth prospects whilst reducing
its vulnerability to external shocks. In that regard, the reforms in-
cluded two debtrestructuring exercises of the country’s public debt,
with the first launched in January 2010 and the second in February
2013.?Both exercisesresulted in asignificant change in the maturity

2 See<https:/ /www.imf.org/external /np/sec/pr,/2010/pr1024.htm>
and <https://www.imf.org/external /np/sec/pr/2013/pr13150.
htm>.

* The Jamaica debt exchange (JDX) launched in January 2010 and
the national debt exchange (NDX) implemented in February 2013
represented 700 billion Jamaican dollars -JMD- (65% of GDP) and
860 billion JMD (64% of GDP), respectively, of the full amount of the
marketable debt of the Goverment of Jamaica.
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profile of amajor portion of the debt obligationsand hence the avail-
able liquidity of the financial sector.

Inthe context of the resulting global and domestic economic en-
vironment coupled with the challenges of meeting the targetsunder
both economic programs, the BOJimplemented anumber of UMPs.
These policies can be broadly grouped into three main categories:
foreign currency market operations, open market operations and
other operations.

3.2.1 Foreign Currency Market Operations

Jamaica operates a floating exchange rate regime in which it inter-
venes occasionally to reduce unusually large changes in the value
ofthe domestic currencyrelative to the US dollar. These episodes to
buy or sell foreign currency are required primarily due to the size
and openness of the market. In addition, given the level of develop-
ment, the market is susceptible to substantial changes in value due
to the actions of a few large players. In that regard the BOJ operates
asurrender arrangementin which authorized dealersare required
to surrender or sell a proportion of their foreign currency market
purchasesat the weighted average purchase rate of all banks for the
previousday.* However, following the 2008 GFC there wasincreased
volatility in the market for foreign currencies, which was attributed
tothe effect of the lumpy demand episodes of afewlarge publicsector
entities. In order to reduce this impact on the market, on February
03the Bankimplemented anadditional surrenderrequirement, the
publicsector entities (PSE) foreign exchange facility, which consoli-
dated the foreign exchange demand of these entitiesand coordinat-
ed foreign currency payments to minimize volatility in the market.

3.2.2 Open Market Operations

Given the need to build foreign currency reserves without adver-
selyimpacting domestic credit expansion prospects under the IMF
EFF-supported economic program, the BOJ introduced foreign cu-
rrency denominated certificates of depositin November 2013. This
approach wasdueto the provisions outlined in the IMF’s Balance of
Payments Manual that foreign currencyliabilities with more than

* The foreign currency surrender requirement has been in effect since
September 1990.,see <http: / /www.boj.org.jm /pdf/foreign_exchange.
pdf>.
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one year to maturity would not be included in the calculation of
the netinternational reserves (NIR).

Following the introduction of these instruments and in light
of the generally tight liquidity environment that existed since the
implementation of the debt exchanges, the BOJ provided liquidi-
ty support to the market at a six-month tenor for institutions that
purchase the BOJ US dollar-denominated CDs for tenors in excess
of two years. This lending tenor, which was the longest allowable
underthe Bank of Jamaica Act, allowed deposit-taking institutions
that were holding strong foreign currency positions to access lon-
ger term liquidity without having to liquidate their hedges in an
uncertain economic environmentwith bouts of sharp depreciation
of the domestic currency.

3.2.3 Other Operations

During the December 2009 quarter the Bank also extended credit
to the Government to assist in closing its financing gap in a context
of reduced investor appetite for GOJ debt. The demand for GOJ ins-
trumentswaned as aresult of heightened uncertaintyin the domes-
tic market surrounding the terms and timing of the IMF agreement
and associated Government debt managementinitiatives. This sup-
port to the GOJ included temporary advances of 5.1 billion JMD in
Novemberand the purchase of securities totalling 18 billion JMD on
December 15. The Governmentrepaid 2.5 billion JMD of the advan-
cein Decemberand the remaining 2.6 billion JMD was converted to
GOJsecurities. The Bank’s secondary market sales of its holdings of
GOJ securities reabsorbed 14.8 billion JMD from the financial mar-
ket during the June 2010 quarter.

3.3 Justification for Shadow Interest Rates

While the justification for the use of the shadow interest rate for the
US is obvious given the ZLB condition and implementation of rela-
tively unpresented UMPs, the justification for its use for Jamaica is
less clear. Jamaica’s policy rate remained well above zero. However,
in real terms, the policy rate had become negative and in nominal
terms had reached the lowest level since the countrystarted opera-
ting a floating exchange rate in 1991. The main rational for using
ashadow interest rate was that the BOJ kept the policy rate unchan-
ged from February 2013 until the end of the period reviewed in this
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study. During that period the BOJ introduced a suite of UMPs, some
ofwhich had neverbeen utilized in the country’s history. This effec-
tively resulted in changing money market conditions and a percei-
ved breakdown in the relation of the policy rate with market rates.
Itistherefore anticipated that the estimated shadow policyrate will
show that the perceived breakdown in the relation between market
ratesand the policyrate onlyreflects the reduced information con-
tent in the actual policy rate and not a breakdown in the transmis-
sion of monetary policy.

4. DATA

Inordertomeasure the spillover of monetary policy, thisstudy utilizes
threesets of data, including realand monetaryvariables for both the
USA and Jamaican economies. The Federal Reserve shadow interest
rate used is from Wu and Xia (2016), available online at the Federal
Reserve Bank of Atlanta’s website.? Monthly as well as quarterly data
for Jamaica is used to estimate the shadow policy rate for that coun-
try. Thisis then incorporated with monthly data from the USAin VAR
models tomeasure the monetary policyspillovers of the policyaction
in the USA to the Jamaican economy.

The trends in the balance sheets of the Federal Reserve and the
Bank of Jamaicasuggestthat, in general, both institutions followed a
similar pattern of expansion in their balance sheets in the post-2008
GFC. For the USAthere was a sharp expansion in the non-government
securities assets of the balance sheet in 2009, before some normali-
zation in the proportion of government securities to total securities
occurredin 2010. Therewasalsoareductioninthe pace of expansion
in the balance sheet in the second half of 2012 before the pace of ex-
pansion increased againin 2014. For Jamaica, the pace of expansion
in 2009 was not as sharp as in the USA. There was also a contraction
in the BOJ’s balance sheet between March 2011 and November 2012.
Within the liabilities there was areversalin the pace of expansion be-
tween foreign liabilitiesand deposits. These changesin the respective
balance sheets hint at the UMPs pursued in each country.

5

See <https://www.frbatlanta.org/cqer/research/shadow_rate.
aspx?panel=1>.
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Figure 1
TREND IN FEDERAL RESERVE’S AND BANK OF JAMAICA’'S BALANCE SHEETS
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4.1 Monthly Data for the Jamaican Economy

The data for Jamaica was compiled to capture the similar informa-
tion on monetary policyas estimated for the USeconomyin Lombardi
and Zhu (2014). The variablesarelisted in Table 1 and span January
1992 to December 2014. It should be noted that the data on Jamaica
is much more limited than the USA due to availability. In addition,
Jamaica transitioned to a floating exchange rate in 1991 from fixed
ratesand auctioning regimesin prior periodsand therefore limiting
the datato post-1992will allow for a purer examination of monetary
policy spillovers in the domestic economy. In addition, utilizing a
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single exchange rate regime data set will avoid issues of the trilem-
maas outlined in Aizenman, Chinn and Ito (2015).

Itshould be noted thatakeydifference between the balance sheets
ofthe BOJ and those of the Federal Reserveis the inclusion of foreign
assetsand liabilities. Thisisimportantas Jamaicais asmall country
and the centralbank holdsasizable amount of foreign assets. Inaddi-
tion, a key aspect of the UMPs employed by the BOJ was the issuance
Usdollar-denominated CD. These CDswere introduced in the context
thatthesixth edition of the International Monetary Fund’s Balance
of Payments Manual classifies foreign liabilitiesin excess of oneyear
to maturity as part of the netinternational reserves. Therefore, the
BOJ was able to build the net international reserves through these
instruments by borrowing foreign currency directly from residents
without having to raise domestic interest rates to induce holders to
sell foreign currency for Jamaican currency.

Another important insight that should be derived from this ap-
proachisthatakeycomponentofthe economic reform programwas
a major fiscal adjustment that would have resulted in a significant
tightening of domestic currencyliquidity despite little adjustment in
the policyrate. Therefore, monetary policy could have been tighter
than evidentinthe policyrate, butshould be reflected in the mone-
taryaggregates as well as the Treasury bill rates.

Table 1
MONTHLY DATA ON JAMAICA

Block I: Interest rates
30 day CD
Rates on GOJ T-bills with maturities of one, three and six months
Block IT: Monetary aggregates
Monetary base or M0
M1, M2 and M2F
Block III: BOJ balance sheet (assets)
Total assets
Net claims on the public sector
Block IV: BOJ balance sheet (liabilities)
Currency in circulation
Total liabilities
Cash reserves
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4.2 Other Data for the Jamaican and US Economies

In order to measure the spillovers from the USA to Jamaica, the stu-
dy included monthly and quarterly macroeconomic variables for
both countries. The data spanned January 1992 to December 2014.
Monthly data on inflation, exchange rates, interest rate and the
monetary base were utilized. In addition, quarterly real GDP for
each country was included. The quarterly data was interpolated to
amonthly frequency using a linear match to the last data point. All
data, with the exception of the interest rates, were then logged and
seasonally adjusted using the US Census Bureau X-13 seasonal ad-
justment tools. The fulllist of variables and descriptions utilized in
the studyare in Table 2 below.

