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ABSTRACT

TURKAY, Mesut. International Transmission Mechanism of Unconventional
Monetary Policy, Ph. D. Dissertation, Ankara, 2016.

The use of unconventional monetary policies by leading advanced country central banks
has been accelerated especially after the global crisis of 2008-09 and become the new
normal for the monetary policy. Among these policies, especially quantitative easing
(QE) policy has taken the center stage and the literature concerning the effects of this
policy on various economic indicators has exploded. The aim of this study is to
contribute to the literature by analyzing the international transmission mechanism of
unconventional monetary policy. In this context, two empirical studies are performed to
analyze the spillover effects of QE policies on emerging market (EM) economies using
panel data. The first study employs panel vector autoregression model and finds long
run cointegration relationship between bond purchases and EM macro variables. QE
implemented by Fed reduces sovereign bond yield and inflation, leads to exchange rate
appreaciation and stimulates economic activity in EM economies. The second study use
Augmented Mean Group (AMG) estimator that is robust to slope heterogeneity and
cross section dependence. It examine the impact of QE carried out by Fed on local
government bond yields in EM countries. Results show that both country specific
variables such as central bank policy rate, inflation rate, budget deficit and global
variables such as US bond yield and QE variables are significant determinants of
domestic government bond interest rate in EM economies. The announcements
regarding QE programs as well as actual bond purchases are found to lower EM bond

interest rates.

Key Words

Unconventional Monetary Policy, Quantitative Easing, Spillover Effects, International
Transmission Mechanism



OZET

TURKAY, Mesut. Gelenekse! Olmayan Para Politikasinin Uluslararasi Aktarim
Mekanizmasi, Doktora Tezi, Ankara, 2016.

Geleneksel olmayan para politikalar1 6zellikle 2008-09 kiiresel ekonomik krizi sonrasi
donemde onde gelen gelismis lilke merkez bankalar tarafindan giderek artan bir sekilde
kullanilmaya baglanmis ve para politikast i¢in yeni normal haline gelmistir. Bu
politikalar arasinda ozellikle niceliksel gevseme 6n plana ¢ikarken, bu politikalarin
cesitli ekonomik gostergeler ilizerindeki etkilerine iliskin caligmalar hizli bir artis
gostermistir. Bu ¢alismanin amaci geleneksel olmayan para politikalariin uluslararasi
aktarim mekanizmasimi analiz ederek mevcut literatiire katkida bulunmaktir. Bu
cercevede, niceliksel gevseme politikalarinin gelismekte olan iilke ekonomileri
lizerindeki yayilma etkilerini incelemek icin iki ampirik ¢alisma yapilmustir. Ilk
calismada Durbin-Hausman esbiitiinlesme testi ve panel vektor otoregresif modeli
kullanllarak ABD Merkez Bankasi tarafindan uygulanan niceliksel gevseme
politikalariin gelismekte olan {ilke ekonomilerinin makroekonomik gdstergeleri
tizerindeki etkisi analiz edilmistir. Sonuglar tahvil alimlar ile gelismekte olan iilke
makro degiskenleri arasinda uzun vadeli esbiitliinlesme iliskisi oldugunu gostermektedir.
Niceliksel gevseme politikalar1 devlet tahvili faizi ve enflasyonu diistirmekte, ekonomik
aktiviteyi desteklemekte ve reel doviz kurunun deger kazanmasina neden olmaktadir.
Ikinci calismada, ABD tarafindan uygulanan niceliksel gevseme politikalarinimn
gelismekte olan iilkelerin yerel para birimi cinsinden devlet tahvili faizi iizerindeki
etkisini bulmak amaciyla Arttirllmis Ortalama Grup tahmin edicisi kullanilmustir.
Sonuglar hem merkez bankasi faizi, enflasyon ve biitce acigr gibi ililkeye 0Ozgii
degiskenlerin hem de ABD tahvil faizi ve niceliksel gevseme gostergeleri gibi kiiresel
degiskenlerin gelismekte olan {lilkelerdeki yerel para birimi cinsinden devlet tahvili

faizinin belirleyicisi oldugunu gostermektedir.
Anahtar Sozciikler

Geleneksel Olmayan Para Politikasi, Niceliksel Gevseme, Yayilma Etkileri,

Uluslararast Aktarim Mekanizmasi
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INTRODUCTION

Central banks around the world conventionally implement a monetary policy by
controlling short term nominal interest rates and affecting the economy through
monetary transmission mechanism. However, there are times when monetary
transmission mechanism as a conventional monetary policy does not work properly for
some reason or turns out to be a weak, ineffective or even unavailable instrument in
order to attain desired consequences. In those cases, central banks usually refer to
unconventional monetary policy options such as quantitative easing, qualitative easing

and forward guidance.

Unconventional monetary policy (UMP) is relatively a new concept and the popularity
of these policies has had an increasing trend during the last decade. Especially, after the
recent global economic crisis of 2008-09, upon reaching zero lower bound on interest
rates, several advanced country central banks started to employ unconventional
monetary policies intensively. In that context, major central banks announced asset
purchase programs, altered the composition of their balance sheet, used forward
quidance to provide signals to the financial markets and implemented several other

unconventional policies especially during the crisis period.

Unconventional monetary policies have been used increasingly in the post global crisis
period and have become the new normal for the monetary policy. Especially, the zero
lower bound have made the conventional interest rate almost useless as a monetary
policy tool. Due to weak economic growth and low inflation (deflation in some cases) in
advanced economies, interest rates have failed to increase and zero short-term interest
rates have persisted for years. In this process, major central banks in the world have
gradually lowered their interest rate forecasts. Negative interest rates on government
bonds have become more and more common among advanced economies and the
number of countries having negative government bond yield continues to increase. The
current global economic environment makes us think that unconventional monetary

policies have become the new normal and they will be with us in the near future.

Among these unconventional monetary policies, especially quantitative easing (QE)

policies have taken the center stage. QE policy was first conducted by Bank of Japan



(BoJ) in 2001 and has been the most common unconventional monetary policy option
implemented by advanced country central banks in the post-global crisis period.
European Central Bank (ECB), Bank of Japan (BoJ), Federal Reserve (Fed), Bank of
England (BoE) and Swedish National Bank are among the central banks that have used
QE policy in that period. According to the empirical studies, on average, these policies
stimulated economic activity and inflation, increased global liquidity and capital flows
into developing economies, supported asset prices, caused the appreciation of currencies

and lowered government bond yields.

Due to the widespread use of unconventional monetary policies, it has been more and
more important to understand the transmission mechanism of these policies more
clearly and spillover effects of these policies both on domestic and international
economic variables. Especially after global crisis, the attention of media, policy makers
and academics regarding the impacts of these policies has gone up and the debate on
whether they are effective or not have intensified. Therefore, more research is required

to better understand the spillover effects of these policies.

There is a rich literature concerning the impact of unconventional monetary policies.
Hovewer, the literature mainly concentrates on the domestic economic impact of QE
and the studies about the international spillovers of QE policies are relatively rare.
Therefore, we contribute to the literature by analyzing the international spillovers of QE

policies on emerging market economies.

The study proceeds as follows. First chapter contains the definition and history of
quantitative easing, country experiences with QE, transmission mechanism of
quantitative easing and a comprehensive literature survey concerning the impact of QE
on major macroecconomic indicators. In the second and third chapters, we conduct two
empirical studies about the impact of QE on emerging market (EM) economies. More
specifically, in the second chapter we build a panel vector autoregressive model
(PVAR) so as to analyze the influence of QE policies implemented by Federal Reserve
(Fed) on output, inflation, government bond yield and exchange rates in EM economies.
In the third chapter, we employ Augmented Mean Group (AMG) estimator that allows

for heterogeneity and cross section dependence to investigate the effects of QE



announcements and actual purchases by Fed on government bond yield in EM

egconomies.



CHAPTER 1:
QUANTITATIVE EASING — DEFINITION, HISTORY, COUNTRY
EXPERIENCES, TRANSMISSION MECHANISM AND
LITERATURE SURVEY

Central banks all around the world most often perform monetary policy by using
nominal short term interest rates as an operating instrument and influence the economy
through monetary transmission mechanism. As a standart/conventional way of use,
central banks raise policy interest rate when economy is strong and/or inflation is high
and lower it when economy is weak and/or inflation is low compared to the target level.
However, when traditional channels of conventional monetary policy are ineffective,
unavailable or weak, central banks implement UMP such as quantitative easing,
qualitative easing, forward guidance or liquidity operations. For instance, when interest
rate is lowered down to zero lower bound (ZLB), conventional monetary policy hits the
limit'. This was experienced by Japan at the end of 1990’s and US, UK, Euro Area and
many others after the crisis of 2008-09. Figure 1 below shows that major central bank
policy rates have bottomed to ZLB in the post-crisis period.

Figure 1: Central Bank Policy Interest Rates (percent)
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' However, there are increasing number of cases that central bank policy interest rates are lowered below
zero in the post great recession (2008-09) period. Japan, Sweden, Switzerland are among them. Central
banks especially use negative deposit interest rates and try to encourage lending by banks. Hence, in
practice ZLB is in fact not always a limit to monetary policy.



Policy interest rates reaching the ZLB naturally led to the discussions regarding the
effectiveness of conventional monetary policy and policy options at ZLB. The debate
about the consequences of zero lower bound go back at least to Keynes (1936) who
refers to liquidity trap as a factor limiting the the capacity of central banks to support the
economic activity. Many economists such as Paul Krugman (2005) and Michael
Woodford (2011) argue that fiscal policy is much more effective to stimulate the
economic activity than monetary policy at ZLB. Conversely, some others claim that
central banks can affect output and prices even at ZLB. For example, Mishkin (1996)
argues that the view stating monetary policy has nothing to do to support economic
activity at ZLB is “demonstrably false.” Monetary policy can affect inflation
expectations and thus real interest rate which impacts economic activity at ZLB. Milton
Friedman (1997) argues that since Bank of Japan (BoJ) lowered interest rates till zero,

they should buy government bonds by injecting cash to support the economy.

Interest rates hitting ZLB does not mean that central banks lack tools to support the
economy and monetary policy is totally ineffective. Bernanke and Reinhart (2004)
propose three unconventional monetary policy options that can be implemented when
ZLB is reached. First is forward guidance that is using communication policies to set
public expectations about the future course of monetary policy and interest rates.
Second is quantitative easing (QE) that is boosting the balance sheet size by buying
financial assets. Third is qualitative easing which is changing the composition of the

balance sheet but keeping its size constant.

There is a large and growing literature about these unconventional monetary policy
options. This thesis will concentrate on quantitative easing which is the leading and
most widespead unconventional monetary policy alternative. First part of this chapter
will contain the definition and history of quantitative easing, second part will present
country experiences with QE, third part explains transmission mechanism of QE and the
channels through which it affects the economy and the fourth part provides a detailed

literature review concerning the impact of QE on major economic indicators.



1.1. DEFINITION AND HISTORY OF QUANTITATIVE EASING (QE)

Quantitative Easing (QE) can be described as the policy of increasing central bank
balance sheet through purchases of financial assets financed by central bank reserves.
QE increases monetary base from the asset side and reserves accumulate on the liability
side (Lenza et al., 2010). Described in another way, quantitative easing is a kind of open
market operation which involves the unsterilised swap of central bank money for
private assets (Breedon et al., 2012).

Widespread use of QE policies after the global economic crisis of 2008-09 intensified
the debate about these policies and some argue that they have practically the same
effects as of printing money. There are some similarities and differences between
printing money and quantitative easing. Printing money refers to creating money in
order to finance government deficits or pay governement debt which is sometimes
called “government debt monetization”. On the other hand, the money created with QE
policy is used to purchase securities like government bonds and mortgage backed
securities. Since central banks in many developed economes like UK, US, Japan and
EU are not legally allowed to buy government debt from primary markets, under a QE
scheme they buy it from the secondary market. Main aim of monetizing debt is to

finance government spending while the goal of QE is to boost economic activity.

The term “quantitative easing” was initially employed in 1994 by Richard Andreas
Werner who was chief economist at Jardine Fleming Securities. He put together the
Japanese word expansionary monetary policy (kin'yli kanwa, ‘monetary easing’) and
quantitative (ryoteki) to form the term ‘quantitative monetary easing’ (2 HIERLEET,

ryoteki kin'yukanwa) (Lyonnet and Werner, 2012).

Although some argue that Federal Reserve (Fed) employed a kind of quantitative easing
policy in the 1930’s and 1940’s to combat the Great Depression, quantitative easing
policy as we know today was initially applied by Bank of Japan (BoJ) in 2001. On
March 19, 2001, they replaced the operating target of overnight interest rate with
current account balance (CAB). Accordingly, this target would be achieved by buying

government bonds.


https://en.wikipedia.org/wiki/Great_Depression

However, interestingly, the word “quantitative easing” can not be found in any of the
monetary policy statements or their translations (Voutsinas and Werner, 2011). The
reason behind this could be that the term was first proposed by an opponent of central
bank policies or that Bank of Japan staff argued in their reports that such a policy was
not effective. During 2001, out of 29 speeches of the board members, only 11 speeches
included the expression ‘quantitative easing’. Hovewer, these speeches did not state that
this policy is being employed by BoJ. On December 9, 2002, almost two years after the
program started, the governor of BoJ first time said that QE policy was being
implemented by BoJ. In June 2003, new central bank governor Toshihiko Fukui used
the expression 26 times in his speech and this seems to be the milestone for the

expression.

The term quantitative easing became much more popular after the great recession of
2008-09 due to its widespread use. While BoE used the same expression, Fed chairman
Bernanke referred to their policy as “credit easing” (Bernanke, 2009). They later usually
preffered the expression “large-scale asset purchase program (LSAPP)” instead of the
term QE.

1.2.  COUNTRY EXPERIENCES WITH QE

QE was first implemented by Bank of Japan (BoJ) in 2001. European Central Bank
(ECB), Federal Reserve (Fed), Bank of England (BoE) and Swedish National Bank
followed after the Great Recession of 2008-09 in order to avoid deflation and revive the
economic activity. Size and composition of the QE programs vary across countries and
depend on the structure of the economies and motivations for the QE actions (Fawley
and Neely, 2013). While bond markets are more important in US and UK, banking
sector is much more crucial in Europe and Japan. To give an idea, in 2007, ratio of bank
loans to GDP was 63 percent (145 percent) for US (Europe), the ratio of debt securities
to GDP was 168 percent (81 percent) in US (Europe) (Smaghi, 2009). Consequently,
QE programs of the Fed and BoE concentrated on bond purchases and those of ECB

and BoJ targeted the banking sector.



Quantitative easing programs led to the explosion of central bank balance sheets. Figure
2 below shows the size of balance sheets normalised to 100 in 2007. It shows that
balance sheet size of Fed and BoE has increased about fivefold, ECB more than doubled

and BoJ more than tripled.

Figure 2: Size of Central Bank Balance Sheets (2007=100)
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Source: Bloomberg

Below we present a review of QE policies implemeted by leading advanced country

central banks in the world.

1.2.1. Federal Reserve (Fed)

In response to the deteriorating economic conditions and credit market disturbances
after Lehman Brothers bankruptcy in 2008, Fed first lowered federal funds rate close to
zero (0-0.25 range) which is effectively their ZLB. Since conventional interest rate tool
of monetary policy became useless, Federal Reserve started to implement UMP such as
liquidity operations, forward guidance and gquantitative easing to repair the functioning
of financial markets and support economic activity. Among these unconventional tools,
especially QE policies took the center stage after the crisis. To this end, the Federal
Reserve (Fed) announced their plan on November 25, 2008, to buy $100 billion worth
of government-sponsored enterprise (GSE) debt and $500 billion worth of mortgage-



backed securities (MBS) that are issued by GSE’s. Major aim was to lower risk spreads
on debt and calm down the markets. On March 18, 2009, the Fed announced extra
purchases worth of $100 billion in GSE debt, $750 billion worth of MBS and $300
billion worth of government securities. Fed’s November 2008 and March 2009 asset
purchase programs together are commonly called “QE1” or as Kohn (2009) names
“large-scale asset purchases” (LSAP1). QE1 totaled to $1.75 trillion which is worth
14.5 percent of total amount of treasury and agency securities at that time. 80 percent of
QE1 consisted of GSE and MBS purchases and the operation finished in March 2010.
The goal of QE1? program was to lower cost and increase the amount of housing loans
to stimulate the housing market and improve financial market conditions (Fawley and
Neely, 2013).

Financial markets stabilized as of the second half of 2010, hovewer real economic
recovery was weak. On August 10, 2010, the Fed declared that it will reinvest principal
payments of LASP assets into Treasuries so that the size of its balance sheet will be
maintained. On November 3, 2010, FOMC announced the purchase of $600 billion
worth of government bonds ($75 billion per month). Main goal of this program was to
lower real interest rates and augment inflation rate. Popularly known as “QE2”, this
program was concluded in June 2011. Maturity extension programme (MEP)Twas
announced on September 21, 2011, which was also called “Operation Twist”. Under
this programme, FED would buy $400 billion worth of government debt securities
having maturities between six and thirty years and sell the same amount having maturity
less than three years starting from October 2011 and ending in June 2012 (Meaning and
Zhu, 2011). The program aimed to lower long term interest rates by “twisting” the yield
curve. This program did not augment the monetary base since purchase and sales of
assets with different maturities are the same (Fawley and Neely, 2013). Fed also
declared that they will start to reinvest maturing MBS and agency debt in MBS. On
June 20, 2012, the Fed extended the Operation Twist program by $267 billion till the

end of the year.

2 While we use the term QE here, Federal Reserve usually prefers the term Large Scale Asset Purchases
(LASP).
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Despite all these efforts, economic recovery was not strong enough and this led Federal
Reserve to provide additional policy accomodation. FOMC announced third QE
program on September 13, 2012. This time, instead of total amount of purchases, Fed
started buy certain amount of assets every month. The program consisted of MBS
purchases worth $40 billion per month. It was declared that open-ended purchases were
to continue till the recovery of the labor market. FOMC announced the extension of
QE3 program on December 12, 2012, to include long-term government bond purchases
of $45 billion per month and the program increased to $85 billion per month. Chairman
Ben Bernanke first signalled the probable tapering of QE3 in testimony before Congress
on May 22, 2013. On December 18, 2013, FOMC announced the tapering of the QE3
program from $85 billion to $75 billion per month. After the announcement, actual
tapering of the program started in January 2014, continued gradually during the year
and finally finished on October 28, 2014. Federal Reserve balance sheet increased from
about $900 billion in 2008 to about $4.5 trillion at the end of 2015.