Table 2
SVAR VARIABLE LIST AND DESCRIPTIONS

Variable Symbol Description
US variables
US GDP 3" Real GDP of the US
US policy rate r Estimated shadow policy rate of the
US, the FFR
US inflation b Annual change in the consumer price

index (CPI) of the US
Domestic variables

Real GDP y Real GDP of Jamaica

Inflation b Annual change in the consumer price
index of Jamaica

Depreciation s Annual change in the weighted
average selling rate of the JMD per
UsD.!

Policy interest rate r Estimated shadow policy rate of the

BOJ, the 30-day CD (BOJ30D)

Monetary base mb The monetary base stock in Jamaica

'Therefore, an increase in simplies a depreciation in the Jamaican dollar.
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5.MODELS AND METHODOLOGIES

5.1 Dynamic Factor Models with Missing Variables

The shadow policy rates for Jamaica were estimated using the pro-
cessoutlined in Lombardiand Zhu (2014). This process was chosen
for Jamaicainstead of the method utilized by Wu and Xia (2016) for
the USAas Jamaicadoesnot havearich enoughset ofinstruments to
derive the shadow price from these yields. An attempt was made to
derive the shadow price for both economies using the method uti-
lized by Lombardiand Zhu (2014). However, given some challenges
in completing the dataset for the UsAitwas decided to utilize the Wu
and Xia (2016) dataset as the resulting shadow policyratesare quite
similar in magnitude and direction.

Estimating the shadow price for Jamaica using the method out-
lined in Lombardi and Zhu (2014) first employs the estimation of
dynamicfactor models (DFMs) with missing datafor both countries
using the dataset givenin Table 1. DFMs, which date back to the work
of Geweke (1977) have been widely utilized in macroeconomics as
theyallow for the reduction in the dimensionality of large data sets
by extracting a small number of common, latent or unobserved
components out of the information in the dataset. These common
components are chosen to maximize the proportion of variability
in the data they explain.

In orderto estimate the DFM, let {X[ , t= l,...,T} be astationary N-
dimensional multiple time serieswith 7 observations. These obser-
vations are determined by a set of unobserved factors F, such that:

il X, =AF +e,,

where F isan rx1 vector offactors, A isan N xr matrix of the fac-
torloadings and ¢, theresiduals assumed to bei.i.d.and Gaussian.
Itisassumed thatthe unobserved factors, F,, followavectorautore-
gressive (VAR) process of order p, given by:

4
E E= ZAiF;—i +u,

i=1
where A; arethe coefficient matricesforthe p lags of thefactorsand
u, istheresidualswhicharealsoassumedtobei.i.d.and Gaussian.
Equations 1 and 2 canbe estimated asastate-space using the Kalman
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filter as outlined in Engel and Watson (1981). The system is estimat-
ed using the expectation maximization (EM) algorithm which was
first proposed by Dempster, Laird and Rubin (1977) and Watson
and Engel (1983) for estimating unobserved variables models. This
algorithm works by iteratively replacing unobserved variables with
their expected values based on the specified law of motion in equa-
tion 2 conditioned on the observed series and then maximizing the
likelihood conditional of these expected values.

The algorithm was extended by Banburaand Modungo (2014) to
not only estimate the unobserved factor loadings, but also to esti-
mate missing datafrom the observed series X, , even for caseswhere
the missing datahasanarbitrary pattern. Thisisachieved by writing
the likelihood as if the dataset were complete, then using the esti-
mated factor loading to fillin the missing data. This processis then
iterated and the authors prove that underaregularity condition the
EMalgorithm convergestoalocal maximum of the likelihood. This
method was then exploited in Lombardi and Zhu (2014) where the
factor loadings were determined by the monetary aggregates, bal-
ancesheetand interestrate data, and the USinterest rate was treated
as missing when they seemed to reach their ZLB. These include the
federal funds rate and Treasury bill rates which have been approxi-
mately zero since 2008. In addition, the dataset included anumber
of missing data points, particularly interest rates in periods when
noissues occurred.

Assimilar process was applied to the Jamaican data. However, al-
thoughinterestratesin Jamaicadid notreachtheiractual ZLB, BOJ’s
policy rate reached historic lows and movements in the policy rate
may have had less information content than in prior periods. In that
regard, similar to the US policy rate, interest rates in those periods
were treated as missing.

Tosatisfythe estimation criteriathatthe observed series be statio-
nary, datain blocksII, IIlTand IVwere expressed in 12-month chan-
ges. Using 12-month changesalsoreduced the pattern of seasonality
thatmayhave been evidentin the series. In order to capture the full
impact of the UMPsin Jamaica, the policyrate was treated as missing
data over the period February 2012 to December 2014.
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5.1.1 Shadow Policy Rate for the USA

The shadow policy rate from Wu and Xia (2016), is plotted against
the actualrate in Figure 1. This shadow policy rate suggests a signi-
ficant easing of the Federal Reserve policyrate since 2009 where the
rate has been generally negative. However, the pace of easing has
been gradually reduced since December 2013, consistent with the
tapering in the QE programs.

Figure 2
UNITED STATES: SHADOW POLICY RATE FROM WU AND XIA (2016)
AND ACTUAL RATE
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5.1.2 Shadow Policy Rate for Jamaica

For the estimation for Jamaica, the selected specification was three
factors (r=3)and three lags (p=3). As was done in the case for the
USA in Lombardi and Zhu (2014), two of the estimated factors are
plotted against policy rate and the monetary base to illustrate the
comovement between the observed data and the estimated factors.
The results, shown in Figure 3, show a strong comovement, with

the three factors accounting for approximately 90% of the varia-
tionin the data.
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Figure 3
JAMAICA: SHADOW POLICY RATE, POLICY RATE AND MONETARY BASE
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The shadow policy rate is then plotted against the actual rate in
Figure 4. Theresultsindicate thatthough policy eased greaterthan
suggested by the policy rate in 2012, there was a sharp tightening
in monetary policy in 2013, which continued into the latter half of
2014 when there was a sharp easing in policy by the end of the year.
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Figure 4
JAMAICA: SHADOW POLICY RATE AND ACTUAL RATE
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5.2 Structural Vector Autoregressive Model

The model estimated consisted of eight variables outlined in Table
3tocapture the monetary policy transmission from the USAinto the
Jamaican economy. Each variable was analysed in changes to ensu-
re stationarity of the system. All variables except the interest rates
were expressed aslogged differences while interestrates are expres-
sed as differences.

The model takes the form of a standard structural VAR specified
as outlined in Amisano and Giannini (1997) and Hamilton (1994)
expressed as:

4
B yt=2A1yt—z+ vt’
i=1

where A; are kxk matrices, the variables y, ; and € are kx1 vec-
torsfori=0, 1, 2, ...p and v, ~N(0, Zv ). This is the reduced form of
the specification and can therefore be estimated by ordinary least
squares for the appropriate lag length. In order to obtain the struc-
turalinnovations, the model can be transformed by pre-multiplying
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the system with the matrix of contemporaneous relations between
the variables A, to transform the VAR modelin equation 3 into the
structural vector autoregressive (SVAR) model:

4
Aoyt=zA:yt—i+ont’
=1

where Al.* =A)4;, fori=1, 2, ..., p. The notation of the model can be
further simplified, assuming A = A, such that equation 4 can be re-
written as

AA(L) yt = Avt ’

and sz = Bf[ with €~ N(O ,Ik). Thereduced form or observed residu-
alsare given by ¢, while v,is the unobserved structuralinnovations
which are assumed to be orthonormal. Therefore,

H E[vtv;]zlk,and

6 AT A=BB.

This structure, called the AB-model by Amisano and Giannini
(1997) can then be estimated by maximum likelihood by imposing
theappropriaterestrictionson Aand B. Given both sides of equation
6aresymmetric, thereare k (k +1 )/2 restrictionsonthe 2k? elements
of Aand B. Therefore, the system can be estimated by imposing at
least 2k°~ k(k +1) /2 = k (3k ~1) /2 restrictions.

This paper uses theidentification approach formodelling the in-
teractions between arelativelylarge and small economy by applying
block exogeneity restrictions as introduced by Cushman and Zha
(1997) and Dungeyand Pagan (2000) on A. There are essentially two
blocks of data for the foreign and domestic economies. The iden-
tifying restrictions are essentially two sets of ordering restrictions
based on Cholesky ordering. However, the domestic blockis connec-
ted to the foreign block using theories such as uncovered interest
and purchasing power parity conditions for the exchange rate. In
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Table 3
Dependent Explanatory

y r b y b r s mb

B

D SRR

addition, othervariablessuch as foreign output, y, ,areassumed to
have a direct impact on their domestic counterparts. The resulting
identifying matrix Ais given in Table 3.

This model is essentially a smaller scale version of the model es-
timated in Murray (2009) and therefore provides some insightas to
whether there has been a change in the spillovers before and after
the GFC. Also, in order to establish the efficacy of the shadow policy
rate, the modelwas estimated using both the shadow policyrate and
the actual policy rates, and the results were compared.

Two models were estimated, one using the shadow policy rates
for each economy and the other with the actual rates. Both models
were estimated with two lags based on the selection criteria (see Ta-
ble A.1). Theresults of the estimation with the shadow rates as well as
the actual policy rate are provided in the impulse responses below.
They suggest, for the most part, that using the actual interest rates
would have resulted in counter intuitive responses for many of the
variables while the shadow policy rates provide responses that are
more intuitive and in keeping with previous findings.

In Figure 5, the impulse responses show thata change in the FFR
hasadirectimpactonthe policyrate in Jamaica. However, following

® Alternative orderings of the domestic variables were examined. While
they did result in some changes in the magnitudes of the impulses,
there was no impact on the directions and timing of the impulses of
the key variables of interest.
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Figure 5

IMPULSE RESPONSE TO ONE STRUCTURAL STANDARD DEVIATION
SHOCK TO THE FFR
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Figure 5

IMPULSE RESPONSE TO ONE STRUCTURAL STANDARD DEVIATION
SHOCK TO THE FFR
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Figure 6

IMPULSE RESPONSE TO ONE STRUCTURAL STANDARD DEVIATION
SHOCK TO THE BOJ30D RATE
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Figure 6

IMPULSE RESPONSE TO ONE STRUCTURAL STANDARD DEVIATION
SHOCK TO THE BOJ30D RATE

IMPULSE RESPONSE OF INFLATION TO BOJ30D
5.00E-04 —

4.00E-04 —
3.00E-04 —
2.00E-04 —
1.00E-04

0.0

—-1.00E-04 —

-2.00E-04

-3.00E-04 —

Actual Shadow

IMPULSE RESPONSE OF DEPRECIATION TO BOJSOD

1.50E-03 —

1.00E-03 —

5.00E-04

-5.00E-04 —

-1.00E-03 ~

Actual Shadow

Investigating Monetary Policy Spillovers from the United States to Jamaica 309



the initial positive response of the BOJ to this innovation, thereisa
reduction in the third month in response to a sharp appreciation
of the Jamaican dollar, possibly due to a stronger than initially re-
quired policy response. The BOJ then responds to the appreciation
bylowering the policy. This response is consistent with previous as-
sessments of Jamaica, such as Allenand Robinson (2004) and Murray
(2009), which showastrongresponse of the BOJ to the exchange rate
changes. The impulse response of Jamaica’s output to the shadow
policyrate changesin the USAis also consistent with a priori expec-
tationsaswell as the findings of Murray (2009). The policyactionin
the USAreduces that country’s demand, which in turn reduces the
outputin Jamaica.

Withregardstothe domestic monetary policy transmission mecha-
nism process, the shadow policyrates give more plausible responses
than the actual policy rate based on the direction of the impulses.
However, theresults differ somewhat from previousstudies. Changes
inthe shadow policyrate have the expected impact on domestic infla-
tion, outputand the exchange rate. However, the impulse response
of output to the actual rate is counterintuitive. With the exception
of output, the domesticvariablesresponse to the adjustmentsin the
shadow policyrates have asimilar direction; however, the magnitu-
de of the initial response to the shadow policy innovation is much
larger and in general dies out much faster.

With regards to the responses of domestic variables to shocks to
changesinthe domestic policyrate, again the impulse responses of
the modelwith the shadow policyrate provide more intuitive results
than the actual rate (see Figure 6). In particular, the impulse of in-
flation to an increase in the actual policy rate results in an increase
ininflation. However, using the shadow policy rate results in an ex-
pected fallininflation. Interestingly, the shadow policy rate models
suggest a smaller policy response yields a larger than expected re-
sponse of domesticvariables totheinnovation. Therefore, the actual
policyrate would have underestimated the size of the required poli-
cyresponse. However, it should be noted that the size and duration
of the impact of the shadow rates differs from previous studies like
Allenand Robinson (2004) and Murray (2009) that suggest that the
greatest impact of the policy innovation on inflation occurs six to
eight quarters after the action. These results may be due to the use
of'amodel in changes on monthly data with an interpolated meas-
ure of GDP. This approach would ignore the long-run impact of the
policy changes on the variables.
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Again, the impulse responses of the other domestic variables to
innovations frominflation and depreciation are more plausible ba-
sed on the shadow policy rate molds (see Figures A.1 and A.2 in the
Annex). However, the domestic policyresponse toinflation suggests
thatthe BOJ’sinitial response would be toreduce the policyrate. The
responseincreased depreciation, however, is consistent with a priori
expectations. The clear and strong response to depreciation is con-
sistentwith previousstudies on Jamaicawhich suggests that histori-
cally there hasbeen astronger focus and policy response of the BOJ
to depreciation than inflation given that depreciation has played a
strong role as anominal inflation anchor to the public.

6. CONCLUSION

The paperinvestigated the evidence of spillovers of monetary policy
innovations in the USA to the Jamaican economy. Utilizing the ap-
proach by Lombardi and Zhu (2014) provided a useful measure of
the true policy stance in Jamaica, allowing for a reasonable assess-
ment of domestic policy changesto domesticaswell asinternational
factors. The results point to evidence of direct policy spillovers as
the BOJ responds immediately and in the same direction as the Fed
inordertomaintain someinterestrate parity. However, subsequent
to thisinitial response, the largest domestic policy interest rate ad-
justment is to the impact of the Fed policy rate changes to relative
pricesin the two countries. In particular, the subsequent domestic
interest rate response to exchange rate changes far outweighs the
initial response toadjust to maintain parity between the foreign and
domestic interest rate.

Inaddition toidentifying the directspillovers, the shadow policy
rate approachalso provided more intuitive responses than theactual
policyrate model. Of note, using the actual policy rate model leads
to an underestimation of the domestic monetary policy transmis-
sion mechanism and the measured impact on prices. There were,
however, some counterintuitive impulse responses from the exer-
cise which may be aresult of the data frequency and the methodol-
ogy. This would suggest a better measure of domestic and foreign
output could be examined as well asamethodology to measure the
long-run impact of the monetary policy innovations.
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ANNEX
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Figure A.1
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Figure A.2

IMPULSE RESPONSE TO ONE STRUCTURAL STANDARD DEVIATION
SHOCK TO DEPRECIATION
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Figure A.2

IMPULSE RESPONSE TO ONE STRUCTURAL STANDARD DEVIATION
SHOCK TO DEPRECIATION
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Table A.1
VAR LAG ORDER SELECTION CRITERIA

Endogenous variables: DLUSRGDP1 DFFR_USA DLUSCPI DLRGDP1 DLCPI
DLEXRATE DJAM_30D DLMB

Exogenous variables: JDX NDX DFC DFC2

Sample: 1994M02-2015M07

Included observations: 244

Lag  Logl LR FPE AlC SC HQ

0 5110.725 NA 1.23¢-28 -41.56332 -40.99001 -41.33242
1 6276.316 2206.981 1.47¢-32 -50.59276 -49.10216 -49.99243
2 6477.609 367.9372 4.80e-33 -51.71811 -49.31022" -50.74835¢
3 6575.525 1725560 3.65¢-33* -51.99611¢ —48.67093 -50.65691

6613.432 64.31846 4.57e-33 -51.78223 -47.53977 -50.07360
6666.286 86.21230 5.08e-33 -51.69087 -46.53111 -49.61281
6708.918 66.74320  6.19¢-33 -51.51572 -45.43867 -49.06822
6769.749  91.24727  6.55e-33 -51.48975 -44.49541 -48.67282
6830.998 87.85702* 6.97¢-33 -51.46720 -43.55557 -48.28083

0 3 O O W~

Notes: *indicates lag order selected by the criterion. LR stands for sequential
modified LR test statistic (each test at 5% level); FPE, for final prediction error; AIC,
for Akaike information criterion; SC, for Schwarz information criterion; and HQ, for
Hannan-Quinn information criterion.
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Impact of International Monetary

Policy in Uruguay: A FAVAR
Approach

Elizabeth Bucacos

Abstract

This study analyzes the Uruguayan economy’s vulnerability to foreign mo-
netary policy in thelast 20 years. Theusualway of assessing monetary policy
transmission effects —such as panel data analysis, correlation analysis and
even case studies— havenot offered much statistically significant evidence for
Uruguayan economic growth. However, being a small open dollarized economy
with a relatively less sophisticated asset market, it seems plausible that Uru-
guay may suffer from international monetary policy shocks. The challenge,
then, is to unveil the channels through which those monetary shocks finally
affect relevant Uruguayan variables.

In this paper, factor augmented vector autoregressive (FAVAR) models are
used in two stages. In the first stage, the impact of foreign monetary policy is
assessed on commodity prices, foreign output, and regional output. In the se-
cond one, theeffects onreal exchangerate, domestic assets (as housing prices)
and on domestic output are analyzed.
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1.INTRODUCTION

n May 22th, 2013, in his testimony to Congress, the chair-

man of the Federal Reserve announced the possibility of a

decreaseinsecurity purchasesfrom 85 billion dollaramonth
to a lower amount. This tapering talk had significant consequences
for economic and financial conditions in emerging markets (EM),
reflected in the movements in EM exchange rates and stock prices
followingthe announcements (Figure 1). Asmanycommentatorsand
analysts point out, not only was the impact sharp but it was surpris-
inglylarge (Eichengreen and Gupta, 2013).