1.2.2. Bank of England (BoE)

Due to the global economic crisis of 2008-09 and its adverse domestic economic
implications, both conventional and unconventional monetary accommodation policies
were implemented in the United Kingdom (UK). As conventional steps, BoE reduced
policy rate gradually from 5 percent in October 2008 to 0.5 percent in March 2009.
After reducing interest rate down to effective lower bound, Bank of England (BoE)
started to carry out unconventional monetary policies. As a first step, on January 19,
2009, the BoE started Asset Purchase Facility (APF) to purchase up to £50 billion worth
of assets to remedy the credit markets. It was not a QE program because the purchases

of assets were matched with the sales of some other assets.

Quantitative easing (QE) programs of BoE can be seperated into two episodes. BoE first
declared a public sector asset purchase of £75 billion with maturity between 5 and 25
years on March 5, 2009. The target of this program was to support demand through
reduced interest rates, increase lending by banks and raise asset prices to support output

growth and offset deflationary pressures. On May 9, 2009, it was announced that the


https://en.wikipedia.org/wiki/Ben_Bernanke
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asset purchase program will be extented by £50 billion to £125 billion. The program
was extended to £175 billion on August 6, 2009, and to £200 billion on November 5,
2009 (Meaning and Zhu, 2011). The first stage of purchases ended on February 4, 2010
and BoE declared that Treasury issuance, not money creation, would fund any new
purchases. BoE bought £200 billion worth of gilts between March 2009 and January
2010. These asset purchases amounted to about 30 percent of total outstanding gilts and
about 14 percent of GDP.

Concerned with low inflation and weak economic recovery, second stage of QE
program started on October 6, 2011. The amount of the program was increased from
£200 to £275 billion that is financed by central bank money. On February 9, 2012, and
July 5, 2012, the program was expanded to £325 and £375 billion, respectively.
Furthermore, BoE was also allowed to buy private assets worth £10 billion. The amount
of private assets bought never exceeded £3 billion. As a result of these programs, size of
BoE balance sheet increased from £80 billion in 2008 to about £400 billion at the end of
2015. On August 4, 2016, BoE cut interest rate by 25 bps to 0.25 percent (lowest rate in
322 years of bank history) and extended QE program by £60 billion to £435 billion so
as to increase output growth and achieve inflation target after the referandum to leave
the European Union.

1.2.3. European Central Bank (ECB)

The European Central Bank (ECB) responded to the global economic crisis of 2008-09
with interest rate cuts, provision of loans, long term refinancing operations (LTRO) and
QE programs. As a first step, short term policy rate was lowered from 4.25 percent in
September 2008 to 1 percent in May 2009. Policy rate was raised 1.5 percent in 2011.
These rate hikes were reversed in November and December 2011 and interest rate was
lowered to 1 percent. Weak economic recovery and deflation risks led ECB to lower

interest rate to 0 percent by August 2016.

As for the unconventional monetary policy, the guide for ECB’s actions is the Lisbon

Treaty (2007) and it does not allow the central bank to purchase sovereign debt
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securities as a bailout or monetary financing (Article 125 and 123, respectively).
Therefore, asset purchases have been implemented to improve monetary transmission
mechanism and correct market disturbances. On May 7, 2009, the ECB announced the
purchase of covered bonds worth €60 billion in order to prevent credit crunch and
stimulate economic recovery in the Euro Area. The covered bond market is crucial in
Europe and amounts to about €2.4 trillion in 2008 (Beirne et al., 2011). That is, Covered
Bond Purchase Program (CBPP) amounts to about 2.5 percent of the outstanding bonds.
The objective of the CBPP was to lower money market rates, improve financing
conditions, encourage lending by banks and boost the liquidity in private debt securities
market. The purchases were sterilized and did not increase balance sheet of ECB. Thus,
it was not a quantitative easing (QE) program. The CBPP was terminated at the end of
June 2010.

Due to the deepening sovereign debt crisis, ECB announced Securities Market
Programme (SMP) on May 10, 2010. The program allowed the ECB to buy government
debt securities from the secondary market and aimed to augment the depth and liquidity
of the market and restore monetary policy transmission mechanism (Fawley and Neely,
2013). The amount of purchases was not pre-announced and was to be determined
according to the financial and economic conditions. Since the asset purchases were
sterilized and had no impact on balance sheet size, the SMP was not a quantitative
easing program. The purchases under SMP stopped in January 2011 but started again in
August 2011 due to the deepening of the crisis. The amount of government bond
purchases within SMP totaled to €219.5 billion. In addition to SMP, second Covered
Bond Purchase Programme (CBPP2) that is worth €40 billion was also declared on
October 6, 2011 (Szczerbowich, 2015). It was finished on October 31, 2012 and the

amount of the program reached €16.4 billion.

The Eurozone debt crisis continued in 2012 with doubts about the solvency of Italy and
Spain and the role of Euro as the common currency came into question. Mario Draghi,
the President of ECB, declared on July 26, 2012, that they will do whatever is needed to
save the euro. On September 6, 2012, they declared the government bond purchasing
program that was called Outright Monetary Transactions (OMT). The objective of the

program was to ensure the functioning of the monetary transmission mechanism,
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improve credit conditions throughout the Eurozone and reduce the risk premium. The
program allows the central bank to buy unlimited amount of euro area government
securities from secondary market according to the conditions of European Financial
Stability Facility (EFSF) and European Stability Mechanism (ESM). The maximum
maturity of bond purchases was determined as 3 years. The purchases were going to be
sterilized and thus balance sheet size will not change. The OMT program was

announced but it has never been activated.

Due to deflation that started at the end of 2014, ECB decided to take further actions. In
this vein, ECB declared an 'expanded QE programme' on January 22, 2015. It includes
the third covered bond purchase programme (CBPP3), asset-backed securities purchase
programme (ABSPP) and public sector purchase programme (PSPP). Accordingly,
monthly security purchases would be €60 billion. Purchases started in March 2015 and
it was planned that the program will last in September 2016. On December 3, 2015,
ECB announced the extension of the asset purchase program through March 2017. On
March 10, 2016, bond purchases were increased from 60 billion euros a month to 80
billion euros. On June 8, 2016, ECB also started to buy corporate sector bonds. As of
July 2016, cumulative purchases of the program totaled to about €1,165 billion, 80

percent of which are treasury bond purchases.

1.2.4. Bank of Japan (BoJ)

The 1990°s was a decade of very low growth and increasing deflationary pressures for
Japan. In response, BoJ reduced policy rate gradually till zero in 1999. After adoption of
zero interest rate policy (ZIRP) between February 1999 and August 2000, BoJ started
QE policy on March 19, 2001, and became the first central bank to perform QE.
According to this policy, BoJ began to use current account balances (CAB) instead of
overnight rate as the operating target and increased CAB in excess of required reserves.
At the time the program started in March 2001, the amount of required reserves was ¥4
trillion and CAB target was ¥5 trillion. BoJ raised required reserves to ¥5 trillion and
CAB target to ¥35 trillion from March 2001 to December 2004 and kept it there for
several years. Average excess reserves were ¥26 trillion during the Asset purchase
program between March 2001 and March 2006. To reach the target of CAB, BoJ raised
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purchases of government securities and some other assets. Major asset category bought
during the program period was long term government bonds and monthly purchases
were increased from ¥400 billion to ¥1.2 trillion. Later on, the program was extended to
include private assets, asset-backed commercial paper and securities (Bowman et al.,
2015a). Primary objective of the program was to increase lending through higher
reserves in the banking system, boost asset prices and reduce inflationary pressures. The
BOJ also provided forward guidance to maintain QE policy and zero interest rate until
core inflation stopped declining. On March 9, 2006, the BOJ terminated QE policy and
started to employ overnight call rate, set at O percent, as the main policy instrument
again. Balance sheet was reduced by letting short term assets expire but BoJ continued

monthly purchases of sovereign bonds worth ¥1.2 trillion.

On December 19, 2008, monthly government bond purchases were increased from ¥1.2
trillion to ¥1.4 trillion. On March 18, 2009, monthly purchases were boosted again from
¥1.4 trillion to ¥1.8 trillion. In addition, it was announced on January 22, 2009, and on
February 19, 2009, that they will buy ¥3 trillion and ¥1 trillion in commercial paper,

respectively.

On October 5, 2010, second quantitative easing program (QE2) was announced. This
program included the purchases of short and long-term sovereign bonds, corporate
bonds, commercial paper, Japanese real estate investment trusts (J-REITS) and
exchange-traded funds (ETFs). Initial size of the program was ¥35 trillion which
consists of new asset purchases of ¥5 trillion and funds-supplying operation (FSO) of
¥30 trillion. The program was expanded in 2011 and 2012 on nine occasions to ¥101
trillion by December 2012. In the course of this program, the purchases of different
assets amounted to about ¥76 trillion. It included ¥44 trillion of sovereign bonds, ¥24.5
trillion of short term treasuries, ¥2.2 trillion of commercial papers, ¥3.2 trillion of

corporate bonds, ¥2.1 trillion of ETF and ¥0.13 trillion of REITs.

On April 4, 2013, third qualitative and quantitative easing program (QE3) was
announced. With this program, the main operating target became the monetary base
instead of overnight call rate. According to the program, the central bank will

implement open market operations such that the monetary base rises by about ¥60-70



15

trillion annually and double over the next two years. The size of the monetary base was
¥138 trillion at end of 2012 and it was expected to reach ¥200 trillion at end of 2013
and ¥270 trillion at end of 2014. Accordingly, the central bank will buy ¥50 trillion
worth of sovereign bonds every year in order to reduce interest rates. Average maturity
will be increased from about three years to seven years. In addition to government
bonds, BoJ announced that they will also buy ¥1 trillion worth of ETFs and ¥30 billion
worth of J-REITs annually.

On October 31, 2014, BoJ boosted QE program such that the monetary base will rise
¥80 trillion a year. Under the new program, annual amount of government bond
purchases will rise from ¥50 trillion to ¥80 trillion. Average maturity of government
bond purchases will be extended to 7-10 years. Amount of annual ETF and J-REIT
purchases will be ¥3 trillion and ¥90 billion, respectively. BoJ will implement the
program in an open-ended manner and make adjustments when needed. On January 29,
2016, BoJ lowered interest rate applied to current accounts to -0.1 percent. On
September 21, 2016, BoJ introduced quantitative easing with yield curve control.
According to this policy, central bank controls both short and long term rates. BoJ will
buy government bonds so that ten year government interest rate remains at zero percent
target level. Annual pace of increase in the amount outstanding of government bonds is
¥80 trillion. In addition, BoJ also commit to expand the monetary base until year-on-
year inflation rate exceed 2 percent and stays above the target in a stable manner. Size
of BoJ balance sheet increased from ¥110 trillion in August 2008 to ¥453 trillion in
August 2016.

1.2.5. Swedish National Bank

On February 12, 2015, Swedish National Bank joined other major central banks which
establish a quantitative easing program. They cut key interest rate from 0 to -0.1 percent
and launched a QE program to buy government bonds worth SEK 10 billion ($1.2bn)
due to deflation risks. On March 18, 2015, the repo rate was cut to -0.25 percent and QE
program worth SEK 30 billion consisting of government securities was announced. On
April 29, 2015, the extension of QE program by a further SEK 40-50 billion was
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announced. On July 2, 2015, repo rate was cut to -0.35 percent and QE program was
extended further by SEK 45 billion until the end of 2015. On October 28, 2015, the
Executive Board decided to extend the program further by SEK 65 billion so that the
total amount of purchases will be SEK 200 billion by the end of June 2016. On
February 11, 2016, interest rate was cut further to -0.5 percent. On April 21, 2016,
further government bond purchase of SEK 45 billion was announced and total amount
of purchases is expected to reach SEK 245 billion at the end of 2016.

1.3. TRANSMISSION CHANNELS OF QUANTITATIVE EASING

Transmission mechanism of conventional monetary policy has long been studied and
thus the related literature somewhat matured. Romer and Romer (1990), Bernanke and
Blinder (1992), Bernanke and Gertler (1995), Meltzer (1995), Mishkin (1995) and
Taylor (1995) are among some leading studies that present a review of transmission
mechanism and their channels that show how monetary policy influences the economy.
On the other hand, transmission mechanism of UMP, and QE in particular, is relatively
a new field of study. The implementation of first QE program by BoJ in 2001 is a
milestone and studies about the transmission channels of quantitative easing policies has
started to emerge afterwards. Quantitative easing policies became much more common
with the widespread implementaton of QE among advanced country central banks after
the global economic crisis. This naturally led to a burgeoning expansion of the literature

concerning the transmission channels of QE policies.

Conventional monetary transmission mechanism and transmission mechanism of
quantitative easing have some differences as well as similarities. Some channels are
common to both conventional monetary policy and quantitative easing but QE policies
have also some other specific transmission channels. We start with describing the
transmission channels of quantitative easing policies that are similar to conventional
monetary policy channels and then present a review of transmission channels that are

specific to QE.

One transmission channel through which monetary policy affects other economies is the

trade channel (also called income-absorption effect). Mundell-Fleming model (Mundell,
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1963) shows that monetary easing has a positive impact on output level. In addition to
conventional monetary policy, quantitative easing also has a similar effect on economic
activity of home country. Kapetanios et al. (2012), Chung et al. (2012), Gertler and
Karadi (2013), Baumeister and Benati (2013), Matsuki et al. (2015), Meinusch and
Tillmann (2016) and Weale and Wieladek (2016) all empirically find out that QE policy
boosts output in home country through various channels. Output growth in home
country increases import demand and boost the economy of foreign exporters. Thus, QE
supports demand in other economies (Dahlhaus, 2014). The strength of this channel
depends on the effectiveness of QE policy in stimulating domestic output and the share
of imports in home country GDP. Studies such as Ugai (2007) and Chen et al. (2012a)
argue that the effect of QE on domestic output is limited and some others such as
Peersman (2011) and Schenkelberg and Watzka (2013) claim the effect is temporary.
The findings of these studies imply that the impact of QE through trade channel is
limited. In addition, QE implented in a relatively closed economy may also have a
relatively limited impact through trade channel. Total imports as percent of GDP is
about 16, 21 and 23 percent of GDP for US, Japan and Euro Area in 2014, respectively.
Therefore, assuming the influence of QE on output and income elasticity of import
demand are the same for all, the effect of QE on other economies through trade channel

might be the largest for Euro Area and weakest for US.

Another transmission channel of QE is the exchange rate channel (also called
expenditure-switching effect). According to Mundell-Fleming model, monetary
expansion leads to the depreciation of home currency. Similar to conventional monetary
policy, the literature indicates that quantitative easing also gives rise to the depreciation
of home currency. Joyce et al. (2011), Rosa (2012), Glick and Leduc (2013) and Neely
(2015) empirically show that QE policies lead to the decline (depreciation) of home
currency. This deteriorates the terms of trade, makes goods and services less expensive
for foreigners and increases net exports. Therefore, QE exerts beggar-thy neighbour
effects and has a negative impact on the output of foreign countries through
expenditure-switching effect (Dahlhaus, 2014). This effect is strong especially if the
country implementing QE policy has an important share in the world trade and the
impact is greater on the major trading partners. Assuming that the effect of QE on

domectic exchange rate and price elasticity of import demand are the same, QE
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implemented in Euro Area or US might have a larger negative effect on foreign
country’s output through exchange rate channel compared to Japan. The negative
impact through exchange rate channel might be larger on the major trading partners of
the country implementing QE policy. For instance, QE implemented by US have a big
impact on Canada through exchange rate channel since Canada is one of the leading
trade partners of US. If the country that carries out QE policy has a reserve currency and
constitutes a crucial role in the global economy, depreciation of the local currency also
impacts developing country exchange rates, interest rates and size and volatility of
capital flows (Fic, 2013). While the output of foreign country increases through trade
channel, it declines through exchange rate channel. Empirical evidence does not predict
which effect dominates. If the negative impact of currency depreciation is larger, output

abroad shrinks, whereas it expands if positive trade channel prevails it (Kawai, 2015).

Another transmission channel of QE is the confidence channel. The announcement and
implementation of the QE implies that the central bank will do whatever it requires to
minimize the effect of economic crisis and reach economic objectives. Through this
channel, QE enhances consumer and business sentiment which leads risk premium and
uncertainty to decline, risk appetite and asset prices to increase. (Fratzscher et al., 2013).
This channel supports economic activity through improved confidence, higher asset
prices, lower uncertainty and risk premium. Reduction in option implied volatilities
show the impact of QE through confidence channel. It also has a positive effect on the

global economy through higher asset prices and improved confidence.

Quantitative easing also affects the economy through fiscal channel. By lowering
government bond yields, QE reduces debt service costs and improves fiscal balance
(Kozicki et al., 2011). Increase in central bank holdings of securities which provide
interest income via asset purchases leads to a rise in central bank profit, consequently.
Since most of the central banks around the world transfer their profit to the treasury, QE
boosts non-tax revenue of the government and improves the fiscal position. For
instance, Federal Reserve (Fed) net income of $97.7 billion in 2015, that is 0.54 percent
of GDP, was transfered to US Treasury. This corresponds to the governmental revenue
tranferred as the central bank profit and is somewhat analogical to the seigniorage

revenue emerging due to inflation. Strenghtening economic activity through QE also
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increases tax revenue and improves budget balance. That enables government to reduce
taxes or increase government spending to support economic activity (Bernanke et al.,
2004). In addition, QE increases the effectiveness of fiscal policy by lowering interest

rates and lessening the crowding out of consumption and investment (Kohn, 2009).

QE also influences the economy through inflation channel by increasing inflationary
pressure which leads to higher economic activity and depreciation of domestic currency.
Asset purchases by central bank increase inflation expectations and affect interest rate
(Krishnamurthy and Jorgenson, 2011). Increased inflation expectations reduce real rate
and support economic activity. In addition, QE also lowers inflation uncertainty and the

risk of deflation.

There are also various transmission channels specific to quantitative easing. Among
them, especially portfolio balance and signalling channels are crucial and are cited most
frequently in the literature. Theory on portfolio balance channel rely on the theories of
famous monetary economists such as James Tobin (1961, 1963 and 1969), Milton
Friedman (1978), Karl Brunner and Allan Meltzer (1973). The idea is that different
financial assets are imperfect substitutes. Investors have different risk characteristics,
preferences over maturity and asset classes and might face different regulations
(Bernanke, 2012). Therefore, they demand assets with different types and maturities.
According to this channel, QE alters the supply of assets that investors can buy and thus
influence the price and yield of the assets. Central bank purchases of a specific asset
decrease the amount of security that investors holds, increases price, lowers yield and
term premium. As a result, investors rebalance their portfolios into other assets in search
of higher return. For instance, purchases of government bonds by Federal Reserve
(FED) create an excess demand over supply and lead to the scarcity of the bonds
purchased in the market that consequently boost the price of bonds and lower the yield.
Declining relative return of this asset causes some investors to change their portfolios.
Demand for corporate bonds and equities rise which increases the prices and lowers the
yield of these assets. Lower yields and higher asset values ease financial conditions,
boost investment and consumption due to lower financing costs and wealth effects.

Therefore, QE stimulates the economic activity through portfolio balance channel.
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Portfolio balance channel also applies to global economy because of economic and
financial globalization. Higher asset prices and lower yields as a result of QE lead to
global portfolio rebalancing among investors. Some investors shift their portfolios
towards emerging market bonds, equities and corporate bonds in search of higher
return. Chen et al. (2012b), Fratzscher et al. (2013), Rogers et al. (2014), Bauer and
Neely (2014), Bowman et al. (2015b), Neely (2015), Georgiadis and Gréb (2016) and
Tillmann (2016) find empirically that quantitative easing policies ease financial
conditions, lower bond yields and boosts asset prices globally, especially in emerging
market economies. This in turn supports foreign consumption and investment through

the same mechanisms described before.

Declining interest rates and search for yield by investors also influence the capital flows
into and out of emerging market economies. Ahmed and Zlade (2014), Lim and
Mohapatra (2016) and Kiendrebeogo (2016) show that QE policies lead to increased
capital flows into emerging market economies, especially through portfolio flows.
Fratzscher et al. (2013) find out that QE1 caused portfolio rebalancing from EM
economies to United States funds and in the opposite direction under QE2. In addition,
QE also boosts global liquidity. Increased global liquidity and capital flows have crucial
effects on recipient country exchange rates, asset prices and credit growth. In addition,
asset purchases by central banks crowds out investors from the markets and leads to
higher corporate bond issuance through “gap filling” theory (Greenwood et al., 2010).
Duca et al. (2016) show that QE implemented by Fed had a significant effect on global
corporate bond issuance. The study finds that bond issuance in emerging market

economies would be half the realized amount without QE.

Another leading transmission channel through which QE impacts the economy is the
signalling channel (expectation effect). This channel implies that central bank
announcements or operations give a signal concerning the current situation of the
economy and future course of the monetary policy. Actions or operations of central
banks give information concerning the future course of monetary policy directly or
indirectly. Forward guidance that have been used by Federal Reserve (Fed) actively and
very often in the post-global crisis of 2008-09 period is the leading direct signal (Bauer

and Neely, 2014). In this form of signalling, central banks give signal about future
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monetary policy to the public directly through monetary policy statements, press
conferences or speeches by chair/members of the monetary policy committee. For
instance, on December 16, 2008, FOMC stated that they expect low rates going on. On
March 18, 2009, FOMC declared that they anticipate very low rates for a long period
(Bauer and Neely, 2014). Quantitative easing announcements/actions can also provide
indirect (implicit) signals. In this form of signalling, QE announcements/actions imply
that lower inflation and/or weaker growth is expected. This is perceived as a signal that
future policy rates will remain low for an extended period. Announcement and
implementation of quantitative easing policy can also suggest that central banks intend
to carry out a more accomodative monetary policy.

Signalling channel works through the standart expectations hypothesis which relies on
the relation between the interest rates with different maturities. Accomodative monetary
policy stance lowers market expectations of future rates and leads to the fall of long
term interest rates (Christensen and Rudebusch, 2012). This channel has a larger effect
on bond yields with intermediate maturity compared to long maturity bonds because
low interest rate commitment expires as soon as the economy recovers. In addition to
lowering intermediate and long term rates, the signal also reduces the uncertainty about
the future policy and hence the risk and term premium. Furthermore, the signal reduces
volatility, eases credit conditions, increases household and business confidence and
supports asset prices all of which stimulate the economic activity. If QE is perceived by
the public such that the conditions are worse than expected, then it may also lead to
flight to safety (Neely, 2015).

Signalling channel also applies to the global economy. Due to economic and financial
globalization, the interaction between countries has been increasing and central banks
around the world face with similar challanges and problems such as high commodity
prices or tight financial conditions. Therefore, policy rates of the central banks have a
high correlation with each other. QE announcements of Fed or ECB affect both
domestic and foreign expected future interest rates. QE announcements reduce bond
yield through signalling effect and increase interest rate differential with other countries
and leads to capital flows into higher yielding assets in search for return. Thus, carry

trade and capital flows into emerging market economies accelerate due to international
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signalling channel. Rising capital flows leads to exchange rate appreciation, increased
asset prices, credit expansion and financial instabilities. International signalling channel
has both negative and positive spillover effects on foreign countries. Net effect is

ambiguous.

Except from portfolio balance and signalling channels, there are many other less-cited
but important transmission channels that also influence the economy. One of them is
liquidity, or market functioning channel. When spreads and risk premia are well above
historical norms, liquidity is poor and market stress is at a significant level. QE
increases liquidity and leads to better market functioning (Gagnon et al., 2011). Asset
purchases also increase reserves of banks, lower liquidity premium and financing costs
and enable them to expand credit both to domestic and international borrowers (Lim and
Mohapatra, 2016). QE policy reduces the cost of buying and selling by lowering
liquidity premium (Joyce et al., 2011). Through this channel, central bank purchases of
securities calm down the markets, prevent panic, improve functioning of the market,
augment market liquidity and allow dealers and investors to take position in financial
markets. This channel is crucial and effective especially when QE is implemented
during the worst time of financial crisis (Gagnon et al., 2011). According to
Krishnamurthy and Jorgenson (2011), as one of the most liquid assets, treasury bonds
have a liquidity premium and it is high during crisis periods. Thus, increasing liquidity
through QE lowers this premium and raises yield. Liquidity channel also applies to the
global economy. QE implemented in economically and financially important country
such as US improves international liquidity and market functioning and provides

positive international spillovers through this channel.

Krishnamurthy and Jorgenson (2011) suggest some other transmission channels of QE.
Among them, credit risk channel implies that QE policy lowers credit risk of banks,
businesses and sovereigns through improving liquidity and confidence, declining
uncertainty and risk premium, falling financing costs, higher asset prices and better
growth prospects. Declining credit risk supports economic activity through higher asset
prices and improved balance sheets of economic agents. Changing credit default swap
(CDS) shows the impact of QE policies on the credit risk. Another transmission

channel, also related with the credit risk channel, is the default risk channel. Since QE is
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expected to stimulate the economy, it improves the balance sheet and financial health of
the corporations. As a result, default risk of the corporations falls. Lower grade bonds
such as Baa bonds or junk bonds have a higher default risk compared to Treasury bonds
(Krishnamurthy and Jorgenson, 2011). CDS is employed to evaluate the default risk and
the impact of QE on CDS of lower grade bonds is higher compared to that of Treasury
bonds. Therefore, QE is expected to reduce the spread between the CDS of lower and
higher rated bonds. Duration risk channel of QE implies that the purchases of the central
bank lower duration risk of investors. By reducing the amount of long term securities,
asset purchases remove duration risk and reduce risk premium. QE reduces long
maturity bond yields relative to short maturity bond yields and flattens the yield curve.
Prepayment risk premium channel is related with mortgage backed securities’ (MBS)
yield. MBS purchases under QE reduce MBS yields relative to other bonds
(Krishnamurthy and Jorgenson, 2011). This effect is present only when QE consists of
MBS purchases such as QE1 in US. All these transmission channels also apply to the
global economy. QE implemented in a large and economically significant country, such
as US, lowers credit, default and duration risks in other countries. Declining CDS

spreads shows the impact of QE policies.

Fiqure 3 below presents a chart that shows international transmission channels of
quantitative easing. QE affects international asset prices, foreign output and inflation
through various transmission channels and these channels are transmitted mainly

through capital flows (Barroso et al., 2015).
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Figure 3: International Transmission Channels of QE
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A crucial point is the relative importance of these transmission channels. There are
many empirical studies that analyze which channels are more important in the
transmission mechanism. It is important to note that different channels can be affective
at the same time (Fratzscher et al., 2013). The empirical literature about transmission
channels of QE especially focus on the relative importance of portfolio balance and

signalling channels. The empirical analysis of other channels is relatively rare.

The literature concerning the relative importance of transmission channels is divided.
Some studies show that portfolio balance is the dominant channel of transmission while
some others claim that signalling is the leading channel. There are also some other
studies that point out the importance of other channels or the prevelance of more than
one channel. Among the empirical studies about the transmission channels of QE,
Kimura and Small (2006) examines QE policy of Bank of Japan and find out that QE
lowers risk premium on government bonds but increases risk premium on equities.

Accordingly, portfolio rebalancing effect is found to be significant. Ugai (2007) provide
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a survey of empirical analysis concerning the impact of QE program in Japan. The
evidence shows that QE has some signalling effect such that the policy signals a more
accomodative monetary policy and lowers future rates. Oda and Ueda (2007) analyze
the impact of QE in Japan on yield curve. Through a macro finance model, interest rate
Is decomposed into risk premium and expectations component. Model results imply that
signalling channel is effective but portfolio balance channel is found to be insignificant.
Gagnon et al. (2011) employ term structure model and find out that QE in US lowers
long end of the yield curve by decreasing term premium instead of expectations of
future rates. That is, portfolio balance channel dominates and signalling effect is
negligible. Liquidity is the least important transmission channel of QE since it is
operative only early in the crisis period. Joyce et al. (2011) use both event study and
portfolio balance model to analyze the influence of QE in UK on long term gilt yield.
The results imply that gilt yields fall by about 100 bps mainly through portfolio balance
channel. Krishnamurthy and Vissing-Jorgensen (2011) propose event study and
dynamic term structure models to investigate the channels through which QE1 and QE2
affect interest rates in US. They argue that both QE1 and QE2 reduce yields through
signalling, safety and inflation channels. Programs augment inflation expectations,
lower future short term interest rates and yield of safe bonds. Additional channels for
QE1 are MBS risk premium, default risk premium and liquidity channels. QE2 is a
Treasury-only purchase program and affects mainly through signalling channel.
Hamilton and Wu (2012) use term structure model to show that QE in US flattens the
yield curve and the primary channel that QE influence yields is the portfolio balance
channel. D’Amico et al. (2012) also employ term structure model to analyze the impact
of QE1 and QE2 on long term bond yield in US. Empirical model imply that the effect
of the first and second QE programs on interest rates is through both portfolio balance
and duration channels. Signalling (expectations) channel is not found to be significant.
Using high-frequency data, Joyce and Tong (2012) investigate the effect of QE in UK
on gilt yields. Results show that local supply and duration risk channels are dominant.
Yields of longer maturity gilts and specific gilts that are being purchased fell more.
Breedon et al. (2012) employ a term premium model to investigate the influence of
initial QE program on bond yields. Model results indicate that QE reduced 10 year
government bond yield by about 50 bps through portfolio balance channel. Glick and
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Leduc (2012) employ event study methodology to show the effects of QE
announcements on international financial and commodity markets. They argue that
announcements of asset purchase programs have signalling effect such that market
participiants lower their future growth expectations. Accordingly, yields decline, dollar
depreciates and commodity prices fall through signalling channel. Christensen and
Rudebusch (2012) apply term structure model and seperate yields into term premium
and expectations of future interest rates to find out the relative importance of signalling
and portfolio balance channels. They argue that relative importance depends on the
central bank’s communication policies and financial market structures. In the post
global crisis period, Federal Reserve used communication policies actively and was
more willing to provide both explicit and implicit signals compared to other major
central banks. Thus, signalling channel of QE was relatively more effective for US.
Model results show that more than half of the response of yield in U.S. is through
signalling channel. Due to the differences between financial market structures, the role
of term premium varied across countries. For instance, US government bond market is
relatively more liquid and has a higher share of international investors compared to
other major bond markets. UK results imply that gilt yields decline through lower term
premium that is portfolio balance channel. Thornton (2012) finds no evidence that
portfolio balance channel lowers term premium. Reduction in yields is due to signalling
channel. Gilchrist and Zakrajsek (2013) show that QE lowered default insurance cost
for corporates but no impact is found on the credit risk of financial sector. Albu et al.
(2014a) and Albu et al. (2014b) find out that QE programs have a significant impact on
sovereign CDS. Bauer and Neely (2014) analyze the impact of QE in US on global
bond vyields by employing dynamic term structure models and analyze which
transmission channels are crucial. Dominant transmission channel differs across
countries due to each country’s bonds characteristics. Signalling channel is relatively
more important for US and Canada but the impact is moderate for Germany and
Australia. Portfolio balance channel is relatively more significant for Australia and
Germany compared to Canada and US. For Japan, portfolio balance effect is small and
there is no signalling channel. Signalling channel is bigger for countries that response
much more to US monetary policy surprises. Bauer and Rudebusch (2014) also propose

a dynamic term structure model and decompose vyields into term premium and
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expectations of future rates. Model results show that asset purchases lower yields
through signalling channel. Lim and Mohapatra (2016) investigate the effect of QE on
capital flows into developing countries. They find that the transmission channels of QE
are liquidity, portfolio rebalancing and condence channels. Georgiadis and Grab (2016)
analyze the effect of extended asset purchase programme (EAPP) on global asset prices
and compare the transmission channels with previous programs. Leading channel of
transmission for EAPP is found to be signalling while the main channels of transmission
are confidence and portfolio re-balancing for Outright Monetary Transactions (OMT)

and Securities Market Programme (SMP), respectively.

1.4. EFFECTS OF QUANTITATIVE EASING (QE) ON THE ECONOMY -
LITERATURE SURVEY

The literature concerning the effects of QE on the economy is wide, varied and growing
rapidly. Especially, low interest rate environment after the economic and financial crisis
in 2008-9 and widespread use of UMP in this period drawed attention on the effects
these policies. Hence, there has been an explosion of new studies and rapid growth of
the literature after in the crisis. For the sake of simplification and clearer understanding,
the literature may first be divided into two categories as the domestic and international
economic effects of quantitative easing. An additional division may also be made as
financial market and real economy effects of quantitative easing. Therefore, we can

basically review the literature in 4 different parts.

An important part of the related literature focuses on domestic financial market effects
of quantitative easing. More specifically, most of the studies in this category aim to
investigate the impact of QE on long term bond vyield. Literature on the effects of asset
purchases goes back to the “Operation Twist” implemented in US in 1961. Using
regression analysis, Modigliani and Sutch (1966) analyze the financial market effects of
this program and find that operation twist did not influence long term bond yield.
According to the study, short term yield increased and the spread between short and
long rates declined with this program. After a long break, QE employed by BoJ between

2001 and 2006 boosted curiosity on the impact of QE and studies concerning the impact
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of these policies on Japanese financial markets emerged. Among these, Bernanke et al.
(2004) find no announcement effect of QE in Japan but macro finance yield curve
approach implies that yields were 50 bps lower than expected during QE. According to
Kimura and Small (2006), portfolio-rebalancing effect of QE in Japan is statistically
significant but the impact on risk premium depends on the type of the asset subject to
QE. Risk premium on government and high grade bonds declined but it increased for
equities and low-grade corporate bonds. Oda and Ueda (2007) decompose interest rates
into expectations and risk premium through a macro finance model. They find QE in
Japan as effective, portfolio rebalancing effect as insignificant and signaling effect as
significant. Ugai (2007) presents a survey of empirical evidence for Japan’s QE and
argues that signaling effect is significant. QE created an accommodative financial
environment, helped to contain funding costs and uncertainties. However, the effect on

bond yield and risk premium is mixed.

The real explosion of the literature concerning the effects of QE was with the
widespread implementation of these policies after the global crisis. Many of the studies
in this period focus on the effects of QE implemented by Fed on interest rates. As an
early attempt, Doh (2010) employs preferred habitat model and finds out that treasury
bond purchases under QE1 lowered ten year government bond yields by 39 basis points
(bps). There are several studies using event study methodology to analyze the impact of
QE on long term bond yields in US. Among them, Gagnon et al. (2011) estimate that
QE1 reduced 10 year government bond yield by 91 bps. This fall reflects lower risk
premiums instead of subdued expectations of future interest rates. According to
Krishnamurthy and Jorgenson (2011), QE1 and QE2 reduced ten year interest rate by
107 and 30 bps, respectively. Interest rate on agencies, corporate bonds and MBS’s also
declined and the magnitude of the decline differs across bond type, maturity and
program. Meaning and Zhu (2011) also find a larger effect on interest rates for QE1
compared to QE2. Effects are estimated to be 80 and 21 bps, respectively. Swanson
(2011) revisits Operation Twist implemented in 1961 using event study and argues that
the effect of the program, which lowers long term treasury yield by about 15 bps, is
similar to QE2. Findings of Rosa (2012) point out that the impact of QE1 on 10 year US

treasury yield is large and is equal to a 197 bps unanticipated fall in short term rate.



29

Another study employing event study, Thornton (2012) suggests that reduction of
interest rates is due to signaling channel instead of portfolio balance channel.