The 2014 Regional Economic Outlook (REO) reports:

Overall, theresults presented so far suggest thatagradualand
orderly normalization of US monetary conditions should af-
fect emerging market bond markets in a relatively moderate
fashion. Localyields have historically tended to respond to US
monetaryshocks, butlessthan one for one. Other news shocks,
whichinclude positive USgrowth surprises, appear to have even
more limited (and possibly benign) effects on emerging mar-
ket bond yields.

It points out that there may be effects, though, in the flow of capi-
tal to EM.!

There are similarities and differences among EM. In particular,
Uruguay is a small open economy still highly dollarized with a rel-
atively poorly developed asset market. It is basically a commodity
producer (mainly beef, wool, and mostrecentlysoybean) Brazil, Ar-
gentina, China, the US, and other EU developed countries being its
main product destinations; on the other hand, Uruguayis a net oil
importer.2 Another important feature of Uruguayan economy s its
service sector which provides 56% of totalincome both from foreign
(especially regional tourism) and internal demand.

According to the simulations reported by the IMF, gross inflows decline
markedly, falling by almost two percent of GDP over six quarters in
response to a 100-basis-point increase in the real Treasury rate. When
controlling for output growth in the US -the counter face of the nor-
malization of US monetary policy—, they found that net capital flows to
emerging markets respond positively to an increase in US GDP growth
despite the associated rise in US interest rates.

? ANCAP (Administracién Nacional de Cemento, Alcohol y Portland) is the
public enterprise that monopolistically imports and refines oil.
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Figure 1

US INTEREST RATES, AND EXCHANGE RATES AND STOCK PRICES
FOR SELECTED EMERGING MARKETS
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Figure 2
URUGUAY: DOLLARIZATION

BANK CREDITS BY THE PRIVATE BANKING SYSTEM
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Figure 3
URUGUAY: DOLLARIZATION
BANK DEPOSITS IN THE PRIVATE BANKING SYSTEM

100 - (as percentage of total deposits)
Foreign currency

30 M Domestic currency

60-
40-

20|

1998
1999
2000
2002
2003
2004
2005
2006
2007
2008
2009

2001
2010
2011
2012
2013
2014

Source: BCU and author’s calculations.

324 E. Bucacos



Figure 4
URUGUAY: PUBLIC SECTOR DOLLARIZATION
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Source: BCU and author’s calculations.

Astylized fact of Uruguayis dollarization. There have beenimpor-
tantattemptstoalleviate this problem, but Uruguayan economystill
remains highly dollarized: almost 80% of total deposits and more
than 50% oftotal creditsin the banking system are foreign currency-
denominated. The main problem, though, is currency mismatches.
Accordingtorecentstudies, 87% of Uruguayan firmsreport to have
liabilities denominated in currencies (mainly US dollars) different
from those of theirincomes (mainly Uruguayan pesos).?

Inaddition, the publicsector (33% of total GDP) is mainly endebted
inforeign currency. Animportant change in the Uruguayan econo-
myinthelastdecadeisthedecreaseinthedollarization of the public
debt*and the increase in the average time for maturity. We expect
that these changes reduce the Uruguayan economy’s vulnerability
to global shocks.

% See Licandro et al. (2014).

* During the 2002 crises, more than 80% of total public debt was denomi-
nated in foreign currency;in 2002Q2-2002Q3, the nominal exchange rate
jumped 16% and public debt denominated in foreign currency over GDP
rose from 70% to more than 150%, but dropped to around 30% ten years
later. It was 37% in 2014Q4.
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Under those circumstances, a tighter monetary policy decided
by the Federal Reserve sounds like bad news for a dollar-indebted
country that does not print dollars. First, arise in the federal funds
rate leads to a rise in market rates through arbitrage, increasing
Uruguay’sdebtburden and worseningits external debt conditions.®
Twelve-year sustained economic growth that began in 2003 may be
put to a hold. Second, a rise in the federal funds rate appreciates
the dollar against other currencies, in particular the Uruguayan
peso. Thislocal currency depreciation mayfuel domesticinflation,
which is already out of the target zone, because many prices of the
consumption basketare updated accordingto the depreciationrate.®
Third, higher inflation may reduce investment projects, which are
needed for growth.

The concern that rising US interest rates could slow or reverse
the flow of capital to emerging markets is somehow mitigated for
the case of Uruguay by the shallowness of its financial market. For
instance, real assetsare the biggest part of ahousehold’s net wealth,
and not only are they intensive in using cash (70%) but also there is
a low and stable use of credit (22%) and debit cards (8%).” As a re-
sult, an observer might wonder the true dimension of the effects of
anew foreign monetary scenario. The challenge, then, is to unveil
the channels through which those foreign (US) monetary shocks
might finally affect Uruguayanrelevant variables. The strategyrests
on using information on past performances to try to figure out the
most probable path.

There hasbeenalotofresearch onthe effects of regional factors on
Uruguayan performance.®Favaro and Sapelli (1989) use VAR models
to quantify theregionallinkages of the Uruguayan economy for the
period 1943-1984 and they find alarge impact of regional variables
especially bilateral real exchange rates. Talvi (1995) calibrates the
importance of Argentina during two exchange-rate-based stabiliza-
tion programsattempted in Uruguay (October 1978 and December

5 Although fixed-rate foreign public debt accounts for almost 90% of total
foreign public debt, it is denominated in US dollars and, in that way, var-
ies according to the exchange rate evolution.

® Aone-timeadjustmentinrelative prices does not necessarylead toinflation,
but it may put inflationary pressures into action because other relevant
economic variables are CPI-indexed.

7 See Lluberas and Odriozola (2014) and Lluberas and Saldain (2015).

Sosa (2010) presents a detailed review of the related literature.
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1990, respectively) through an intertemporal optimization model
withbothtradable andregional goods. Bergaraetal. (1994) develop
amodelstemmingfrom the oneswith Dutch diseaseandabooming
sector and incorporate a regional tradable sector in order to anal-
ize the effects of a regional demand shock and a shock to external
capital inflows on Uruguayan performance. Masoller (1998) uses
anear-VAR model to study the mechanisms of transmissions of re-
gional shocks in Uruguay. Bevilaqua, Catena and Talvi (2001) con-
centrate on trade linkages, formalize the concept of regional goods
and analyze the vulnerability of Argentina, Paraguay and Uruguay
to real devaluations in Brazil. Kamil and Lorenzo (1998) study the
correlation between the Uruguayan business cycle and the cyclical
component of some keyregional macroeconomicvariables, finding
thatthe Uruguayan business cycleis stronglyinfluenced by regional
factors. Voekler (2004) studies how regional shocks affect sectoral
Uruguayan output, finding that the mostimportant causes of fluctu-
ations atthe sectorallevel are shocks to outputand relative pricesin
theregion-withshocksfrom Argentinahavingthelargestimpact.In
thesameline, Eble (2006) finds that Uruguay’s exposure toregional
shocks hasadverselyaffected growthinrecent decades. Sosa (2010)
examines the role played by regional factors in Uruguay, identifies
the sources and transmission mechanisms of shocks stemming from
theregion and assesseshowvulnerable Uruguayistoapotential crisis
intheregion. HeusesaVARmodel with block exogeneityrestrictions
and finds that shocks from Argentina ~which account for about 20
% of Uruguayan output fluctuations— have large and rapid effects.
Sosa points out that this is mainly due to the existence of idiosyn-
craticrealand financiallinkages between Uruguay and Argentina,
whichalso explain the very high correlation between their business
cycles. Morerecently, the IMF (2014) report on Uruguay establishes:

The response of Uruguay’s local currency bond yields to the

changein Usyieldswas 1.7, inline with the LA average but low-

er than the betas of Colombian, Brazilian, and Peruvian local

currencybonds (whichwere closerto 2.5). Similarly, the beta of

Uruguay’s long-term foreign currency bond yields to US yields

was 1.4, inlinewith Colombiaand Mexico, butlowerthanthebe-

tas of Brazil, Chile and Peru. Thus, asin other EMs, Uruguayan

yields moved more than one-for-one with US bond yields in the

aftermath of the taperingannouncement, although theincrease

in Uruguayanyields was at the moderate end of LAb reactions.
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Nevertheless, theimpact onrealactivity ofastronger USrecovery
accompanied by anincrease in EM risk premiums would moderate-
ly dampen growth in Uruguay through financial channels, accord-
ing to the IMF.

In this paper, factor-augmented vector autoregressive (FAVAR)
modelsare used for the first time with Uruguayan datain two stages.
In the first stage, the impact of foreign monetary policy is assessed
on commodity prices, foreign output and regional output. In the
second, the effects on real exchange rate, domestic assets (as hous-
ing prices) and domestic output are analyzed.

Aninteresting alternative to the FAVAR approachis the global VAR
(GVAR) modelintroduced by Dees etal. (2007) and recently applied
to Uruguayan data by Noya et al. (2015). The GVAR incorporates an
explicit modelfor each countrywhich arelinked byaset of observed
and unobserved international factors. In this way, the GVAR is par-
ticularly convenient when shocks come from very specific foreign
countriesinstead of “therest of the world.” Asargued by Mumtazand
Surico (2008), the FAVAR approach is particularly convenient when
one of the main goals is to analyze the response of a large number
of home variables.

The rest of the paper is organized as follows. Section 2 develops
the priorresearch.Section 3 describes the datasetand explains the
wayitisused.Section 4 presents the results. Section 5 performs some
robustness tests and, finally, Section 6 concludes.