Apart from event study, many other methodologies are also used to investigate the
effects of QE on long term US yield. Among them, D’Amico et al. (2012), Hamilton
and Wu (2012), Christensen and Rudebusch (2012), Li and Wei (2013), Bauer and
Rudebusch (2014) all use term structure models. According to D’Amico et al. (2012),
$300 billion Treasury bond purchase under QE1 lowered long term yield by 35 bps and
$600 billion Treasury bond purchase under QE2 reduced government bond yield by 45
bps. Christensen and Rudebusch (2012) decompose yields and argue that the decline in
US long term yield is mainly due to expectations of lower future interest rates. Hamilton
and Wu (2012) find that replacing $400 billion short and long term debt reduces 10 year
bond yield by 14 bps and increases 6 month yield by 11 bps. They find that same
amount of long term asset purchases would lower 10 year bond yield by 13 bps. Li and
Wei (2013) analyze the effects of QEL, QE2 and Operation Twist on 10 year treasury
yield. Estimated impacts are 60, 19 and 19 bps, respectively. Accordingly, the
cumulative effect of these three programs is found to be about 100 bps. Bauer and
Rudebusch (2014) argue that the signaling effect is large for QE1 but weak for QE2 and
Operation Twist. Employing a structural vector autoregressive (SVAR) model, Wright
(2012) shows that QE1, QE2 and Operation Twist have significant effect in reducing
long term government bond and corporate bond yield. Hovewer, the impact dies out in a
few months. In addition, the effect on treasuries is about twice of the corporates.
D’Amico and King (2013) and Kandrac and Schlusche (2013) investigate the stock and
flow impacts of QE on interest rates by employing panel regression methodology. Using
security level data, D’Amico and King (2013) estimate that $300 billion worth treasury
securities purchase under QE1 lowered government bond yield by an average of 30 bps
during the program that is called the stock effect. Furthermore, the purchases lowered
the yield further by 3.5 bps on the days of the purchase and this is called the flow effect.
Kandrac and Schlusche (2013) argue that flow effects are present in early programs but
their magnitude is small and disappear over time. They find out that treasury purchases

do not have any effect on market functioning.
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Apart from the studies concerning the influence of QE on government bond yield in US,
there are some others analyzing the effects of the programs on other variables such as
mortgage backed securities (MBS) yield, corporate bond yield, exchange rate, equities,
etc. Hancock and Passmore (2011) and Stroebel and Taylor (2012) analyze the effects
of the MBS purchases by utilizing low frequency data and reach some mixed results.
While Hancock and Passmore (2011) find a strong effect, Stroebel and Taylor (2012)
obtain a small or insignificant impact. Hancock and Passmore (2011) argue that
mortgage-backed security purchases (MBS) by Fed impose downward pressure on
mortgage rates. By employing regression analysis, they estimate that the impact is about
100 bps. The analysis also implies that about half of the decline in mortgage rates is due
to improved market functioning and clearer government backing, and the other half is
related to portfolio rebalancing. On the other hand, Stroebel and Taylor (2012) show
that changes in prepayment and default risks explain almost all of the movements in
mortgage spread. Therefore, when these risks are taken into consideration, the effect of
MBS purchases on mortgage spreads is found to be small and uncertain. The study
raises doubts about the benefits of MBS purchases on reducing mortgage rates. Gilchrist
and ZakrajSek (2013) investigate the effect of QE on credit risk and argue that QE
announcements by Fed led to decline in the cost of default insurance. QE is found to
reduce credit risk in the economy but no impact on financial sector risk. Results show
that QE improved financial conditions in both business and household sectors. Glick
and Leduc (2013) investigate the effects of QE on US exchange rate by employing
event study methodology. Model results show that the surprises concerning
conventional and UMP lead to the depreciation of dollar and the change in exchange
rate is similar in both policies. According to the study, QE1, QE2, and QE3 programs
led to the depreciation of the dollar by an average of 62, 24 and 14 bps, respectively.
Using event study and non-linear least squares, Gilchrist et al. (2015) find out that QE
lowers real borrowing cost and flattens the yield curve. According to the results, the

impact of conventional and UMP on real borrowing costs are similar.

There are also several studies about the effects of QE on UK financial markets. Among
them, Meier (2009) uses event study methodology to analyze the effect of QE
announcements and finds out that long-term sovereign bond yields fell between 40 and

100 bps with the announcement of BoE in March 2009. Joyce et al. (2011) employ
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several empirical methods such as event study, portfolio balance model, VAR and M-
GARCH models in order to analyze the effects of asset purchases on yields and argue
that QE in UK reduced long term treasury yields by about 100 bps. According to their
analysis, the biggest part of the effect is due to portfolio balance effect. Another
important conclusion of the study is that QE supported equity prices, lowered corporate
bond yield and led to the depreciation of Sterling. Breedon et al. (2012) employ a term
structure model for UK and estimate that QE lowers 10 year bond yield by about 50 bps
through portfolio balance effect. Using structural VAR and cointegrated VAR models,
Bridges and Thomas (2012) argue that asset purchase of BoE increased broad money
stock by 8 percent. As a result, yields went down by 150 bps and asset values increased
by about 20 percent. According to Joyce and Tong (2012), markets pricing of QE
announcement take time and the effect differs across term structure. Biggest impact is
estimated to be about 120 bps between the 15 and 20-year maturity. Christensen and
Rudebusch (2012) argue that the fall in yields in UK as a result of QE reflects lower

term premiums.

Literature about the impact of QE implemented by ECB on Euro Area financial markets
is increasing. As an early attempt, Beirne et al. (2011) find out that First Covered Bond
Purchase Program (CBPP1) which started to be conducted in July 2009 was effective to
lower money market rates, ease funding conditions, boost lending and improve liquidity
for private debt securities. Event study analysis shows that the program dampened euro
area covered bond yields by about 12 bps. Pattipeilohy et al. (2013) analyze the effects
of Securities Market Programme (SMP) and by using factor analysis show that the
effect of SMP is only temporary. Ghysels et. al. (2014) build a multi-frequency
component model to investigate the effects of SMP on bond yields. The results indicate
that purchases were successful in lowering yield and volatility. Using event study
methodology, Szczerbowicz (2015) find that ECB bond purchases reduced refinancing
costs of banks and governments. The analysis shows that periphery economies benefited
most from QE programs and ECB was able to create more homogenous credit
conditions in the Eurozone. Eser and Schwaab (2016) employ panel regression to find
out the effect of SMP on five year bond yields. According to model estimates, the
reduction of sovereign bond yields per €1 billion bond purchase is between -1 and -2
bps for Italy, -6 to -9 bps for Portugal, -3 bps for Ireland, -4 to -6 bps for Spain and
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between -17 and -21 bps for Greece. Another important finding of the study is that

estimated impacts are lowers as the size and liquidity of the market increases.

Table 1 below presents a brief literature review about the impact of QE on domestic

financial markets.

Table 1: Literature Review on Domestic Financial Market Effects of Quantitative

Easing

Authors and
Date

Model and Country

Result

Modigliani and Regression Operation Twist did not influence long
Sutch (1966) us term interest rates.
Bernanke et al. Event study, term | No announcement effect, purchases lower
(2004) structure model bond yield by 50 bps.
Japan
Kimura and CAPM,  Regression, | Risk premiums on assets with counter-
Small (2006) MA-GARCH cyclical returns declined, risk premium for
Japan assets with pro-cyclical returns increased.

Oda and Ueda

Macro-Finance Model

QE was effective, portfolio rebalancing

(2007) Japan effect insignificant, signaling effect
significant.
Meier (2009) Event Study QE lowered long term bond yield between
UK 40 and 100 bps.
Doh (2010) Preferred Habitat | 10 year bond yield declined by 39 bps.
Model
US
Hancock and Regression MBS purchases reduced mortgage rates
Passmore (2011) | US by about 100 bps.
Krishnamurthy Event Study, | QE1 and QE2 lowered 10 year bond
and Vissing- Regression yields by 107 and 30 bps, respectively.
Jorgensen (2011) | US
Beirne et al. Event Study, Error | Covered bond purchases lower money
(2011) Correction, market term rates, eases funding
Cointegration conditions, increases lending, improves
Euro Area market liquidity for private debt.
Gagnon et al. Event Study, | Ten-year treasury yield fell by 91 bps.
(2011) Regression
US
Joyce et al. Event Study, Portfolio | Long term government bond vyield fell
(2011) Balance Model, VAR, | about 100 bps.

GARCH-M,
Calibration
UK
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Meaning and Zhu | Event Study QE1 and QE2 lowers 10 year government

(2011) US, UK bond yield by 80 and 21 bps, respectively.

Swanson (2011) | Event Study Operation twist lowered long term
UsS sovereign bond yield by 15 bps.

Breedon et al.

Term Structure Model

Government bond yield fell about 50 bps.

(2012) UK
Bridges and SVAR, Cointegrated | Yields go down by 150 bps, asset values
Thomas (2012) VAR, Sectoral Models | increase about 20 percent.
UK
D’Amico et al. Term Premium | QE1 and QE2 reduced long term
(2012) Regression sovereign yield by 35 bps and 45 bps,
us respectively.
Christensenand | Dynamic Term | US vyields fall due to the reduction of
Rudebusch Structure Model, | policy expectations, fall in UK is because
(2012) Event Study of lower term premiums.
US, UK
Joyce and Tong Event Study, Panel | Impact is up to 120 bps between the 15
(2012) Regression and 20-year maturity.
UK
Hamilton and Wu | Term Structure Model, | Operation Twist lowers 10 year yield by
(2012) OLS, VAR 14 bps, increases 6 month yield by 11 bps.
us Asset purchase of the same amount
reduces 10 year bond yield by 13 bps.
Rosa (2012) Event Study Effect of QE is equal to 197 bps surprise
US, UK reduction in Fed funds rate for 10 year
yield.
Stroebel and Regression Effect of FED’s MBS purchases on
Taylor (2012) uUs spreads is limited.
Wright (2012) SVAR, Event Study Impact of QE is only temporary.
US
Thornton (2012) | Event Study, | Effect of QE is due to signaling, not
Regression portfolio balance channel.
US
Kandrac and Panel Regression Flow effect is small and dissipates over
Schlusche (2013) | US time.
Li and Wei Arbitrage-Free  Term | QE1, QE2 and Operation Twist reduced
(2013) Structure Model ten-year bond yield by 100 bps.
US
D’Amico and Panel Regression QEL1 lowered vyields by 30 bps (stock
King (2013) us effect), and further 3.5 bps on the days of
the purchase (flow effect)
Gilchrist and Event Study QE lowered cost of insurance against
Zakrajsek (2013) | US default risk.
Glick and Leduc | Event Study, | Surprises concerning conventional and
(2013) Regression UMP lead to depreciation of dollar.

US
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Pattipeilohy et al.

Factor Analysis

SMP only has temporary effect on bond

(2013) Euro Area yield.
Bauer and Dynamic Term | Signaling effect is strong for QE1, weak
Rudebusch Structure Model, | for QE2 and Operation Twist.
(2014) Event Study

US
Ghysels et al. Multi-Frequency Purchases were successful to reduce yield
(2014) Component Model and volatility.

Euro Area
Szczerbowicz Event Study Sovereign and bank covered bond spreads
(2015) Euro Area declined, periphery countries benefited the

most.

Gilchrist et al. Event Study, Non- | The impact of conventional and UMP on
(2015) Linear Least Squares | real borrowing costs is similar.

US
Eser and Panel Regression SMP lowered 5 year yield in Euro Area
Schwaab (2016) | Euro Area economies. Effects differ by countries.

Other part of the literature focuses on the domestic macroeconomic impact of QE
policies. Although the literature in this field is growing rapidly, there are fewer studies
compared to the ones investigating financial market impact of QE. Among the studies
concerning US, Chung et al. (2012) study the macroeconomic impact of QE1 and QE2
and argue that the programs were effective. The model of Fed show that the
combination of these two programs raised output by 3 percentage points and the
inflation is estimated to be 1 percent higher compared to what it would have been
otherwise. In addition, these policies created 3 million jobs and lowered unemployment
rate by 1.5 percent. They also find that the impact of two asset purchase programs is
equal to the reduction of fed funds rate of about 300 bps. Chen et al. (2012a) employ a
Dynamic Stochastic General Equilibrium (DSGE) model to estimate the effect of QE2.
Simulations imply that QE2 reduced risk premium by 12 bps, increased GDP growth by
about 0.13 percent and inflation by 3 bps which shows that the impact of the program is
only modest. The authors conclude that the effect of QE2 is persistent and slightly
smaller than a 25 bps reduction in Fed funds rate. Another crucial finding exhibits that
without commitment to sustain interest rate low, the impact on GDP is only 0.04
percent. Gertler and Karadi (2013) also apply a DSGE model and conclude that QE2 in
US reduced long term interest rates by 12 bps which leads to a maximum rise in GDP of
1 percent. Baumeister and Benati (2013) argue by employing a time-varying vector
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autoregression (VAR) model that QE mitigated deflation risk and further output
collapses. Without the programs, GDP and inflation would have been 3 and 1 percent
lower, respectively. Simulation results show that QE lowered unemployment rate by
about 0.75 percent. Engen et al. (2015) simulate FRB-US large-scale macroeconometric
model to investigate the impact of QE policy and find out that the peak effect of the
programs is to lower unemployment rate by 1.2 percent and increase inflation by 0.5
percent. Weale and Wieladek (2015) use Bayesian VAR method and find that asset
purchases in US have significant effects on GDP and inflation. Model results imply that
asset purchases worth 1 percent of GDP increase output and prices in US by 0.58 and
0.62 percent, respectively. The effect of QE is through portfolio balance channel and
reduces uncertainty. Meinusch and Tillmann (2016) employ a Qual VAR model and
conclude that QE has a significant effect on sovereign yields, output, market uncertainty
and equity prices. Accordingly, QE boosts industrial production and GDP by 0.6 and
0.15 percent, respectively. Another important result of the study is that QE is more

effective than conventional monetary policy in terms of the effect on real activity.

Among the studies that examine the effects of QE on UK economy, Kapetanios et al.
(2012) analyze the impact of the QE program on economic activity and prices by using
Bayesian VAR, Change Point SVAR and Time-Varying Parameter VAR models.
Model results imply that QE boosts economic activity by 1.5 percent and increases
prices by 1.25 percent on average. Bridges and Thomas (2012) apply a SVAR model to
investigate the influence of £200 billion worth of QE program in UK on output and
inflation. Model results display that QE boosts broad money supply by 8 percent. Yields
go down by 150 bps and asset values increase about 20 percent. Peak impact on GDP
and inflation are estimated to be 2 and 1 percent, respectively. Paseran and Smith (2016)
perform counterfactual analysis and find that QE in UK reduced spread between short
and long term yield by 100 bps and this boosts growth by about 1 percent. However, the
effect is not persistent. Weale and Wieladek (2016) use a Bayesian VAR model and
show that asset purchases worth 1 percent of GDP increase output and price level in UK
by 0.25 and 0.32 percent, respectively. They conclude that the effect is through

investors risk appetite and household uncertainty.
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Among the studies that analyze the influence of QE in Japan, Ugai (2007) presents a
survey of empirical analysis. Accordingly, QE in Japan created an accommodative
financial environment but the impact on output and prices was limited. Girardin and
Moussa (2011) study the effectiveness of Japanese QE experience by using Markov
Switching Factor-Augmented VAR (MS-FAVAR) method. Model results show that QE
was successful in stimulating output and prices. Schenkelberg and Watzka (2013) argue
that QE reduces bond yield and increases GDP and inflation. The study shows that QE
shock increases industrial production by 0.4 percent. SVAR model results indicate that
QE was effective in boosting economic activity temporarily at zero lower bound and the
impact of QE on inflation is not persistent. Bowman et al. (2015a) use bank level data
and panel regression to study the impact of QE on lending in Japan. They find a strong,
positive and significant impact of QE on loans. Overall effect is estimated to be small
and weak banks benefited more from QE compared to stronger banks. Employing a
MS-VAR model, Matsuki et al. (2015) find that QE in Japan reduces short term rates
and increases price level. Qualitative easing that includes government bonds and

exchange traded funds (ETF) boost economic activity.

There are also studies that analyze the macroeconomic effects of the ECB’s
unconventional monetary policies after the great recession of 2008-09. Among them,
Lenza et al. (2010) use Bayesian Vector Autoregression (BVAR) model and provide
counterfactual analysis to show that unconventional monetary policy was successful in
reducing money market spreads. The positive effect on output and inflation is found to
be with a lag. According to model results, non-standart measures decreased
unemployment rate by 0.6 percent and increased industrial production by 2 percent
compared to no change scenario. Effects on the annual growth rate of consumer and
corporate loans after 2 years are 1.5 and 3 percent, respectively. Peersman (2011)
applies a SVAR model and show that QE has transitory impact on output and a
permanent effect on inflation. Impact of unconventional monetary policies is found to
be smaller compared to traditional interest rate policies. Other important results of the
study are that QE reduces credit multiplier and the effect of 25 bps policy rate cut is
equal to a 10 percent rise in monetary base. Altavilla et al. (2014) analyze
macroeconomic impact of OMT program and find that announcement of the program

lowered 2 years Spanish and Italian sovereign yields by about 2 percent and had almost
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no effect on German and French yields by employing event study methodology. BVAR

model results imply that the program led to a strong and significant rise in output, prices

and credit in Italy and Spain, but a limited spillover effect in Germany and France.

Effects on GDP are 1.5 and 2 percent for Italy and Spain, but only 0.34 and 0.46 percent

for Germany and France, respectively.

A summary of the literature concerning the domestic macroeconomic effects of QE is

provided in table below.

Table 2: Literature Review on Domestic Macroeconomic Effects of Quantitative

Easing

Authors and Model and Country Result

Date

Ugai (2007) Survey of Empirical | Impact of QE on output and prices was
Analysis limited.
Japan

Lenza et al. Bayesian VAR Unconventional policies lower

(2010) Euro Area unemployment rate by 0.5 percent,

increase consumer and corporate loans by
1.5 and 3 percent respectively.

Peersman (2011)

Structural VAR

QE has transitory effect on output and

Euro Area permanent impact inflation.
Girardin and MS-FAVAR QE was effective to stimulate output and
Moussa (2011) Japan prices.
Chen et al. DSGE Model QE2 increases GDP growth by 0.13
(2012a) uUsS percent and inflation by 3 bps.
Bridges and SVAR, CVAR QE in UK has a peak impact of 2 and 1
Thomas (2012) UK percent on GDP and inflation,
respectively.
Kapetaniosetal. | BVAR, MS-SVAR, | Maximum impact of QE on output and
(2012) TVP-SVAR inflation are 1.5 and 1.25 percent,
UK respectively.
Chung et al. GARCH, DSGE, FRB- | QE in US raises GDP by 3 percent,
(2012) US, TVP-VAR creates 3 million  jobs, lowers
us unemployment rate by 1.5 percent and

increases inflation by 1 percent.

Baumeister and

TVP-VAR model

Effect of QE on GDP, inflation and

Benati (2013) US, UK unemployment rate are 3, 1 and 0.75
percent, respectively.

Gertler and DSGE Model QE2 reduces long term interest rates by

Karadi (2013) UsS 12 bps and this leads to a maximum rise

in GDP of 1 percent.
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Schenkelberg SVAR QE increases output and price level only

and Watzka Japan temporarily.

(2013)

Altavilla et al. Event Study, BVAR Impact of OMT program is large for

(2014) Euro Area Spain and ltaly, relatively muted for
France and Germany.

Engen et al. FRB-US Model QE lowers unemployment rate by 1.2

(2015) us percent and increase inflation by 0.5
percent.

Bowman et al. Panel Data Regression | They find a strong, positive and

(2015a) Japan significant impact on bank loans.

Matsuki et al. MS-VAR QE lowers short term interest rate and

(2015) Japan increases inflation. Qualitative easing
boosts growth.

Weale and Bayesian VAR Asset purchase worth 1 percent of GDP

Wieladek (2016) | US, UK raises GDP and prices in US by .58% and
.62% respectively. Impacts for UK are
.25% and .32%.

Paseran and Counterfactual QE in UK reduced spread by 100 bps and

Smith (2016) Analysis increased growth by 1  percent

UK temporarily.
Meinusch and Qual VAR QE increase industrial production and
Tillmann (2016) | US GDP by 0.6 and 0.15 percent respectively.

QE policies not only affect domestic economy but also have crucial international
spillover effects. Although many of the studies in the literature are about the impact of
QE on domestic economy, there are also others which analyze the international
spillovers of QE policies. Some of these focuses on international financial market
impact of QE programs and some others analyze international macroeconomic effects of
these policies. Among the studies that investigate international financial market
spillovers, some focus on the influence of the policies on developing economies while
some others on advanced economies or both. Many of these papers employ event study
methodology to find out the international financial market impact of QE programs.
Among them, Chen et al. (2012b) analyze the effect of QE implemented by major
advanced countries on developing economies in Latin America and emerging Asia.
Results show that QE increased stock prices, lowered government and corporate bond
yields, created upward pressure on exchange rates, compressed CDS spreads and
created an accommodative financial environment. The study shows that QE1 was more

influencial compared to QE2. QE1 and QE2 lowered 10 years bond yield in emerging
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Asia by 80 and 9 bps, respectively. QE programs of BoJ, BoE and ECB are also found
to have sizeable per-dollar effects. Glick and Leduc (2012) investigate the
announcement impact of QE policies by the Fed and BoE on international financial and
commodity markets. Results imply that QE by US and UK led to lower long term bond
yields in Europe, US, Canada, UK, Japan and Australia and depreciation of dollar and
pound. Impact of QE1 is found to be larger compared to QE2. Due to signaling effect,
QE policies reduced commodity prices. Fratzscher et al. (2013) analyze the effects of
the Fed’s QEI and QE2 on 42 EM and 21 advanced economies financial markets. There
are three important findings of the study. First, QE1 was effective in reducing sovereign
bond yields and boosting equities globally. On the other hand, QE2 increased equities
worldwide but had little impact on yields. Second, QE1 led to portfolio outflows from
EM’s and inflows to US funds. The opposite occured with QE2. Third, operations had
more effect on asset prices and capital flows compared to announcements. Rogers et al.
(2014) study the impact of UMP implemented by Fed, BoE, ECB and BoJ on sovereign
bond interest rates, exchange rates and equities. QE policies are estimated to be
effective in easing financial conditions. QE lowers bond yields and boosts asset prices.
Moreover, spillovers from bond interest rates to other asset prices are bigger for the US
than for other countries. Sonmezer (2014) analyze the effects of QE announcements by
Fed on Turkish financial markets. QE announcements in general had an important effect
on local and foreign bond yields. Especially, announcements concerning QE1 had a
significant impact. When announcements are expected by the public, effect of them on
prices is found to be insignificant. Neely (2015) analyzes the announcement impact of
UMP in US on long term sovereign bond yield of US, Canada, Japan, Australia,
Germany, UK and the value of dollar. Results indicate that these policy announcements
reduced bond yields and lowered the value of dollar. The fall in 10-year bond vyields
range from 18 bps for Japan to 65 bps for Australia. Georgiadis and Gréb (2016) study
the announcement impact of ECB’s QE declared on January 22, 2015. Results show that
the announcement increased global equity prices, caused depreciation of euro and had
only a limited impact on bond prices. It is also found that equities and exchanges rates
reacted stronger in EM countries compared to advanced economies and major

transmission channel of the announcement is signaling.
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Some other studies in the related literature apply panel regression method. Moore et al.
(2013) analyze the impact of QE implemented by FED on EM bond markets. Model
results suggest that QE1 and QE2 reduced ten year US bond yield by 100 and 13 bps,
respectively. As a result of these policies government bond vyields in selected EM
countries fell by 17 and 2 bps, respectively. Furthermore, 10 bps fall in long term US
bond yield creates a 0.4 percentage point rise in foreign EM debt ownership and this
lowers EM bond yields by 1.7 bps. Ahmed and Zlade (2014), Lim and Mohapatra
(2016) and Kiendrebeogo (2016) investigate the effects of QE policies on capital flows
into developing countries within a panel regression framework. According to Ahmed
and Zlade (2014), unconventional monetary policies in US applied after the global
economic crisis increased total and portfolio inflows to EM countries. Portfolio flows
are found to be more sensitive to such policies. Lim and Mohapatra (2016) find that at
least 13 percent of the rise in capital inflows to EM economies between 2009 and 2013
Is attributed to QE. Similar to Ahmed and Zlade (2014), portfolio flows are found to be
more sensitive to QE compared to foreign direct investment. Kiendrebeogo (2016) find
that unconventional monetary policies (UMP) of Fed led to increased portfolio flows
into EM economies. The study argues that the exit from UMP will probably cause
capital outflows. Chen et al. (2014) use both event study and panel regression to show
that expansionary monetary policy in US impact capital inflows and asset prices in 21
EM countries. Other major findings of the study are that spillovers effects per unit of
US unconventional monetary policy is stronger compared to conventional policies and
countries that have better fundamentals are affected less from these policies. Bowman et
al. (2015b) explore the impact of US UMP on government interest rates, equities and
exchange rates in EM economies. The findings put forward that unconventional
monetary policy announcements of Fed affect government bond yields in domestic
currency and US expansionary monetary policy reduce bond yields EM economies.
Furthermore, the impact of the changes in US financial conditions is larger for the
countries that have vulnerable banking systems, higher CDS spreads, current account
deficits, inflation and bond yield. Duca et al. (2016) investigate the relation between US
QE policies and global corporate bond issuance. Model results indicate that QE by Fed
had a strong effect on the size of corporate bond issuance both in EM and advanced

countries. According to counterfactual analysis, bond issuance in EM countries would
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be half the realized amount without QE. MacDonald (2017) analyzes the impact of asset
purchase programs of advanced countries on 21 EM financial markets. Model output
implies that asset purchases raise equity prices, lower local sovereign bond yield and
lead to currency appreciation. Effect of QE on EM currency, equity and bond markets is
heterogeneous. Degree of economic integration between advanced and EM countries
explain some of the heterogeneity.

Apart from the studies that use event study and panel regression methods to analyze
international financial market effects of QE, there are some others that employ various
different methods. For instance, Albu et al. (2014a) and Albu et al. (2014b) analyze the
impact of QE programs by ECB, BoE, BoJ and Fed on sovereign CDS in Central and
Eastern Europe. The studies utilize ARMA-GARCH model and find that QE policies
have significant effects on sovereign CDS. Bauer and Neely (2014) aim to find out
which channel of transmission is relatively more important based on dynamic term
structure models. The results imply that both signaling and portfolio balance channels
contributed to the reduction in yields. Signaling effect is estimated to be strongest for
US and Canada, negligible for Japan. On the other hand, portfolio balance effect is
found to be more crucial for Australia and Germany compared to US and Canada.
Tillmann (2016) proposes a Qual VAR model to analyze the effect of QE on EM
financial indicators. According to model results, QE has a strong effect on EM financial
conditions. It boosts equities, lower bond yields and increase capital inflows. Other
important findings are that conventional and unconventional monetary policy have
similar impact on EM bond prices and effect of QE1 is limited compared to QE2 and
QE3.

A summary of the literature about the effects of QE on international financial markets
can be found in the table below.
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Table 3: Literature Review on International Financial Market Effects of
Quantitative Easing

Authors and Model and Country | Results

Date

Chen et al. Event Study QE increased stock prices, lowered
(2012b) EM Countries in Asia | government and corporate bond yield,

and Latin America

created upward pressure on exchange rates
and compressed CDS spreads.

Glick and Leduc | Event Study QE by US and UK reduce long term bond

(2012) US, UK, Euro Area |yield and lead to depreciation of
Canada, Australia, | currencies. Commaodity prices declined.
Japan

Fratzscher etal. | Event Study QE1 and QE2 increased equities globally.

(2013)

42 EM, 21 Advanced
countries

QE1 reduced vyields but QE2 had little
impact. QE programs led to significant
portfolio rebalancing.

Moore et al. Panel Regression, | 10 bps decline in US Treasury yield
(2013) VAR, Event Study increase foreign ownership in EM bonds
10 EM Countries and this reduces EM bond yields by 1.7

bps.
Ahmed and Panel Regression UMP in US after the crisis increased

Zlade (2014)

EM Countries

capital inflows to EM countries. Portfolio
flows are more sensitive.

Albu et al. ARMA-GARCH QE has significant impact on sovereign
(2014a), Albu et | Model CDS.
al. (2014b) Central and Eastern
Europe Countries
Chen et al. Panel Regression, | Spillovers of UMP are stronger compared
(2014) Event Study to conventional policies. Countries that
21 EM Countries have better fundamentals are affected
relatively less.
Bauer and Neely | Dynamic Term | Signalling effect is strongest for US and
(2014) Structure Models, | Canada. Portfolio balance is relatively
Event Study more influential for Australia and

US, Canada, Australia,
Germany, Japan

Germany compared to US and Canada.

Rogers et al. Event Study UMP reduce bond yield, boost asset prices
(2014) Advanced Economies | and ease financial conditions.
Sonmezer (2014) | Event Study QE announcements affect financial market
Turkey variables, especially bond vyields, in
Turkey.
Bowman et al. Panel Regression, | UMP announcements lower sovereign
(2015b) VAR yields in EMs. Countries with weak

17 EM Countries

fundamentals are affected more from the
changes in US financial variables.




43

Duca et al. Panel Regression QE by FED is found to have a strong
(2015) EM and Advanced | effect on corporate bond issuance. Bond
Economies issuance in EM would be half the realized

amount without QE.
Neely (2015) Event Study UMP announcements by Fed lowered

US, Australia, Canada,
Germany, Japan, UK

global sovereign interest rates and led to
depreciation of dollar.

Georgiadis and Event Study

Announcement of ECB’s EAPP increased

EM and Advanced
Countries

Grib (2016) global equities, caused depreciation of
euro and had a limited impact on bond

prices.

Kiendrebeogo Panel Regression UMP in US led to increased capital flows

(2016) 98 EM and Advanced | to EM economies.

Countries
Lim and Panel Regression At least 13 percent of the rise in capital
Mohapatra Developing Countries | inflows to EM countries during 2009-13 is
(2016) attributed to QE.

Tillmann (2016) | Qual VAR

EM Countries

QE has strong impact on EM financial
indicators. Effect of QEL1 is limited
compared to QE2 and QE3.

MacDonald
(2017)

Panel Regression
21 EM Countries

Degree of economic integration between
advanced and EM countries can explain
the effect of QE.

Other part of the literature deals with international macroeconomic effects of QE
policies. This field is dominated by the studies which use panel regression and VAR
type models in their empirical analysis. Among the studies that employ panel
regression, Gambacorta et al. (2014) investigate the macroeconomic impact of UMP on
Canada, Japan, Euro Area, Switzerland, Norway, Sweden, UK and US in a panel SVAR
framework. According to the model results, UMP shock causes a significant but
transitory increase in economic activity and inflation. Impact is found to be close to
conventional monetary policy. Impact of QE is similar across countries despite big
differences between countries and policies implemented. Morais et al. (2015) examine
the bank lending channel of both conventional and UMP employing loan level data for
Mexico. Model results imply that impact of conventional interest rate policy is stronger
compared to unconventional policies. QE increases credit supply to Mexican firms and
risk taking in EM countries through credit expansion to riskier firms. Real outcomes of

firms improve less.
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VAR type models are also commonly used in the empirical investigation of the
macroeconomic impact of QE policies. Chen et al. (2012b) and Chen et al. (2016) study
the impact of QE policies implemented by FED on major advanced and emerging
market economies in a global vector error correction model (GVECM) framework.
Chen et al. (2012b) find out that real impact of QE on developing countries was larger
than that on developed countries. Impact of the policies differs across countries and has
opposite signs in some cases. For instance, increases in prices range from 0.5 percent in
Singapore to 4 percent in Indonesia. Output increased 15 percent in Brazil but decreased
by about 5 percent in Philippines. Chen et al. (2016) put forward that international
spillovers vary across countries and time. Effects on EM countries are larger than on
advanced countries. QE policies implemented by US supported recovery in EM
countries in 2009 and 2012, but also led to overheating in China, Brazil and some other
EM countries in 2010 and 2011. Ho et al. (2014) and Dahlhaus et al. (2014) build
Factor-Augmented Vector Autoregression (FAVAR) models to examine the effect of
US QE on Chinese and Canadian economies, respectively. Ho et al. (2014) argue that
shocks concerning US monetary policy do not have a significant effect on Chinese
economy through trade channel. Instead, interest rate and capital flow channels are
effective. Decline in US policy rate increases housing investment and capital flows to
China but response of economic variables at zero lower bound is different. Dahlhaus et
al. (2014) estimate that compared with no-QE scenario, QE increases US economic
activity by 2.3 percent and Canadian GDP by 2.2 percent between 2008Q4 and 2013Q3.
Positive effect on Canada occurs mainly through financial channel. Net import is
reduced due to higher exchange rate through trade channel. According to model output,
ten year sovereign interest rate decline by 50 bps in Canada and inflation rises 0.5
percent. Carrera et al. (2014), Barroso et al. (2015) and Carrera et al. (2015) apply
structural VAR models to analyze the macroeconomic effects of QE implemented by
Fed. According to Carrera et al. (2014), QE increases capital flows to Peru which results
in appreciation of the currency. Credit increases, EMBI spread falls. Effect on GDP and
inflation is positive and significant in the medium run. Barroso et al. (2015) build a
SVAR model and use counterfactual investigation to study the international spillovers
of QE in US on Brazilian economy. The study show that QE in US leads to increased

economic activity, exchange rate appreciation, capital inflows, rising credit growth and
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stock market. Capital flows is thought to be the most significant channel through which

QE affects the economy. Carrera et al. (2015) analyze the effects of Fed's QE policies

on Chile, Colombia, Mexico and Peru. According to model results, QE in US increases

capital flows, leads to currency appreciation and credit growth. Financial variables such

as credit respond more than output and prices as a result of a QE shock.

Below is a bref literature on international macroeconomic effects of QE policies.

Table 4: Literature Review on

Quantitative Easing

International

Macroeconomic Effects of

Authors and Model and Country Results

Date

Chen et al. GVECM Impact of QE on emerging economies
(2012b) Major Advanced and | was stronger compared to advanced

EM Countries

economies.  Effect  differs

countries.

accross

Carrera et al.

Structural VAR

QE in US increase capital flows to Peru,

(2014) Peru currency appreciates, output, credit and
prices rise.
Gambacorta et PSVAR UMP shock increases economic activity
al. (2014) Canada, Japan, | and prices significantly and temporarily.
Sweden, Euro Area, | Effects of QE do not differ across
Norway, Switzerland, | countries.
UK and US
Hoetal. (2014) | FAVAR Changes in US monetary policy do not
China influence Chinese economy from trade
channel. Interest rate and capital flow
channels are effective.
Dahlhaus et al. FAVAR QE in US lowers 10 year yield by 50 bps
(2014) Canada and increases Canadian output and
inflation by 22 and 0.5 percent
respectively compared with no-QE
scenario.

Barroso et al.
(2015)

SVAR, Counterfactual
Analysis
Brazil

QE in US increase output, capital inflows,
credit, stock prices and exchange rate.
Capital flows is the most important
channel.

Carrera et al.

Structural VAR

QE in US increases capital flows, leads to

(2015) Chile, Colombia, | appreciation of currencies and credit
Mexico, Peru growth in Latin American economies.
Morais et al. Panel Regression QE increases credit supply to Mexican

(2015)

Mexico

firms and risk taking in EM countries.
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Chen et al. GVECM Effect of QE on EM countries is larger
(2016) Major Advanced and | than on advanced countries. US QE
EM Countries stimulated economic activity in EM

countries in 2009 and 2012.