2. PRIOR RESEARCH

There is a vast empirical literature on the international transmis-
sion of monetary and nonmonetary shocks using small-scale struc-
tural VAR. The main purpose of structural VAR (SVAR) estimation is
to obtain non-recursive orthogonalization of the error terms forim-
pulse-response analysis. This alternative to the recursive Choleski
orthogonalizationrequiresthe usertoimpose enoughrestrictionsto
identifythe orthogonal (structural) components of the error terms.

Severalresearchershave proposed alternative identification struc-
tures including, among others, the recursive schemes in Grilli and
Roubini (1995), Eichenbaum and Evans (1995), and Faust and Rog-
ers (2003); the nonrecursive schemes in Cushman and Zha (1997),
Kimand Roubini (2000), and Kim (2001); and the sign restrictionsin
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Canova (2005) and Scholland Uhlig (2005). All of them employarela-
tivelysmallnumber of variables (aVARwith 14 variables) and have dif-
ficulttosolvelong-lasting puzzlesininternational macroeconomics,’
simultaneously. Mumtaz and Surico (2009) use a wider informa-
tion setin order to achieve a better understanding of international
transmission of shocks and to get new evidence to solve those long-
lasting puzzles.

This section proposes a factor-augmented vector autoregress-
sive (FAVAR) model to assess the impact of a foreign monetary shock
on relevant Uruguayan economic variables. The model resembles
Bernanke, Boivinand Eliasz (2005), Mumtaz and Surico (2009) and
Fukawa (2012).

2.1 The FAVAR Model

Structural factor models rest on the idea that alarge number of ob-
servable economic variables can be described by a relatively small
number of unobserved factors. These factors, in turn, can be af-
fected by afew shocks which can be understood as macroeconomic
disturbances.

Consider nobserved stationaryvariables. Let usassume that each
stationaryvariable of ourmacroeconomicdataset x, iscomposed of
two mutually orthogonal unobservable components, the common
component X; and the idiosyncratic component &, :

= +
n xit Z it éit :

The idiosyncratic components arise from shocks that affecta
specific variable or a small group of variables and may reflect sec-
tor specific variations, variations to foreign countries or measure-
ment errors. These components can be weakly correlated across
variables but common and idiosyncratic components are orthogo-
nal for each variable.

The common componentsare the onesresponsible for most of the
co-movements between macroeconomicvariablesand are represent-
edbyalinear combination of arelatively smallnumber (r << n) ofun-
observed factors (these arealso called static factors in the literature):

? Delayed exchange-rate overshooting and forward discount puzzles.
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The optimal number of factors can be determined by several sta-
tistical tests, such as Bai and Ng (2002) and Onatski (2010) or Ve-
licer’s (1976)." Although factors do not need to have an economic
meaning and their main purpose is to summarize the information
content of the observed variables, sometimesitis possible tofind an
economic interpretation for the first few factors. When allowing a
VAR modelforvectorf, components, dynamicrelationsamong mac-
roeconomic variables arise:

=D f +Dyf y+..+D,f_, +&,

g, = Ru,,

where Risan rxq matrixand u, = (uh Uy, ...uql) isa g-dimensional
vector of orthonormal white noises, with ¢ <r.Such white noises
are the common or primitive shocks or dynamic factors (whereas the
entries of f, are the static factors). Observe that, if g <r, the residu-
als of the above VAR relation have a singular variance covariance
matrix. From Equations 1 to 3 it is seen that the variables them-
selves can be written in the dynamic form x, =b,(L)u, +&,, where
b(L)=a,(I-DL-..-D,I') R.

Thedynamicfactors u, and b;(L) are assumed to be structural mac-
roeconomicshocksandimpulse-response functions, respectively.”

i’

Vector autoregressive (VAR) models are very useful in handling
multiequation time-series models because the econometrician does
notalways knowifthe time path ofaseries designated to be the inde-
pendent variable hasbeenunaffected by the time path of the dependent
variables. The most basic form ofaVAR treatsall variables symmetri-
callywithout analyzing the issue of independence.

The first two tests are used when principal components analysis (PCA)
are applied to estimate the factors while the latter is used when factors
analysis (FA) is applied. In PCA, it is assumed that all variability in an item
should be used in the analysis while in FA only the variability that the item
has in common with the other items is used. PCA is preferred as a method
for data reduction while FA is often preferred when the goal is to detect
structure. See discussion section.

They are called dynamic factor models.

330 E. Bucacos



4
5] 0,=Y>. A0, +u’.
i=1

Nevertheless, thereare some tools-suchas Granger causality, im-
pulse-response analysisand variance decomposition-that canshed
somelight onthe understanding of theirrelation and guidance into
the formulation of more structured models.

Factor-augmented VAR (FAVAR) models combine factor models
and VAR models at the same time:

n [EJ:|:¢H(L) ¢12(L):|[Fz1j+ ulF
Ot ¢21 (L) ¢22 (L) 0;-1 uto '

where O, is the (Mxl) vector of observable variables and F, is the
(kx1) vector of unobserved factors that captures additional eco-
nomicinformationrelevantto model the dynamics of O,. Unobserved
factors are extracted from the informational time series included
inthedataset. The number of the informational time seriesislarge
and must be greater than the number of factors (r) and observed
variables in the FAVAR system.

Letusassume that the informational time series X,are related to
the unobservable factors F, by the following observation equation:

X, =AF +A°0, +e,,

where F, isa (k>< 1) vector of common factors,'? A isa (N>< k) ma-
trix of factor loadings, A° is (NXM) ,and ¢, are mean zero and
normal, and assumes a small cross-correlation, which vanishes as
N goes to infinity.

2.2 The Empirical Model

The FAVAR approach developed by Bernanke et al. (2005) was ex-
tended to the open economy by Mumtaz and Surico (2009) in order
tomodel theinteraction between the UK economyand therest ofthe
world, which they call the foreign block. They occupy a large panel
of data covering 17 industrialized countries and around 600 price,

2" Unobservable factors in FAVAR do not have exact meanings. The Forni
and Gambetti (2010) model is different from FAVAR in that they tried to
give the factors themselves a structural interpretation.
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activity, and money indicators. They have only one observable vari-
able, though, the UKshort-term interestrate. In our model, however,
there are six domestic observable variables because our main goal
isto investigate domestic transmission channels of a foreign shock,
in particular, US monetary shock.

The model presented here consists of three blocks: The foreign
observable variables, O[* ;theinformation about the industrialized
world, the relevant region and the Uruguayan economy, which is
summarized in k£ unobserved factors, F,; and the domestic observ-
able variables, O,. As aresult, the dynamic system moves according
to the following transition equation:

# #

@)

t t-1

O,
8 F |=B(L) F., |+u
0

1

S

-1

where B(L) is a comformable lag polynomial of finite order p,
and u, =Q"?¢, with the structural disturbances ¢ ~ N(0,1) and
Q=4,(4,).

The unobserved factors are estimated by maximum likelihood
and the optimum number of factors is determined using Velicer’s
minimum average parcial (MAP) method, and startingvalues for the
communualities” are taken from the squared multiple correlations
(SMC). Other authors consistently estimate the unobserved factors
by the first r principal components of X (Stock and Watson, 2002).
Forthisresult to hold, itisimportant that the estimated number of
factors, k, islarger than or equal to the true number, ». Because N is
sufficiently large, the factors are estimated precisely enough to be
treated as datain subsequent regressions."

The estimated loadings and factors are not unique; that is to say,
there maybe othersthatidenticallyfitthe observed covariance struc-
ture. This observation lies behind the notion of factor rotation, in
which transformation matricesare applied to the originalfactorsand
loadings in the hope of obtaining a simpler and easier-to-interpret

¥ Communualities are the common portion of the variance of the variable.
See EViews 9 Reference Manual.

" See Fukawa (2010).
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factor structure. I apply an orthogonal rotation implying that the
rotated factors are orthogonal.

Inthesecondstep, I estimate the FAVAR equation, replacing F;with
F.Asaresult, the response of any observable variable to ashockin
the transition Equation 8 can be traced out applying the factorload-
ings and Equation 7.

2.3 Discussion

Several criticisms of the VARapproach to policy shockidentification
focus on the small amount of information used by low-dimensional
VAR. To conserve degrees of freedom, standard VAR rarely employ
more than 10 variables, even though this small number of variables
is unlikely to span the information sets actually used by the policy-
maker. Using low-dimensional VAR means that the measurement of
policyinnovation islikely to be contaminated.

Factor-augmented VAR (FAVAR) models initiated by Bernanke et
al. (2005) are a mixture of a factor model and a VAR model. The fac-
tors can provide an exhaustive summary ofthe informationinlarge
datasets,and in thissense theyare precioustoalleviate omitted vari-
able problemsin empiricalanalysisusingtraditional small-scale mod-
els (see Bernanke and Boivin, 2001). In fact, Bernanke and Boivin
(2001) and Bernanke etal. (2005) proposed exploitingfactorsin the
estimation of VAR to generate amore general specification. Chudik
and Pesaran (2007, 2011) illustrate how a VAR augmented by factor
could helpin keepingthe number of parametersto be estimated un-
der control without loosing relevant information.