As we have mentioned, empirical literature concerning the effects of QE is generally
positive. The studies on average show that QE lowers unemployment rate, interest rates
and risk premium, improve confidence and financial conditions, increase asset prices
and lending, boosts output and inflation. On the other hand, there are also less cited
negative effects of QE such as procyclical capital flows, financial instability, loss of
export competitiveness, asset bubbles and risk of sudden stops (Lavigne et al., 2014).
IMF (2013a) and IMF (2013b) study the net effects of QE and find out that overall net
impact is positive. That is positive effects of QE outweigh the negative effects.
Especially early QE policies are found to be successful to restore intermediation and
market functioning. A worse financial meltdown and economic disaster was avoided
(IMF, 2013b).

Rajan (2015) argues that QE policies in advanced countries have negative spillovers on
emerging markets’ financial stability. As Ahmed and Zlade (2014), Carrera et al.
(2015), Kiendrebeogo (2016) and Lim and Mohapatra (2016) show, QE policies create
abundant amount of global liquidity and lead to capital flows into developing countries.
The rise in capital flows lead to appreciation of EM currencies and may cause loss of
competitiveness. Some EM policy makers even argued that the monetary tsunami
created by QE caused currency war and started a different form of protectionism
(Fratzscher et al., 2013). Increasing capital flows as a result of QE is also blamed for
accumulation of huge amount of debt, asset bubbles, fast credit growth and overheating
of EM economies. The data implies that private sector debt accumulated and credit
growth surged in the post global recession of 2008-09 period but empirical evidence is
not enough to tell that it is only due to QE. Chen et al. (2016) argue that QE policies in
advanced countries led to overheating in China, Brazil and many others in 2010 and
2011. QE policies also increase risk taking, distort the pricing of risk and hence threaten
financial stability. Low interest rates leads to search for return and agents become more
eager to take risk. Accumulation of risks in the financial system threatens financial

stability. QE policies increased the amount of fixed income securities in portfolios and
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this boosts interest rate risk. QE not only leads to increased capital inflows to EM
economies but also may cause disruptive capital outflows once monetary policy
normalization starts. This was experienced when Ben Bernanke, governor of Fed at that
time, told in May 2013 that Fed will soon start tapering of QE program. Announcement
of a probable tapering led to capital outflows from EM economies and affected financial
stability adversely.

QE policies are found to lower bond yield and stimulate output that creates breathing
space and gives time both to private economic agents and governments to make
necessary economic adjustments (IMF, 2013b). QE might be beneficial only if this
room is used as an opportunity to make adjustments. However, sometimes QE policies
are relied upon too much and low interest rates and easy financial conditions may lead
to the postponement of necessary structural reforms and budget adjustments. For
instance, QE led to the delay of the necessary structural reforms in many EM economies
like Brazil, India and South Africa (Lachman, 2014). Easy financial conditions due to
accommodative monetary policies in Euro Area slowed down structural reform process,
implementation of banking union and bank balance sheet repairs. Empirical studies
show that QE in US and Japan reduced interest rate and this delayed necessary fiscal
consolidation. Low interest rates may also encourage households to relever or delay

deleveraging process (Kozicki et al., 2011).

As another negative effect of QE, it might damage the functioning of securities markets.
If the central bank becomes dominant in some segments of the market as a result of
asset purchases, liquidity and trading among agents may dry up and this creates
problems for price formation (Bernanke, 2012). This could lead to higher liquidity
premium and affect transmission mechanism adversely. If debt stock is small, asset
purchases may distort the yield curve. QE programs lower interest rates and might
influence some particular investors like pension funds that have long term assets and
liabilities (Kozicki et al., 2011).

LSAP may also harm the credibility and independence of the central bank. Especially, if
public thinks that asset purchases are similar to printing money and monetary financing
of government debt, markets may lose confidence to the central bank. This may boost

risk premium and increase inflation expectations. In addition, asset purchases may
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increase interest rate risk and risky asset purchases may cause capital losses. Central
bank balance sheet expansion to the level that is seen as unsustainable by the market
may reduce public confidence to central bank policies (Bernanke, 2012). As central
bank balance sheet grows, it becomes harder to manage it. Exit from a large balance

sheet makes monetary policy much more complicated (Kozicki et al., 2011).

Similar to spillover effects of QE policies to other economies, there are also spillback
effects of QE. Both positive and negative effects of QE spillback to advanced
economies. Since EM economies represent a large share of global economy, negative
spillover effects of QE policies on EM economies may spillback to developed countries
through trade and financial channels (Rajan, 2015). IMF (2014) finds that spillback
effects from EM to advanced economies are relatively limited. According to the
analysis, about one-third of spillovers to EM spillback to advanced economies.
Spillback effects are larger in crisis periods and for countries with more trade exposure

to EM economies such as Euro Area and Japan.
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CHAPTER 2:
INTERNATIONAL SPILLOVERS OF THE FEDERAL RESERVE’S
BOND PURCHASES

2.1. INTRODUCTION

With the recent global economic crisis of 2008-09, a new era of monetary policy has
begun. As a response, advanced country central banks have first reduced short term
policy rates and many of them reached zero lower bound. This has made the
conventional interest rate tool of monetary policy almost useless and thus central banks
started to implement unconventional monetary policies. These policies have been
employed increasingly after the global crisis and have become the new normal. Among
these unconventional monetary policies, especially quantitative easing (QE) policies

have taken the center stage.

With the widespread implementation of QE policies, attention of both media and
academics have increased about the impact of these policies on the economy and
whether they are effective in stimulating the economy. Weakening growth prospects
despite expansionary unconventional monetary policies in the last couple of years has
further intensified the debate on whether the QE policies are effective. Most of the
literature focuses on the impact of these policies on advanced countries and there are
limited numbers of studies that analyze the impact on emerging market economies. This
is one reason that motivates us to conduct a study about the effects of QE on EM
economies. This study aims to investigate the impact of QE policies implemented by
Federal Reserve on major EM economies and contributes to the literature. This study
also contributes to the policy making of central banks. QE policies lead to important
international spillovers and this in turn cause spillback effects on the countries that
implement QE. Since EM economies constitute a large part of the world economy, QE
policies that affect them will have crucial spillback effects. As a policy implication, this
study puts forward that advanced country central banks should take spillover and

spillback effects into consideration while designing their policies. As another
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contribution, within the best of our knowledge, the study is first to employ PVAR
model to examine the impacts of QE programs on major macroeconomic variables of

EM economies.

Major findings of the empirical investigation are as follows. We find long run
cointegration relationship between bond purchases in US and industrial production,
inflation, government interest rates and real exchange rate in emerging market
economies. Panel VAR model results imply that US bond purchases lower bond yield
and inflation, support output and lead to exchange rate appreciation in EM economies.
In addition, MBS purchases of Fed and unconventional monetary policies of ECB and

BoJ are also found to have significant economic effects on EM economies.

The paper proceeds as follows. Section 2 consists of the related literature review.
Section 3 explains our data set and methodology. Section 4 presents the model results

and section 5 concludes.

2.2. LITERATURE REVIEW

The literature concerning the effects of UMP, and QE in particular, has grown rapidly
especially after the global crisis. Many of the studies in this field are on the impact of
QE policies on domestic financial and real variables. Among the studies about the
financial market effects of QE, Bernanke et al. (2004), Kimura and Small (2006), Oda
and Ueda (2007), Krishnamurthy and Jorgenson (2011), Gagnon et al. (2011), Joyce et
al. (2011), Swanson (2011), D’Amico et al. (2012), Christensen and Rudebusch (2012),
Hamilton and Wu (2012), D’ Amico and King (2013), Bauer and Rudebusch (2014) and
Szczerbowicz (2015) analyze the effects of QE on long term sovereign interest rates in
the country that QE program is implemented and find out that QE was effective in
reducing bond vyield. Gilchrist and Zakrajsek (2013) analyze the effect of QE on
corporate credit risk and Glick and Leduc (2013) on US exchange rate. Model results
imply that QE policies decrease credit risk and lead to exchange rate depreciation.
Hancock and Passmore (2011) and Stroebel and Taylor (2012) study the impact of MBS
purchases on mortgage yield. Most of these studies employ event study and term

structure models.
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From the studies that analyze the impact of QE on domestic macro variables such as
growth, inflation, unemployment rate and lending, Ugai (2007), Girardin and Moussa
(2011), Schenkelberg and Watzka (2013), Bowman et al. (2015a) and Matsuki et al.
(2015) investigate the impact of QE for Japan, Lenza et al. (2010) for Euro Area,
Kapetanios et al. (2012) and Paseran and Smith (2016) for UK, Chung et al. (2012),
Chen et al. (2012a), Gertler and Karadi (2013), Baumeister and Benati (2013) and
Meinusch and Tillmann (2016) for US. Weale and Wieladek (2016) analyze the effect
of QE policy in US and UK on output and inflation. Most of these studies use vector
autoregression (VAR) type models and indicate that QE has a significant effect on
macroeconomic indicators. General finding is that QE increases output and inflation and

lowers unemployment rate.

There are relatively less studies about the international spillovers of QE policies.
Among the papers that analyze international financial market effects of QE, Chen et al.
(2012b), Glick and Leduc (2012), Fratzscher et al. (2013), Neely (2015), Georgiadis and
Grab (2016) use event study methodology and find out that QE policies increased global
equities and lowered government and corporate bond yields. QE led to exchange rate
appreciation and easing of financial conditions in EM countries. On the other hand,
Moore et al. (2013), Chen et al. (2014), Bowman et al. (2015b) use panel regression
method to investigate the global financial market effect of QE programs and point to
similar findings. Ahmet and Zlade (2014), Kiendrebeogo (2016) and Lim and
Mohapatra (2016) examine the effects of QE on capital flows into EM economies by
using panel regression and find empirically that QE boosts capital flows to EM
economies. Duca et al. (2016) shows that QE policies increase corporate bond issuance
worldwide. Tillmann (2016) builds a Qual VAR model to study the impact of QE on
EM financial indicators and find that it has a strong impact on financial variables such

as government interest rates, equities and exchange rates.

Most of the studies on the international macroeconomic spillovers of QE policies use
VAR type models. Among these, Gambacorta et al. (2014) employ a panel structural
VAR model for selected advanced countries and find out that unconventional monetary
policies increase output and prices only temporarily. Dahlhaus et al. (2014) uses Factor-
Augmented Vector Autoregression (FAVAR) model to investigate the effects of QE in
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US on Canadian economy and conclude that QE in US boosts output and prices in
Canada. Barroso et al. (2015) and Carrera et al. (2015) employ structural VAR models
to analyze the effects of QE on Latin American countries. Model findings imply that QE
in US increases output, lending, equity prices and capital flows to Latin America. Chen
et al. (2016) study the impact of QE policy in US on both advanced and emerging
market economies using global vector error correction model (GVECM). Model results
imply that the impact of QE on emerging market economies is larger compared to
advanced economies. QE policies both supported recovery in EM countries and also

contributed to overheating.

As summarized above, although there are relatively more studies on domestic economic
effects of QE policies, the number of studies on international spillovers of QE policies
is limited. Especially, those about the impact of QE on developing countries are scarcer.
Therefore, it is important and necessary to enrich the related literature. This study is a

contribution to the existing literature.

2.3. DATA AND METHODOLOGY

In our study, we employ monthly data that covers the crisis and afterwards from 2008:1
to 2015:12 for 18 emerging market economies according to data availability. The
countries included in the study are: China, Colombia, Brazil, Hungary, Czech Republic,
India, Korea, Indonesia, Peru, Mexico, Philippines, Malaysia, Poland, Turkey,
Singapore, South Africa, Taiwan and Thailand. Consumer price index and industrial
production data are taken from WorldBank Global Economic Monitor database, real
exchange rate from BIS database and data for quantitative easing and government bond
yield are received from Bloomberg. All data are in logarithmic form and seasonally

adjusted, except government bond yields that are used in levels.

This section advances as follows. First, panel unit root test is conducted to find out
whether the analyzed variables are stationary. Second, we perform panel cointegration
test to investigate the long-run relationship between the variables. Third, PVAR model
is built to analyze the impact of QE in US on major economic variables in emerging

market economies.
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2.3.1. Unit Root Test

It has been the norm to start empirical studies in economics with unit root tests to
analyze the stationarity of the variables. We use both Maddala and Wu (1999) and

Pesaran (2007) panel unit root tests which are employed extensively in applied studies.

Maddala and Wu (1999) put forth a Fisher-type test:

F‘=—2(Zlﬂ,pi) - X*(2n) (1)

that combines the p-values of each cross-sectional unit.
The null and alternative hypotheses are given as:

Hy,=p,=1i=12,...N (2)

against the alternatives

Hy=p,<1i=12,...,N;p,=1i=N,+1,N, +2,...,.N (3)

Unit root tests are performed separately for every cross-section units. The Augmented

Dickey-Fuller (ADF) regression is:
Vi = @; + Pi¥Vir-1 —|—Z Hi}- A Vie-j + E; ¢ t=12,..,T (4}

This equation is applied separately for cross-section units and ADF t-statistic is
calculated for individual series. P-value is used to compute test statistics and it is

compared with the critical value (Baltagi, 2013).

Other than first generation Maddala and Wu (1999) test, we also employ second
generation Pesaran (2007) unit root test that takes cross section dependence into
account. Pesaran (2007) enlarges standart ADF regression with the cross section

averages of lagged levels and first-differences of each series. It is called cross-
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sectionally augmented Dickey—Fuller (CADF) test. The test is based on the AR(p)

equation below augmented with the lagged and current values of ¥,.
Vie =@+ ¥iVie1 + o 8V, + 645, + "'--+5z'p}_’r—p + & (5)

In order to get the CIPS statistic, we transform the equation above into first difference
and compute individual ADF statistics (CADF;) for every cross section. The simple
average of the CADF; statistics gives the CIPS statistics:

XL, CADF,
clps ===t 7 ¢ (6)
N

For the cross sectionally invariant variable, that is quantitative easing, we employ Ng-
Perron (2001) unit root test.

2.3.2. Cointegration Test

Then we investigate whether there is a cointegration relationship between the variables.
For this purpose we perform the Durbin-Hausman co-integration test introduced by
Westerlund (2008). One important reason we prefer this test over others is that it can be

employed even when variables are integrated of different order.

Durbin-Hausman test has two dimensions: the panel dimension (DHp) and the group
dimension (DHg). The assumption for the Durbin-Hausman panel (DHp) test is that the
autoregressive parameter is the same for every cross-section. With this assumption,
when null hypothesis is rejected, we say that there is cointegration for all cross-sections.
The Durbin-Hausman group (DHg) test allows the autoregressive parameter to change
across cross-sections under the alternative hypothesis. Therefore, the rejection of the

null hypothesis shows that there is co-integration for some individuals.

In order to derive the calculation of Durbin-Hausman test, assume that we consider the

panel data model below:
Ve =a; + Bix, + 2, (7

Xy = 02 g + Wy, (8)
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We assume that z;, obeys the following set of equations.
L T AzFr +e. (9
Fie = p,Feq +1 (10)

€ir = ;85 + Uy (11)

Here F. is a k-sized vector of common factors F;,. 4; is the conformable vector of factor

loadings. In order to obtain Durbin-Hausman test, we take first diference of the equation

(9). It becomes:
Az, = LAF, + e, (12)

Since Az, is not known, we can not estimate 4; and AF. directly. We get OLS estimates

and implement principal components. We write it as:
ﬂ'znz'r = Ay, — Jgﬁi Ax;, (13)
AF, is principal component estimator of AF, and can be acquired by calculating vT — 1

times the eigenvector from the greatest eigenvalues of the (T — 1) x (T — 1) matrix

AZAZ. A is calculated as :

Defactored and first differenced residuals can be calculated as:
A&, =AZ;, — iiﬂﬁé (15)
éz’r:Ej’:E ﬂé:‘j (16)

The null hypothesis of no cointegration is asymptotically equal with testing whether
¢, = 1 below:

M

it = @854 terror  (17)
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One other estimator that we need to form Durbin-Hausman test is the Kernal estimator

and can be written as below:

jzr _:|+1T"'I' u it—j (18)

T-1 J’—MLE M;#1

The i, is OLS residual found from equation (17). M; is bandwidht parameter which

.

shows the number of autocovariances of i, to calculate the kernel estimator. &7 is

consistent estimator of «? and variance estimate is exptessed as &°. We build two

.

variance ratios $; = &2/&* and S, = @2/(62)*, where

-

=¥, @ and 87 =2 3%, 67 (19)
After all these calculation, Durbin-Hausman test statistic can be found as below:
DHy = Y711 $; (i — ¢1)* Xz byt DH, =5, = (¢ — P)* X1 1 Xl 2 €11 (20)

DH_ shows group statistics and DH,, shows panel statictics.

2.3.3. Panel VAR Model

We employ panel vector autoregression (PVAR) model using a least squares dummy
variable (LSDV) estimator of Cagala and Glogowsky (2014) to analyze the relationship
between US Federal Reserve bond purchases and industrial production, CPI,
government bond interest rate and real exchange rate in emerging market economies.
Optimal lag order is chosen to be 1 by using Akaike, the Bayesian and the Hannan-

Quinn information criterias. First order PVAR model can be written as:
Zypy=a+ Tz, + Xi,aD + e, (21)

Where i=1,2,.....,N (N=18), t=1,2,....., T (T=96) and I is the lag operator. Z; is a five
variable vector consisting of QE, IP, CPI, IR and RER; in which QE is total Federal
Reserve bond purchases, IP is industrial production, CPI is consumer price index, IR is
10 year government bond yield and RER is real exchange rate of selected EM

economies. As for other variables, « is intercept, D; is a dummy variable for the ith
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country and e;, are idiosyncratic errors. If we include dummy variable for each country

as well as an intercept, we fall into dummy variable trap. One of the individual dummies
is dropped because we include a constant and use N-1 dummy variables. By adding
dummy for each country, we control for unobserved heterogeneity. Each dummy shows

the impact specific to the country.

When N is large, LSDV estimator is not practical due to the need of large number of
dummy variables. We prefer LSDV estimator over Generalized Method of Moments
(GMM) since the properties of GMM estimators are valid when N is large and GMM
estimators give biased and inconsistent results in panels with small N (Bruno, 2005).

Since we have a time series panel with relatively small N and large T (T = N), it is

better to use LSDV estimator. This estimator is consistent and the bias is negligible with

large macro panels such as we have.

One important issue and question is whether we need stationary variables in the VAR
system. Sims (1980) and Sims et al. (1990) claim that we should not take the difference
of the variables even when there is unit root. They argue that the aim of the VAR model
is to find the relationships between the variables, not to estimate the parameters. Sims et
al. (1990) put forward that when cointegration exists between variables, VAR model
can be run in levels. Due to these influencial studies, we estimate our model in levels.

Estimation in level form is found to be stable.

The Cholesky ordering in our VAR system is such that the variables that appear early in
the system are relatively more exogenous than the following. These variables influence
the following variables both contemporaneously and with a lag. On the other hand, the
variables that appear later in the system impact the former variables with a lag.
Quantitative easing variable comes first in our specification since it is relatively
exogenous for EM countries. Domestic factors are thought to lag behind global factors
in spillover analysis. Industrial production and inflation appear earlier than government
bond yield and real exchange rate because the former variables impact the latter ones
contemporaneously while the latter ones influence the former variables only with a lag.
Bond yield and exchange rate are the most endogenous variables in our system. Our
cholesky ordering is in line with the the literature and we order output and prices before
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financial market indicators similar with Souza and Zaghini (2008), Belke et al. (2010)
and Brana et al. (2012).

Once the coefficients estimates of the model are obtained, we calculate the impulse
responses to analyze the effects of Federal Reserve bond purchases on major
macroeconomic variables of EM economies. Impulse responses show the response of an

endogenous variable to a shock in another variable.

2.4. RESULTS

Unit root test results present mixed evidence about the stationarity of the variables.
Pesaran’s (2007) CIPS test and Maddala and Wu (1999) test results imply that some
variables are 1(0) while the others are 1(1). According to Ng-Perron (2001) unit root test,
quantitative easing variable is non-stationary; it is I(1). Durbin-Hausman test results
imply that there exists co-integration among variables. There is a long run relationship
between bond purchases in US and major macroeconomic variables in EM countries.

Results of the tests are presented below.



Table 5. Panel Unit Root Test Results
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CIPS Tests
Intercept + Intercept +
Intercept Intercept
trend trend
IP -4.061*%** | -4.471*** | AIP |-20.560***| -20.557***
CPI 2.569 1.631 ACPI | -16.972*** | -16.759***
RER 0.659 -1.692** | ARER | -20.055*** | -19.756***
IR -0.049 0.011 AIR |-18.846*** | -18.360***
Maddala and Wu Test
Intercept + Intercept +
Intercept Intercept
trend trend
IP 28.449 85.906*** AIP [938.75*** | 701.59***
CPl |41.245 51.822** ACPI |486.31*** | 448.72***
RER |[49.355 71.994*** | ARER | 696.26*** |605.74***
IR 52.616 54.174** AIR |790.23*** |689.24***

*, ** %% show significance level at 10%, 5% and 1%, respectively. For CIPS tests the null
hypothesis assumes non-stationarity.

Table 6. Ng-Peron Unit Root Test Results

Series MZa MZt MSB MPT
QE -0.538 -0.298 0.554 19.664
AQE -17.963*** -2.996*** 0.167*** 1.364%**

*, ** *** show significance level of at 10%, 5% and 1%, respectively

Table 7. Westerlund Durbin-Hausman Test Results

Westerlund (2008) Durbin-h Test

Value
DHg -2.165**
DHp -2.915***

*, ** *%% show that test statistics are significant at the 10%, 5% and 1%, respectively.
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After testing for stationarity and cointegration, we estimate panel VAR model to
investigate short run dynamics. Figure 4 demonstrates impulse responses derived from
the model. Each column of the figure gives the impulse responses (over 20 months) to a
one-standard-deviation positive US bond purchase shock. The responding variables are
named at the top of row/chart. The upper (green) and lower (red) lines plotted in each
graph are one-standard-error bands, while the line in the middle (blue) corresponds to

the mean response.

Impulse response results show that a positive shock to US bond purchases lowers
government bond interest rates in EM countries and lead to appreciation of exchange
rate in the short run. This is mainly due to surging capital flows into EM countries
through transmission channels such as portfolio balance and signalling. Results imply
that the impact of bond purchases on industrial production is positive and permanent.
The peak effect of QE on industrial production occurs in about 1 year. Impulse
responses indicate that bond purchases have a negative influence on inflation in the
short run, but this effect disappears over time. It seems that opposite forces of inflation
lowering impact of exchange rate appreciation and inflation increasing effect of
booming economic activity balance each other over time. Results are broadly similar to
previous papers such as Chen et al. (2012b), Bowman et al. (2015b), Barroso et al.
(2015), Carrera et al. (2015), Chen et al. (2016), Georgiadis and Grab (2016) and
Tilmann (2016) which show that QE lowers government bond interest rates, lead to

exchange rate appreciation and support economic activity in EM economies.
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Figure 4. Impulse-Response Functions to a Positive US Bond Purchase Shock
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Note: Impulse-responses are computed from PVAR model. 95% confidence bounds are based on Monte
Carlo simulation.

We also analyze the impact of mortgage backed securities (MBS) purchases of Federal
Reserve (Fed) on major economic indicators of EM countries. According to impulse
responses shown in figure 5, different from government bond purchases, MBS
purchases do not have a significant effect on government interest rates. The results
concerning real exchange rate, industrial production and inflation are very similar to

bond purchases.
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Figure 5. Impulse-Response Functions to a Positive MBS Purchase Shock
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UMP of other leading central banks such as ECB and BoJ also have crucial effects on
emerging market economies. Hence, we investigate the impact of these policies in our
PVAR setting. Model results show that unconventional monetary policies of ECB and
BoJ that lead to balance sheet expansion lower government bond yield and inflation in

EM economies. No significant effect is found on industrial production.

We implement robustness analysis using different specifications. First, we run the
model with more lags (2 to 4) and find very similar results. Second, instead of running
the model in levels we use first differences of the variables. Impulse response in figure 6
below provides the results. The same results apply and we find that bond purchases by
Federal Reserve lower government interest rate and inflation, increase industrial

production and lead to real exchange rate appreciation.
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Figure 6. Impulse-Response Functions to a Positive US Bond Purchase Shock in

First Difference Representation
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Note: Impulse-responses are computed from PVAR model. 95% confidence bounds are based on Monte
Carlo simulation.

2.5. CONCLUSION

Unconventional monetary policies performed by leading central banks after global
economic crisis period have both domestic and international economic effects. Due to
the widespread use of these policies, it has been more and more important to analyze the
spillovers they create. So far, the studies on international spillovers of these policies are
relatively rare. This study aims to contribute to the existing literature by investigating
the effects of Federal Reserve bond purchases on major economic indicators of
emerging market economies. Results show that there exists both short and long run
relation between Federal Reserve bond purchases and EM macroeconomic variables. In
the short run, bond purchases lower government bond interest rates and inflation, cause

real exchange rate appreciation and support economic activity. In addition, there is a
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long run cointegration relationship between bond purchases and EM macro indicators.
We also find that MBS purchases by Fed and unconventional monetary policies of ECB
and BoJ also have significant economic effects on EM countries. The results are robust

to alternative specifications.

The results of this paper are similar with the literature and give important lessons to
central bankers. Central bankers in advanced countries should be increasingly aware
that their policies create important international spillovers to emerging market
economies. Since EM economies represent a considerable share in the world economy,
spillovers might also create spillbacks to advanced countries. Moreover, central banks
in EM countries should monitor the policies of major advanced country central banks
closely and take into consideration their policy decisions and future expectations when

conducting monetary policy.
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CHAPTER 3:
IMPACT OF QUANTITATIVE EASING ON GOVERNMENT
BOND YIELDS: EVIDENCE FROM A HETEROGENEOUS PANEL
OF EMERGING MARKET COUNTRIES

3.1. INTRODUCTION

In order to tackle the 2008-09 economic crisis, that was the worst since the Great
Depression, Federal Reserve (Fed) first employed the conventional interest rate tool of
monetary policy and lowered short term interest rate till zero lower bound (ZLB). Upon
reaching ZLB, Fed started to implement unconventional monetary policies (UMP). In
particular, three rounds of QE policies were conducted which included mainly the
purchases of government securities and MBS. As a result of these asset purchases,
monetary base and balance sheet of Fed increased about fivefold. Other leading central
banks such as Bank of Japan (BoJ), European Central Bank (ECB) and Bank of England
(BoE) also followed Fed to carry out UMP after the global crisis and there has been a
huge explosion of global liquidity. Primary target of these policies was to reduce long
term bond yields and support output growth through increased consumption and

investment.

Due to low growth and inflation outlook and policy rates at zero lower bound for many
advanced economies, unconventional monetary policies have been increasingly used in
the post-crisis period and have become the new normal. Hence, it has been more and
more important to understand the transmission mechanism of UMP and spillover impact
of these policies both on domestic and international economic indicators. This is one
crucial reason that motivates us to conduct an empirical study on the spillovers of QE

policies.

There are several studies concerning the effects of UMP on major economic variables of
the country these policies are implemented. Hovewer, studies about the international

spillovers of these policies are relatively rare. More research is needed to better
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understand international spillover effects of UMP and this is another crucial motivation

of the study.

Despite the growing size (from $1.3 trillion in 2000 to $7 trillion in 2015) and thus
importance of emerging market (EM) domestic government debt, studies about the
determinants of local EM government bond yield are scarce. We contribute to the
literature both by modelling local government bond yield in EM economies and
analyzing the effect of QE on interest rates. While other studies in the literature assume
homogeneous slope coefficients and cross section independence, we use Augmented
Mean Group (AMG) estimator that allows for slope heterogeneity and cross section
dependence. Since almost all of the real world data contain cross section dependence
and slope heterogeneity, this method provide more consistent and unbiased results
compared to others.

The empirical analysis shows that both country specific variables such as central bank
policy rate, inflation rate and budget deficit and global variables such as US bond yield
and QE variables are significant determinants of local sovereign interest rates in EM
countries. Model results indicate that both announcements regarding QE programs and
actual bond purchases lower EM government bond vyields. The effect of mortgage
backed security (MBS) purchases of Fed on bond yields is found to be insignificant.

Results are robust to several alternative specifications.

The remainder of this study is organized as follows: In section 2 we provide the related
literature. Section 3 contains our data set and empirical methodology. Section 4 reports

the model results, section 5 includes robustness analysis and section 6 concludes.

3.2. LITERATURE REVIEW

The literature regarding the impact of QE policies have grown rapidly especially with
the widespread implementation of these policies after the global economic and financial
crisis in 2008. There are various studies about the impact of these policies both on
financial and real sector variables. Since long term bond yields have a considerable

impact in monetary transmission mechanism and lowering bond yield is the major target
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of QE policies, many of the studies in the related literature concentrate on the effects of
QE on long term bond yields.

There are several studies concerning the impact of QE both on domestic and
international sovereign bond yield. Hovewer, those on domestic interest rates are more
common. Among the studies that analyze the effects QE policies on long term bond
yields in US, Modigliani and Sutch (1966) is one of the oldest. They analyze the
influence of Operation Twist implemented in 1961 on long term US government bond
yield and find no significant impact. The related literature exploded especially in the
post-global crisis period. Doh (2010) uses preffered habitat model and estimate that
QE1 in US lowers ten year bond interest rate by 39 bps. Event study methodology is
very common in the analysis of the effects of QE on long term bond yield. Among
studies using that method, Gagnon et al. (2011) find the effect of QEL1 on 10 year
government bond interest rate as 91 bps. Krishnamurthy and Jorgenson (2011)
investigate the impact of QE1 and QE2 on government bond yield and estimate the
effects as 107 and 30 bps, respectively. Meaning and Zhu (2011) estimate the same
impact as 80 and 21 bps. Swanson (2011) evaluates the impact of Operation Twist
implemented in 1961 and find the impact on long term bond yields as 15 bps. Thornton
(2012) argue that the fall of long term bond vyields is due to signalling channel, not
portfolio balance channel. D’Amico et al. (2012), Hamilton and Wu (2012), Christensen
and Rudebusch (2012), Li and Wei (2013) and Bauer and Rudebusch (2014) employ
term structure models to analyze the impact of QE on long term US government bond
yield. Findings of D’ Amico et al. (2012) imply that treasury bond purchases under QE1
and QE2 reduce long term bond yield by 35 and 45 bps, respectively. Christensen and
Rudebusch (2012) put forward that QE lowers US bond yields due to signalling
channel. Analysis of Hamilton and Wu (2012) show that buying $400 billion worth of
long-term government bond reduces yield by 13 bps. Li and Wei (2013) find out the
impacts of QE1, QE2 and Operation Twist as 60, 19 and 19 bps, respectively. Bauer and
Rudebusch (2014) find that signalling effect is large for QE1 but weak for QE2 and
Operation Twist. Wright (2012) applies a Structural Vector Autoregression (SVAR)
model and find out that asset purchases in US lower government bond yield but the
effect dies out in a few months. D’ Amico and King (2013) and Kandrac and Schlusche

(2013) investigate stock and flow impact of QE programs on government interest rates
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using panel regression methodology. D’Amico and King (2013) find stock effect of
bond purchases under QE1 as 30 bps on long term bond yields and flow effects as 3.5
bps on the day of the purchase. Model results of Kandrac and Schlusche (2013) show

that flow effects are present only in early programs and their magnitude is small.

Looking at the studies that analyze the impact of QE in UK, Meier (2009) estimates the
impact of QE announcement in March 2009 on government interest rate to be between
40 and 100 bps. Joyce et al. (2011) find that QE program reduce long term bond yield
by 100 bps using several methods such as event study, portfolio balance and VAR
models. Bridges and Thomas (2012) and Breedon et al. (2012) find out that QE lowers
long term bond vyield in UK by 150 and 50 bps, respectively. According to Joyce and
Tong (2012), effect of QE announcement on bond yield is up to 120 bps. Christensen
and Rudebusch (2012) use term structure model and argue that lower yields in UK as a
result of QE are due to the fall in term premiums. Among studies that investigate the
effects of asset purchases in Euro Area, Pattipeilohy et al. (2013) find the effect of
Securities Market Programme (SMP) as temporary. Ghysels et. al. (2014) argue that
SMP has a significant lowering impact on bond yields. Szczerbowicz (2015) find out by
using event study methodology that ECB bond purchases reduced sovereign spreads and
refinancing cost of banks. Eser and Schwaab (2016) analyze the effects of SMP on 5
year government interest rate and find that the estimates vary from -1 to -2 bps for Italy
to -17 to -21 bps for Greece per €1 billion bond purchase. Among the studies
concerning the impact of QE in Japan, Bernanke et al. (2004) estimate that QE in Japan
lowers bond yield by 50 bps. Kimura and Small (2006) argue that portfolio balance
effect of QE is significant while Oda and Ueda (2007) claim that portfolio rebalancing
effect is insignificant and signalling effect is significant. Findings of Ugai (2007) also

imply that signalling effect is significant.

Studies related to international spillover impact of QE policies on long term government
interest rates are relatively rare. Among them that employ event study methodology,
Chen et al. (2012) analyze spillover effects of QE implemented in US on emerging
Asian economies. Results show that QE1 and QE2 lower 10 year sovereign bond yields
of emerging Asian economies by 80 and 9 bps on average, respectively. Glick and

Leduc (2012) analyze the announcement effects of asset purchases in US and UK and
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estimate that the reduction in 10 year bond yields due to QE1 and QE2 in US varies
from 23 bps in Japan to 99 bps in US. Similarly, Neely (2015) also investigates the
announcement effects of QEL1 implemented in US on 10 year bond yields of major
advanced economies. According to the model results, the impact ranges from 18 bps for
Japan to 100 bps for US. Georgiadis and Grib (2016) study announcement impact of
ECB’s QE program on global financial markets. Results imply that the announcement
had a limited effect on bond prices and the effect is significant only for Euro Area,
Japan and emerging Asia. From the studies that employ panel regression model, Moore
et al. (2013) find the effect of QE1 and QE2 on EM sovereign interest rates as 17 and 2
bps on average, respectively. MacDonald (2017) finds that QE programs in US lowered
bond interest rates in EM economies and heterogeneous effect depends on the degree of
economic integration. Bauer and Neely (2014) employ dynamic term structure model to
study international transmission channels of US UMP. They show that signalling effect
is strong for US and Canada and portfolio balance effect dominates for Germany and
Australia. Bowman et al. (2015) employs a VAR model to analyze announcement
effects of US UMP and find that it reduces bond yields in EM economies. Tillmann
(2016) proposes a Qual VAR model to find out the impact of US QE on EM financial
indicators and find significant impact on exchange rate, bond and equity prices. The
influence of QE1 on bond yields is limited compared to QE2 and QE3.

Since we model domestic government bond interest rates of EM economies in this
study, it is useful to provide a brief literature about the determinants of sovereign
interest rates. Earlier literature regarding the pricing of government bonds in EM
countries focus on the determinants of spreads relative to some ‘‘safe’” bond, most often
US bonds. These are the bonds denominated in foreign currency. Edwards (1984), Uribe
and Yue (2006), Baldacci et al. (2008), Dailemi et al. (2008), Ciarlone et al. (2009),
Ebner (2009), Hilscher and Nosbusch (2010), Comelli (2012), Martinez et al. (2013)
and Csonto (2014) are among some of these studies. These studies in general find out
that both country macroeconomic fundamentals and global factors such as ample

liquidity and world interest rates affect bond spreads in EM economies.

Even though there are several studies about the determinants of government bond

spreads in EM economies, there is a scarcity of work on the drivers of domestically
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issued bond yields despite their growing importance. Peiris (2010) performs a panel
study of 10 EM countries and estimate the effect of 1 percent increase in budget deficit
to GDP ratio on bond yields as 20 bps. Model results show that other significant
determinants of bond yields include policy interest rate, foreign ownership in bond
market and inflationary expectations. Baldacci and Kumar (2010) use data from 31
advanced and developing countries for 1980-2008 period. They show that the rise in
central bank policy rate, higher budget deficit and debt stock increase sovereign bond
yield. Jaramillo and Weber (2013) use panel threshold model to analyze the
determinants of domestic government interest rates. Results imply that when global risk
aversion is low country specific fundamentals such as inflation and growth are the most
important drivers of bond yield. On the other hand, when risk aversion is high, fiscal
deficit and government debt take the center stage. Miyajima et al. (2015) show that
central bank policy rate, output growth and fiscal balance are leading determinants of
local currency bond yields in EM economies.