Factormodelsimpose a considerable amount of structure on the
data, implying restricted VAR relations among variables (see Stock
and Watson, 2005, foracomprehensive analysis). In thissense, factor
models are less general than VAR models. On the other hand, factor
models, being more parsimonious, can modelalarger amount ofin-
formation. Theabilityto modelalarge number of variables without
requiring a huge number of theory-based identifyingrestrictionsis
aremarkable feature of structural factor models. If economic agents
base their decisions on all of the available macroeconomic informa-
tion, structural shocks should be innovationswithrespecttoalarge
information set, which can hardly be included in a VAR model.

The estimation of FAVAR modelsisusually done following a two-step
procedureinwhich the factors are found firstand then the co-move-
ments among the observed variables and the factors are analyzed.
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Some authors suggest extracting factors by the first of principal
components of the series involved, such as Bernanke et al. (2005)
and Boivin and Giannoni (2008), among others. There are otherre-
searchers that prefer to apply amaximum-likelihood method in the
firststep. Results given by principal components analysis (PCA) and
factor analysis (FA) are verysimilar in mostsituations, but thisis not
always the case, and there are some problems where the results are
significantly different.

Both PCAand FA create variables that are linear combinations of
the originalvariables. But different from PCA, FAisa correlation-fo-
cused approach seeking toreproduce the inter-correlations among
variables, in which the factors “represent the common variance of
variables, excluding uniquevariance.” Interms of the correlation ma-
trix, this correspondswith focusing on explaining the off-diagonal
terms (i.e., shared covariance), while PCAfocuses on explaining the
termsthatare onthe diagonal. However, asasideresult, when trying
to reproduce the on-diagonal terms, PCA also tends to fit relatively
well the off-diagonal correlations. PCA results in principal compo-
nents that account for a maximal amount of variance for observed
variables; FA accounts for common variance in the data. Thatis one
ofthereasonswhyFAis generallyused when the research purposeis
to detect data structure (i.e., latent constructs or factors) or causal
modeling while PCA is generally preferred for purposes of data re-
duction (i.e., translating variable space into optimal factor space)
but not when the goal is to detect the latent factors.

Animportantdrawback of FA, however, refers toits heuristic anal-
ysis of factors, because more than one interpretation can be made
from examining the same data factored in the same way.

3. DATA

3.1 Policy Rate

The effective federal funds rate has been the measure for the Fed-
eral Reserve’s monetary policy stance in the economic literature
and has been used as the link between monetary policy and the
economy. Butsince the end of 2008, the effective federal funds rate
has been at the zero lower bound (ZLB), damping its historical cor-
relation with economic variables like real gross domestic product

334 E. Bucacos



(GDP), the unemployment rate, and inflation. To provide a further
boosttothe economy, the Federal Open Market Committee (FOMC)
has embarked on unconventional forms of monetary policy (a mix
of forward guidance and large-scale asset purchases) since then."”
Attempts tosummarize current policy have led some researchers to
create a virtual federal funds rate. Specifically, Wu and Xia (2014)
construct a new policy rate “by splicing together the effective fed-
eral funds rate before 2009 and the estimated (by them) shadow rate
since 2009. This combination makes the best use of both series” (p.
11). On the other hand, Bauer and Rudebusch (2015) write:

Thesensitivity of estimated shadow shortratesraisesawarning

flag about their use asameasure of monetary policy, asin Ichi-

ue and Ueno (2013) and Wu and Xia (2014). Our findings show

thatsuch estimatesare notrobustand stronglysuggest that their

use as indicators of monetary policy at the ZLB is problematic.

More promising approaches have recently been suggested by

Lombardiand Zhu (2014), who infer ashadow shortrate thatis

consistent with other observed indicators of monetary policy

and financial conditions, and Krippner (2015), who considers

the area between shadow rates and their long-term level.

Although there is still no consensus regarding which variable to
use for monetary policy analysis, itis clear that the effective federal
funds rate does not seem very appealing for it was not an accurate
reflection of the monetary policy decisions taken by the Federal Re-
serve during the ZLB period when the effective federal funds rate
did not move. But as shadow interest rates are unobserved, there is
no absolute certainty about their estimated values and they differ
greatlyamong different researchers. As aresult, in this study I per-
fom asensitivityanalysis and I alternatively use the effective federal
funds rate (FFR) and the Wu-Xia virtual funds rate (FFR_im), both
inreal terms.

3.2 Description of the Data

X, consists of 36 quarterlymacroeconomic time series.'* All of them
areexpressedinrealtermsandinloglevels (exceptratiosand interest

% For a detailed list see Engen et al. (2015).
16 Although the literature advises handling a larger number of time series,

data availability was binding in this study.
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rates) and whenever necessary, series are transformed in order to
leave them stationary.” The data span the period from 1995Q2 to
2014Q4." Federal funds rate (FFR); 10-year bond rate (710); real
exchange rate (rer); domestic passive interest rate (i_p); Uruguayan
country-risk (UBI); domestic output (y);and housing prices (p_k)are
the observablevariables O,. The informational variablesalsoinclude
several commodity prices (wheat, soybean, food, oil); foreign out-
put (from Argentina, Brazil, USA, China, UK, Italy, Spain, Germany,
Mexico); USdebt-to-GDP ratio, domestic investmentratio (total, pub-
lic and private), trade (exports and imports), real domestic wages,
unemployment, public debt-to-GDP ratio (total, foreign, domestic,
in foreign currency, in domestic currency), public assets-to-GDP ra-
tio, total public sectorincome, and total public sector expenditures
including interests.

3.3 Model Specification

I first estimate a baseline VAR model on eight variables of interest:
Federalfundsrateinrealterms (FFR)); 10-yearbond rateinreal terms
(T10);real exchange rate (rer); domestic passive interest rate (;_p)in
real terms; Uruguayan country-risk ratio (UBI);real domestic output
(y);housing prices (p_h)"?inreal terms, and the publicsector balance
(pb) in real terms. In order to assess the impact of foreign monetary
policy changes, I propose the following transmission mechanism. If
wesupposethatthe Federal Reserve decidestochangeitsrate (FFR), it
willaffect other marketrates bothforeign and domestically through
arbitrage (T10and i_p) and willdetermine changesin domestic real
exchange rate (rer), affecting domestic real output (y), domestic as-
set prices (p_hk)and public sector balance (pb):

4
n 0, = ZAiOt—i +uf),
o1

where O, = (FFR”,T]Ot,ren,UBIt,iM,pht,yt,pbt ) The information cri-

teriaselect three lags for the VAR model, which satisfies the stability

17 Standard unit root tests (augmented Dickey-Fuller and KPSS) show that all
variables are stationary in first differences, except for the interest rates;
deseasonalization techniques were applied when necessary.

'8 China GDP is available only since 1995Q2.

This will be the ordering that will be used afterwards when performing

impulse-response analysis.
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condition. Theresults show thata contractionary foreign monetary
policy (aone-timerise of FFR) has no clear effects on Uruguayanreal
output, nor housing prices or fiscal accounts (see Figure 5, graphs
7,6 and 8, respectively).

Then, I explore the possibility of the existence of other unob-
served variables that may influence the behavior of the observable
ones. Thesevariables mayresumevaluable information and be part
ofamore global transmission mechanism thatisnotvery easyto de-
scribe at first sight. It seems plausible to try to find a few factors that
could act as vehicles once the foreign monetary shock takes place.
Next, I consider the extension of the baseline VAR model:

"
* % o

0 ¢11<L) ¢12(L) (Dls(L) Oz'—l u’

m F =] ¢ (L) ¢po(L) Dos(L) || £ |+ utF >
0] |0u(D) ®u(t) )] 0] | w0

where O] =(FFR,,T10,),0,=(rer,, UBL i, .5, bb, Jand F, = (F, . Fy,, F, )
are the factors estimated in the first part by maximum likelihood.
Fourlagsareused, based on information criteria (SIC) and stability
considerations.

4. RESULTS

4.1 Estimation

Iestimate the modelapplyingatwo-step procedure. In thefirststep, the
unobserved factors and their corresponding loadings are estimated
bymaximum likelihood.Inthesecondstep, Isubstitute the estimated
factorsintoaVAR specification and estimate the FAVAR model by OLS.

The whole available data set is used in order to estimate the fac-
tors. Nevertheless, following measures of sampling adequacy (MSA)
and goodness-of-fit criteria, several time seriesare dropped out of the
dataset. Ineffect, onlytime serieswhose MSAvaluesare greater orvery
close to Kaiser’s MSA* remain. The final data set has a Kaiser’s MSA

2 MSA is an “index of factorial simplicity” that lies between 0 and 1 and
indicates the degree to which the data are suitable for common factor
analysis. Values for the MSA above 0.90 are deemed marvelous; values in
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Figure 5

IMPULSE-RESPONSE FUNCTIONS, BASELINE VAR
(5,000 MONTE CARLO REPLICATIONS)
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and stock prices.
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Figure 5 (cont.)

IMPULSE-RESPONSE FUNCTIONS, BASELINE VAR
(5,000 MONTE CARLO REPLICATIONS)

RESPONSE TO CHOLESKY ONE S.D. INNOVATIONS * 2 S.E.
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value of 0.79 which can be labled between middling and meritorious
for common factor analysis. I take the decision to keep Argentine
and Brazilian real output and wheat price, even though they have
indicators abit lower than 0.79 because there isa trade-off between
alabeling of almost middling and the actual importance of those
variables in domestic dynamics. It must be taken into account that
the final data set had to be shortened a great deal* in order to have
abalanced panel of time series.

Velicer’s MAP method has retained three factors, labeled F1, F2
and F3. A brief examination of the rotated loadings indicates that
commodity prices (food, wheat and soybean) and real wagesload on
the first factor, while foreign real output (from the USA, Germany,
Spain, the United Kingdom, Italy, and probably Mexico) and Amer-
ican debt load on the second factor, and oil price and arelevant re-
gional foreign real output (Argentina, Brazil and China) load on
the third factor. Therefore it is reasonable to label the first factor as
ameasure of commodity prices, the second factoras anindicator of
foreign demand from developed countries and the third factor as
anaggregate variable for the regional demand.*

4.2 Identification of Structural Shocks

The dynamics of the variablesin the system depend on the structure
imposed on the factorloadings. Assuch, I propose different identi-
fication schemes in order to ponder the sensitivity of the responses
whenaspecificunanticipated®risein the foreigninterestrate occurs:
arecursive identification scheme (Choleski) and anon-recursive one.

In the recursive scheme, the impact matrix Ayis lower triangular,
implying that both US monetary policy and foreign variables do not
respond to Uruguayan performance measured by real output, for
instance contemporaneously. On the other hand, the Uruguayan
economy reacts in the same period to changes occurred in the rest
of the world, in the relevant region and in the variables that act as

the 0.80s are meritorious; values in the 0.70s are middling; values the 0.60s
are mediocre, values in the 0.50s are miserable, and all others are unacceptable
(Kaiser and Rice, 1974).

# It spans from 1980Q1 to 2014Q4, originally.

#2 Recall, again, that some authors do not give factors an economic inter-
pretation, rather a statistical one.

USmonetary policy normalization can be regarded as unanticipated because
its precise timing of occurrence is unknown.
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linkages between them:

Up, x 0 00 0O0O0O0O0O0O0 R,
Uy, X 00 0 00 0 0 0 0,
Upy, X X 00 0 0 0 0 0 0} ér
Upy, x x x x 0000000 Cro,
Ups, x x x x x 0 0 0 0 0 0} ¢rs,
U, |=|x x x x x x 0 0 0 0 0] & |,
Uy, x x x x x x x 0 0 0 0} s,
U, X x x x x x x x 00 0] ¢,
Uy, X X X x x X x x x 0 0] e e
u, X X X X X X X x x x 0 e,
u, XXX X XX XX XX X e,

where x stands for freely estimated parameters.
In the non-recursive scheme, the restrictions imposed* are:

Up, x 00 0 0 0 0 0 0 0 0) ¢
Ui, X 00 0 0 0 0 0 0 0] eérno,
Upy 0 x x 0 0 0 0 0 0 0 0] €,
Ups, x x 0 x 0 0 0 0 0 0 Off ér
Ups, x x x 0 x 0 0 0 0 0 0} ¢rs,
Uy =[x 0 x 0 0 x x 0 0 0 Of 6w |,
Uypy, 0 00 x 0 x 0 0 0 Ofus,
U;, 0 x x x 0 x x x 00 0] 6,
Uy, x x x x 0 x x x x 00 e,
u, 0 x x 0 0 0 x 0 x 0 e,
Uy, 00 0O0O0O0O0O0O0O0 x ey,

whichimplydifferent reactions of unobserved factorsto foreigninter-
estrates. Mumtaz and Surico (2009) identify the unobserved factors
through the upper N x38 block of the matrix A which is assumed
to be block diagonal. Here, I impose zero restrictions on some of

# In fact, they come after an optimization procedure applied on the data
itself, that is, I tested for statistical significance of the contemporanoues
effects from the Choleski factorization.
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the factor loadings. In effect, commodity prices do not seem to re-
act to contemporaneous movements of the federal funds rate but to
changes in the ten-year bond rate within the period, while foreign
demands both from the developed countries (/,) and the relevant
region (F;) react to unanticipated changes in both foreign interest
rates. There isno contemporaneous response of domestic output to
a I'FR, change because real activityseems to react through aspecific
pattern: Those three unobserved factors canalize the initial change
in US monetary policy instruments, affecting domestic interest rate
directlyand throughreal exchange rate and country-risk, and finally
reaching domestic output. Onlyreal exchange rate and countryrisk
influence each other within the same period, besides USinterestrate
and commodity prices. Country risk varies contemporanously with
10-year bond interest rate and the relevant region demand (F;). Do-
mesticinterestrate does notrespond to FFRcontemporaneously but
to other unanticipated innovations coming from the ten-year bond
rate, commodity prices, developed countries’ demand, real exchange
rateand country-risk changes. The asset prices considered here (hous-
ing prices) are percieved asanothertype of financialinvestment, and
thus they react contemporaneously to innovations stemming from
foreign interest rates, commodity prices, developed-countries de-
mand, real exchange rate, domestic interest rate and country risk.
Finally, the domesticfiscal balance doesnot seem toreact to changes
inanyofthevariables considered that take place in the same period.

4.3 Impulse-response Analysis

Oncethebaseline modelis expanded into a FAVAR model, the dynam-
ics seem more plausible because an unambiguous response of all the
observed variablesis reached, especially for domestic output. There
is a clear and statistically significant impact effect but the following
resultsare uncertain (Figure 6).

Under the recursive shock identification scheme, an increase of
one standard deviation of FFR (2.3 or 230 basis points) reduces quar-
terly output growth by 0.40% on impact but as confidence intervals
grow rather fast as time goes by, forecasts are not credible® (see Fig-

o
St

Inimpulse-response exercises, responsesare determined from the estimated
process parameters and are therefore also estimates. Generally, estimation
uncertainty is visualized by plotting together confidence intervals with
impulse-response coefficients (see Luetkepohl, 2011). If the confidence
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Figure 6
FAVAR: IMPULSE-RESPONSE FUNCTION FOR D(Y)
(10, 000 Monte Carlo replications)
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ures 6 to 12). Under the non-recursive shock identification scheme,
anincrease of one standard deviation of FFR (2.3 or 230 basis points)
reduces quarterly output growth by 0.31% on impact but, again, as
confidenceintervals growrather fast as time goes by, itis not possible
to have credible forecasts. The responses of the variables when anon-
recursiveidentification of structuralshocksisapplied are pretty simi-
lartothe onesdescribedin Figures6to 12. The only differenceisthat
theyalways have asmallervalue. Thatistosay, their dynamic pathsare
the same but the actual responses are a bit lower®.

There seems to be four channels through which a one-time rise in
FFR affects real output in Uruguay. These are: the commodity price
channel (Figure 7); the aggregate demand channel (OECD countries
andrelevantregion, Figures 8and 9);and the assets channel (exchange
rate and housing prices, Figures 10 and 11). They can be outlined by
analyzing the following IRFs.

interval crosses the horizontal axis, however, the forecast can either be
positive or negative with the same probability and therefore the estimate
does not add any useful information. That is why I employ the expression
“credible forecasts”.

% The results are available upon request.
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Figure 7
FAVAR: IMPULSE-RESPONSE FUNCTION FOR F1
(10,000 Monte Carlo replications)

0.04 1
0.03
0.02
0.01

0.00

-0.01 A
-0.02
-0.03 1

_0~04 T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10

Source: BCU and author’s calculations.

Once FFR rises, arbitrage makes market interest rates rise and
some financial assetsbecome interestingand commodities become
less attractive as financial investments. Figure 7 plots the evolution
of FI factor (labeled commodity pricesfactor). Onlyasignificant nega-
tive impact can be seen in response of a one-time rise in FFR in real
terms. Afterwards, thereis greatuncertaintyand nothing can be said.

Then, thedemand channelappears. Developed countries’output
declines, responding to the FFR rise and the decline in commodity
prices. This can be seen in Figure 8, where factor F2 significantly
dropsonimpact. The effect coming from the so-called regionis not
so clear. In essence, in Figure 9 no statistically significant response
isreported. That may arise from the way the F3 factoris composed,
thatis, relevantregional output (Argentina, Brazil,and Chinawhich,
except for China, havelimited linkages to the United*) and oil price.
Foreign monetary policy transmission is usually done through chang-
esinasset prices and capital flows. Atightening in foreign monetary

?” Thereare modest trade linkages between Uruguay and the United States
(only four percent of Uruguay’s exports are destined for the United
States). Indirect trade linkages are also limited: Almost 30 % of total
Uruguayan exports go to Brazil and Argentina—which also have limited
trade linkages with the United States.
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Figure 8
FAVAR: IMPULSE-RESPONSE FUNCTION FOR F2
(10,000 Monte Carlo replications)
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Figure 9
FAVAR: IMPULSE-RESPONSE FUNCTION FOR F3
(10,000 Monte Carlo replications)
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Figure 10
FAVAR: IRF FOR D(RER)
(10,000 Monte Carlo replications)
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Figure 11
FAVAR: IRF FOR D(P_HOUSE)
(10,000 Monte Carlo replications)

0.08
0.06
0.04
0.02 1

0.00
Z0.02 - \/
-0.04 A

-0.06 +
-0.08 T T T T T T

1 2 3 4 5 6 7

Source: BCU and author’s calculations.

346 E. Bucacos



Figure 12
FAVAR: IRF FOR D(PB)
(10,000 Monte Carlo replications)
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policy usually leads to a depreciation of local currency as a conse-
quence of the greater attractiveness of foreign currency-denominat-
ed assets and capital mobility (interest rate parity), which will lead
to alocal capital exit which in turn will affect financial asset prices
(see Figures 10 and 11).

Finally, the assets channel points to a decrease in housing pric-
es once FFRrises. As inflation had been present in the Uruguayan
economy for avery long time,* economic agents in a shallow finan-
cialmarketsought hedge in otherassetssuch ashousing investment.
It can be seenthatanincrease in FFR (in real terms) lowers housing
prices (in real terms) because they lose relative value as an invest-
ment. Figure 11 shows asignificant effect until the second period.

The effect of a US monetary policy change on Uruguayan fiscal
accountsisambiguous, becauseits primarybalance could either be
0.76% better or 1.05% worse onimpact. Thissituation is never solved
and the final outcome is inconclusive.

Ontheonehand, afallin domestic output willdragincome taxes
down, increasing the fiscal deficit; on the other hand, domestic cur-
rencydepreciation may playadualrole. It willincrease debt payments

# Although several attempts to eliminate its negative effects had failed, until
a successful stabilization plan was implemented in the 1990s.
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Figure 13
THE HISTORICAL DECOMPOSITION OF THE URUGUAYAN OUTPUT
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andimported goods purchases, which willincrease the fiscal deficit
andwillalsoreduce domestic expensesinreal terms through higher
inflation, which will reduce the fiscal deficitin real terms. Thus, the
final resultis ambiguous.

4.4 Variance Decomposition Analysis

While IRF constitute a practical waytoidentify the dynamicresponses
of the Uruguayan economy to external monetary shocks, illustrat-
ing how growth in Uruguay has tended to react to different shocks,
variance decomposition, in turn, provides a quantification of the
relative importance of those variables as sources of shocks affect-
ing outputfluctuationsin Uruguay. Thusly, around 9% of domestic
output fluctuations in the first period can be explained by foreign
interestrates® (both FFRand T10) and 6% by commodity prices (F;).
Astime passes, therelativeimportance of foreign interest ratesand
regional demand are almost the same.*

The historical decomposition of the Uruguayan output growth

2 Recall that the impulse came from a rise in FFR.
% Recall that Choleski’s ordering is: FFR, T10, F1, F2, F3, rer, UBL, i_p, ,
p_h, v, pb. Results are available upon request.
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rate shows that USmonetary policyshocks have had arelativelyimpor-
tant impact on Uruguayan domestic output performance both dur-
ingrecession and during economicbooms. The estimated time series
D(y_FFRshock) plotswhat would have happened if only USmonetary
policy shocks had driven the data.

4.5 Robustness

The previous results are robust to different orderings of the shocks,
beginningalways by FFR. There is aslight change in the results, how-
ever, when country-specific risk (measured by UBI) is handled either
asan exogenous or an endogenousvariable. I prefer to considerit en-
dogenousbecauseitcanbeargued that countryrisk maybeinfluenced
byreal output performance whichin turnisaffected by foreign mon-
etary policy.” When country-specific risk is treated as exogenous, an
increase of one standard deviation of FFR (230 basis points) reduces
quarterly output growth by 0.49% onimpactbut growing confidence
intervals render future outcomes uncertain.

Impulse-response analysisis done on the FAVAR estimated equation
usingasimple recursive framework (Choleski decomposition) toiden-
tify structural shocks. Sensitivity analysis is performed by changing
the ordering of the variables, and the mainresultsremain unchanged.

Then, Iproceed tosubstitute the effective federal fundsrate (FFR)
with the Wu-Xia virtual effective federal funds rate (FFR _im)in the
FAVAR estimation. I perform impulse-response analysisand all the dy-
namicsdescribed before arefound again. Inthe newscenario, howev-
er, thereismoreuncertainty. Specifically,anincreasein one standard
deviation of FFR _im (289 basis points) could make quarterly output
growth either rise 0.34% or drop 0.60%), with a mean value of —0.14.

* Changes in international real interest rates constitute an important factor
driving portfolio capital inflows to Latin America, thus influencing busi-
ness cycles across the region (Calvo, Leiderman, and Reinhart, 1993, and
Calvo, Fernandez Arias, Reinhart, and Talvi, 2001). Low interest rates in
mature markets may lead investors there to seek higher returns in other
markets, increasing the demand for emerging marketassets. Not only does
external financing become more abundant for emerging markets, but
also the cost of borrowing declines as a consequence of the lower interest
rates in the USA. In fact, Fernandez Arias (1996) shows that country-risk
premia in emerging markets is indeed affected by international interest
rates, amplifying the interest rate cycles in mature markets (Sosa, 2012).
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Talso applied block restrictions on the FAVAR equation®in order
to prevent feedbacks from the observed domestic variables to the
foreign interest rate and the unobserved factors blocks:

% % O*
0, $,(L) 0 0 (o, |«
E = ¢21(L) ¢22(L) 0 E_l + ”,F 5
0) o, o, o0, ) |0

where Oz = (TeTt ’UBIt’ipt’pht’yz’pbt) ’ E = (EHFQN Sz) , are the factors
estimated in thefirst part. Again, the unanticipated monetary policy
shock affects the real economy by the same channels found in pre-
vious exercises in this study regardless of the foreign interest rate
used (see Figures A.1 and B.1 in Annex 2). However, when FFR _im
isused as the Federal Reserve’s monetary policy stance, the effects

on domestic variables are relatively sharper.

5. CONCLUSION

Theaim of thisstudyistoanalyze the vulnerability of the Uruguayan
economy to changes in US monetary policy by describing its linkag-
eswith otherrelevant variablesin the last 20 years. The usual way of
assessing monetary policy transmission effects —such as panel data
analysis, correlation analysis and even case studies— have not of-
fered much statistically significant evidence for Uruguay. However
itseems plausible that Uruguay, asasmall open dollarized economy
witharelativelylesssophisticated assets market, may suffer fromin-
ternational monetary policy shocks. The challenge, then, is to un-
veilthe channels through which those shocks finally affect relevant
Uruguayan variables.

Afactor-augmented vector autoregressive (FAVAR) modelisimple-
mented for the first time on a quarterly balanced Uruguayan data
set that span from 1996Q2 to 2014Q4.* This approach is preferred
toatraditional VAR because FAVAR models, beinga mixture of factor

2 A three-lag FAVAR with block restrictions was estimated as a seemingly
unrelated regression (SUR).
* Sample adjusted for lagged variables.
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modelsand VAR models, enable the researcher toincorporate more
information withoutadding morevariables and allow abetteriden-
tification of structural shocks. In this paper, FAVAR models are used
intwostages. Inthe firststage, theimpact of foreign monetary policy
is assessed on commodity prices, foreign output and regional out-
put. Inthesecondstage, the effects onreal exchange rate, domestic
assets (as housing prices) and domestic output are analyzed.

While IRF constitute a practical way to identify the dynamic re-
sponses of the Uruguayan economy to external monetary shocks,
illustrating how growth in Uruguay has tended toreact to different
shocks, variance decomposition, in turn, provides a quantification
ofthe relative importance of those variables as sources of shocks af-
fecting output fluctuations in Uruguay. Historical decomposition
helps to assess the relative importance of foreign monetary policy
shocks in the Uruguayan economy.

According to the exercises conducted in this investigation, Uru-
guay seems to be reachable. Arise of 230 basis points in the federal
funds rate (in real terms) drops Uruguayan output growth rate by
0.4% at once; nevertheless, what happens afterwards is uncertain.
These results onlysuggest the need to delve deep into the transmis-
sionmechanism ofa particularshockbearingin mind that VAR anal-
ysis should be complemented with other approaches.

No formal test for structural breaks were perfomed despite the
presence of breaks in individual time series. Stationarity of the es-
timated FAVAR model may suggest co-breaking, though. Finally, an
important limitation of this study is the time span considered. Fu-
tureresearch onthistopicshouldinclude abroader datasetto apply
adynamicfactormodel, analyze possible breaks and nonlinearities.
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Annex 2. Figures

Figure A.1

IMPULSE-RESPONSE FUNCTIONS, FAVAR WITH BLOCK RESTRICTIONS

FFR AS THE FEDERAL RESERVE’S MONETARY POLICY STANCE
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Figure A.1 (cont.)
IMPULSE-RESPONSE FUNCTIONS, FAVAR WITH BLOCK RESTRICTIONS

FFR AS THE FEDERAL RESERVE’S MONETARY POLICY STANCE
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Figure A.1 (cont.)
IMPULSE-RESPONSE FUNCTIONS, FAVAR WITH BLOCK RESTRICTIONS

FFR AS THE FEDERAL RESERVE’S MONETARY POLICY STANCE
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Figure B.1 (cont.)
IMPULSE-RESPONSE FUNCTIONS, FAVAR WITH BLOCK RESTRICTIONS

FFR_IM AS THE FEDERAL RESERVE’S MONETARY POLICY STANCE
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Figure B.1 (cont.)

IMPULSE-RESPONSE FUNCTIONS, FAVAR WITH BLOCK RESTRICTIONS

FFR_IM AS THE FEDERAL RESERVE’S MONETARY POLICY STANCE
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Figure B.1 (cont.)
IMPULSE-RESPONSE FUNCTIONS, FAVAR WITH BLOCK RESTRICTIONS

FFR_IM AS THE FEDERAL RESERVE'S MONETARY POLICY STANCE
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