3.3. METHODOLOGY AND DATA

Panel time series analysis has become more and more popular in the last two decades
due to the availability of large macro datasets. Early literature on panel data ignored
cross section dependence of errors and assumed homogenous slopes. Studies in this
tradition typically used fixed and random effect estimators that perform instrumental
variable tecnique and the generalized methods of moments (GMM) estimators of
Arellano and Bond (1991) and Arellano and Bover (1995). These models only allow
intercept parameter to change among countries. This heterogeneity is very limited and is
not very realistic. One important contribution has been the introduction of first
generation panel estimators which allow heterogeneity in the slopes such as Mean
Group (Pesaran and Smith, 1995), Pooled Mean Group (Pesaran et al. 1999) and Fully
Modified OLS (Pedroni, 2000). Although these estimators allow for heterogeneity, they
are inconsistent when cross sectional dependence is present (Neal, 2015). Another
contribution to the literature has been the development of estimators which allow for

both heterogeneity and cross section dependence. These include Common Correlated
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Effects (Pesaran, 2006) and Augmented Mean Group (Eberhardt and Bond, 2009;
Eberhardt and Teal, 2010) estimators.

In our study, we use monthly data that covers the period from 2006:1 to 2015:12 for 17
emerging market economies according to data availability. The countries we use in the
study are: China, Brazil, Hungary, Colombia, Czech Republic, Indonesia, Mexico,
Malaysia, Turkey, South Africa, Korea, Philippines, Poland, Thailand, India, Singapore
and Taiwan. Data for industrial production and consumer price index are taken from
WorldBank Global Economic Monitor database. Data for budget deficit, debt stock and
current account deficit are obtained from World Economic Outlook Database. Domestic
government bond yield, central bank interest rate, VIX Index, ten year US sovereign

interest rate and quantitative easing variables are received from Bloomberg.

This section proceeds in four steps. First, we test whether cross sectional dependence is
present. Second, panel unit root test is conducted to detect the nature of stationarity of
our variables. Third, we test for slope heterogeneity. Fourth, Augmented Mean Group
(AMG) estimator is employed to model long term domestic sovereign interest rate in

EM countries and analyze the effect of QE on long term government interest rates.

3.3.1. Cross Section Dependence

Early studies on panel data econometrics assumed cross section independence and first
generation estimators, cointegration and panel unit root tests have been used
extensively. Hovewer, cross section dependence has become more and more common
due to strong interdependencies between countries due to globalization and common
shocks such as economic crises and oil shocks. First generation estimators, panel unit
root and cointegration tests that assume cross-sectional independence are inadequate
and may lead to significant size distortions, misleading inference and inconsistent
estimators in case cross-section dependence exists (Chudik and Pesaran, 2013).
Therefore, we need to test whether cross section dependence exists and use second

generation tests and estimators in case there is cross section dependence.

There are a number of tests developed for cross section dependence and we use two of

them that are common in the literature. First one is Pesaran’s (2004) CD test. CD test
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can be used when cross sectional dimension (N) is larger than time series dimension
(T). Pesaran (2004) argue that this test is robust when structural breaks and unit roots

exist. The CD test statistic put forward by Pesaran (2004) is calculated as follows:
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where 5, ; is the sample estimate of the pairwise correlation of the residuals obtained by

OLS. Second cross section dependence test we employ is Bias Adjusted LM test
developed by Pesaran et al. (2008). It is applicable in case number of cross section units
(N) is small compared to the time dimension (T) and can be employed even when CD
test is inconsistent. The test is calculated as:
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We report both of these test statistics but since we have a time series panel (N=17,
T=120), we prefer to use Bias Adjusted LM test. Results of the CD and Bias Adjusted
LM tests are provided in table 8.

Table 8. Cross-Section Dependence Test Results

Variable CD Test Bias Adjusted LM Test
GIR 42 .94%** 896.3***
CBI 13.81%** 888.1***
INF 13.24*** 869.4***
IND 24.69*** 872.5%**
CAD 14.64*** 899.8***
BDEF 57.72%** 902.0***
DEBT 36.15*** 901.0***

*, *x *%% show significance level at the 10%, 5% and 1%. Null hypothesis is no cross-sectional
dependence for both tests. GIR denotes domestic government bond yield, CBI is central bank policy rate,
INF is year-on-year headline inflation rate, IND is year-on-year growth of industrial production, CAD is
current account deficit to GDP, BDEF is budget deficit to GDP and DEBT implies gross debt stock to
GDP ratio.

According to Table 8, both tests reject the null hypothesis at 1 percent for all series
under consideration. Both tests imply that cross section dependence exists. Therefore,
we have to use second generation unit root tests and estimator which allows cross

section dependence.
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3.3.2. Unit Root test

Testing for unit roots has been common practice in empirical studies both when time
series and panel data is used. Tests for panel data are relatively more recent and several
tests have been proposed in the last two decades. As cross section dependence exists in
the data, we employ second generation CIPS (Pesaran, 2007) panel unit root test which

allows cross section dependence and is used extensively in the empirical literature.

In this unit root test, ADF regression is augmented with the lag of cross sectional mean
and its first difference. The equation for the test is provided below.

Yie =@+ ¥iVie—1 + 00 8, + 8451 + "."+5i-p?r—-p T € (3)

In order to get CIPS statistic, equation 3 is converted to first difference and individual
ADF statistics (CADF;) are calculated for cross sections. We obtain CIPS statistic as:

N CADF,
cips =—"=2_——*

(4)

The null hypothesis shows the unit root and critical values are provided by Pesaran
(2007). Table 9 shows the results of the test. According to CIPS test results, government
interest rate, central bank policy rate, inflation rate and growth of industrial production
are stationary in their level form®. Budget deficit, public debt stock and current account
deficit as percent of GDP are found to be I(1).

Table 9. Panel Unit Root Test Results

CIPS Test
Intercept + Intercept +
Intercept trend P Intercept trend P

GIR -2.047** -0.929 AGIR | -19.43*** -19.19***
CBI -1.585* 1.864 ACBI | -16.71*** -16.18***
INF |-2.905***| -1.104 AINF | -19.15*** -18.86***
IND |-7.459*** | -7.866*** | AIND | -20.16*** -20.17***
BDEF -0.027 | -3.018*** | ABDEF | 110.8*** 69.7***

DEBT -0.507 -0.237 |ADEBT | -1.895** -0.568
CAD 0.638 -0.481 ACAD | -4.173*** -1.997**

*, ** *** show significance at 10%, 5% and 1%.

* Since the variables do not have a trend, we take into consideration unit root test results with only
intercept.
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Hovewer, since the data period we cover includes the global economic crisis of 2008-
09, structural breaks are highly probable. Although we normally expect budget deficit
and current account to GDP ratios to be 1(0), we find them I(1). Therefore, we use panel
unit root KPSS test (PANKPSS) introduced by Carrion-i-Silvestre et al. (2005) which
allows both cross section dependence and structural breaks. Carrion-i-Silvestre et al.

(2005) employ the model below:

Ve =B, + 8t +u, i=12,.,N t=12,....,T (5
Jgit_zk 1¢Jsz(Tb:lk:]r+E:H19zkDUzkt+lgzt 1+Ezr (6)

Where D (T;,).=1 for t = T +1, 0 elsewhere and DU, .=1 for t > T}, O elsewhere.
T; . implies the kth break for the ith cross section T. Null hypothesis is stationarity of
the variable. Results provided in table 10 imply that budget deficit and current account

deficit to GDP ratio 1(0).

Table 10. Panel KPSS Test Results

Variable Test Statistics P Value
BDEF (hom) -1.52 0.936
BDEF (het) -0.89 0.814
CAD (hom) -1.61 0.946

CAD (het) -0.11 0.543
DEBT (hom) 1.49 0.067
DEBT (het) 1.63 0.051

Notes: Bootstrap critical values used since cross section dependence exists. Hom and het in brackets refer
to test statistics under homogeneity and heterogeneity of long run variance, respectively.

We employ Ng-Perron (2001) unit root test to investigate whether cross-sectionally
invariant variables are stationary. The results are presented in Table 11 and show that
VIX index is stationary while other variables are 1(1). Therefore, we use first difference

for these variables.



Table 11. Ng-Perron Unit Root Test Results
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Variable MZa MZt MSB MPT
VIX -9.80** -2.21** 0.23** 2.52%*
USIR 1.74 -0.77 0.44 11.73
AUSIR -50.33*** -5.01%** 0.10*** 0.50***
BOND -6.61 -1.81 0.27 13.80
ABOND -17.34%** -2.94%** 0.17*** 1.42%**
BS -9.90 -2.23 0.22 9.20
ABS (BF) -22.60*** -3.36*** 0.15*** 1.09***

*, *xF*% show significance level at 10%, 5% and 1%. VIX is VIX index, USIR is US 10 year sovereign
interest rate, BOND is total amount of bonds held by Federal Reserve, BS is the ratio of bond stock held
by Fed to total amount of bonds, BF is the change in BS in the related period.

3.3.3. Slope Homogeneity Test

Many empirical studies that use panel data assume homogeneous slope and only unit-
specific intercepts show heterogeneity. Hovewer, as Pesaran and Smith (1995) and
many others point out, the assumption of slope homogeneity is usually inappropriate.
Monte Carlo studies imply that homogeneous slope estimators can be seriously biased
and produce inconsistent and misleading results when slope heterogeneity is present
(Chudik and Pesaran, 2015). Therefore, it is vital to test for slope homogeneity and
employ estimators that are robust to slope heterogeneity in case slope homogeneity is

rejected.

In order to test slope homogeneity, we use the test introduced by Pesaran and Yamagata
(2008) that allows cross sectional dependence. Pesaran and Yamagata (2008) slope

homogeneity test uses the test statistics below:

§= XL (B - J'i?u,n!-xli)f %‘f (B: — Bwrs) ()
A= N:f(zk]_f[w‘ls“ — k) (8)
A= Ni(zkj?[w‘lﬁ — k) ©)

The mean and variance bias adjusted version of & and A are provided below:

Erzri_;l’ = N:f(l’rm’ (znir:]]_?‘_[”_lf — k- E(znz'r:]) (10)
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Ead;‘ = Ni(vw[fﬁjj?[”_lf;_ k — E[Ez'r]) (11)

Where [, is obtained by estimation of equation 7 without common factor (f;) in the form
of deviations from mean for every cross section. Bz refers to weighted fixed effects
estimators and weights are formed using @;. X is the matrix consisting of explanatory

variables in the form of deviations from mean. Table 12 provides the results of the slope
homogeneity test. Since test statistics are larger than critical values, null hypothesis of
slope homogeneity is rejected.

Table 12. Slope Homogeneity Test Results

Value
Swamy § 1,149.6%**
a 899, 1%**
B4 947 3%**
E 57.0***
A 0.50

*, ** **% show that test statistics are significant at the 10%, 5% and 1% significance level, respectively.
Null hypothesis is slope homogeneity.

3.3.4. Interest Rate Model

Slope homogeneity and cross-sectional dependence tests imply that the series have
cross-sectionally dependent errors and slope heterogeneity. Therefore, we use
Augmented Mean Group (AMG) estimator that allows for cross section dependence and

slope heterogeneity®. Consider the following panel model:

Yie = Jgixir-l'uir (12)
where u; = ay;+4,f,+e;, (13)
X, = ay; +Af+ o8+ e, (14)

* We prefer Augmented Mean Group (AMG) estimator over Common Correlated Effects (CCE) estimator
because CCE estimator employs cross-sectional averages of dependent and explanatory variables as
regressors and this creates data problems when there are cross sectionally invariant variables in the
model. Bond and Eberhardt (2013) put forward that AMG estimator perform similar with CCE estimator.



77

Where x;, and y;. are observables, f5; is country specific slope parameter, u;, implies
unobservables and &;, the error term. ay; shows group fixed effects that capture time
invariant heterogeneity. f. is unobserved common factor with heterogeneous factor
loadings #; and show cross section dependence and time variant heterogeneity. The

estimation is conducted in three steps. First, the model is augmented with time dummies
and first difference OLS is estimated. This gives the coefficients of time dummies and is
referred common dynamic process. Second, group-specific regression model is
augmented either with an explicit variable or a unit coefficient imposed on each group
member by substracting the estimator from the dependent variable. Third, group
specific model parameters are averaged across the panel. Bond and Eberhardt (2013)
find that AMG estimator perform similar with Common Correlated Effects (CCE)

estimator in terms of bias and root mean squared error.

In our benchmark specification, the dependent variable v;, is ten year local sovereign
interest rate of the related country. The independent variables x;, are grouped in three

parts: country specific variables that affect government bond yield, common global

variables that influence all of the countries and quantitative easing variables.

Term structure of interest rates theory states that long-term government bond interest
rates consist of expected future short-term interest rates and a term premium. Central
bank rate is one significant variable which affects both short-term interest rate and
expected future rates. Policy rate hike increases long-term yield by bumping up actual
short-term rate and expected future rates. Since we do not have enough information on
expected policy rates, we use current central bank interest rate as proxy. Output growth
and inflation are other crucial determinants of government bond yields. Higher inflation
and growth rates tend to boost short and long term rates. Inflation is used to control for
Fisher effect and output growth is included to control for the cyclical position of the
country. Interest rates are usually procyclical but higher growth may also lower interest
rates through lower risk premia. We use annual change of consumer price index as
inflation and year-on-year growth in industrial production as a proxy for economic
activity. Current account balance to GDP ratio is employed to control for external

vulnerabilities and currency risk. Deterioration in current account balance is expected to
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increase risks and push government interest rates up. As for fiscal variables, we use
budget deficit and debt stock to GDP ratio. There is a broad literature that shows
government interest rates and spreads going up as budget deficit and debt stock rises. In
line with the literature, we use the indicator for budget deficit in level form and debt

stock in first difference form.

As for the common global variables, following previous studies including Comelli
(2012) and Csonto (2014), we use ten year US government interest rate and VIX index.
Ten year US interest rate is used as a measure of global liquidity conditions and shows
global financing conditions costs. Since a lower 10 year US bond yield is associated
with ample global liquidity, we expect a positive relation with bond yields in EM
economies due to surging risk appetite for EM asset when returns in advanced
economies fall. VIX is an index that refers to average option implied volatility on
S&P500 index and is an indicator for global uncertainty and risk appetite. The
coefficient of VIX index is expected to be positive since a rise in risk aversion increases
of EM debt securities.

The literature shows that both announcements regarding quantitative easing programs
and actual purchases of Federal Reserve affect interest rates. Therefore, to investigate
the impact of US QE on sovereign bond vyields in EM economies, we include both
actual bond purchases of Federal Reserve in the related period in billions of dollars and
dummy variables to analyze announcement effects. We build 3 different dummy
variables for QE1, QE2 and QE3 so as to find announcement effects of the programs
seperately. Dummy variables take value one in months when Fed announces or expands
a QE program. Details of the announcement dates for the programs are provided in table
13 below.



Table 13. US Quantitative Easing Announcements
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Date Program Event Content
11/25/2008 QE1 FOMC statement  LSAP announced
12/1/2008 QE1 Bernanke speech  Suggest extending QE to Treasuries
1/28/2009 QE1 FOMC statement  Fed ready to expand QE program
3/18/2009 QE1 FOMC statement  Initial LSAP expanded
8/10/2010 QE2 FOMC statement  Plan to reinvest GSE and MBS in Treasuries
8/27/2010 QE2 Bernanke speech  Role for additional QE seen
9/21/2010 QE2 FOMC statement ~ Willingness to provide more accomodation
10/12/2010 QE2 FOMC minutes Need for additional accomodation
11/3/2010 QE2 FOMC statement  Announcement of QE2
8/22/2012 QE3 FOMC minutes Additional accomodation warranted
9/13/2012 QE3 FOMC statement  QE3 announcement
12/12/2012 QE3 FOMC statement  QE3 expanded

Source: Fawley and Neely (2013)

34. EMPIRICAL RESULTS

Table 14 presents benchmark model results. We first estimate a parsimonious model
(column 1) where only country specific explanatory variables are contained (global
common and QE variables are excluded).

The results in column 1 show that central bank rate, inflation and budget deficit are
significant determinants of long term domestic government bond yield in EM
economies. Accordingly, 1 percentage point rise in policy rate increases sovereign bond
yield by about 37 bps. 1 percent deterioration in budget deficit to GDP ratio boosts
government interest rates by 11 bps. Industrial production, current account deficit to
GDP ratio and change in public debt stock to GDP ratio are not significant. In the
second model (column 2) we also include global common variables (VIX index and 10
year US bond vyield) in addition to country specific variables. Results are similar with
the first model. VIX index is not significant and the impact of 1 percentage point rise in
US ten year government bond yield on EM bond interest rate is about 50 bps. This
shows the importance of US government bond yield as a determinant of interest rates in

emerging markets. Third model (column 3) includes QE variables in addition to country
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specific and global common variables. Results imply that bond purchases of Federal
Reserve are a significant determinant of EM government bond yield. According to the
model, 100 billion dollars worth of bond purchases lower government bond yield in EM
economies by about 20 bps on average. Announcements of QE programs also lead to
the fall of EM bond yields. However, only the announcements related to QE3 is found
to be significant.

Table 14. Baseline Model for Domestic Government Interest Rates

Explanatory Variables ~ Model 1 Model 2 Model 3

Central Bank Rate 0.372%** 0.396*** 0.384***
(0.063) (0.059) (0.057)

Inflation 0.096*** 0.054*** 0.070***
(0.035) (0.019) (0.021)
Industrial Production 0.003 -0.001 0.001
(0.003) (0.005) (0.003)

Budget Deficit -0.109* -0.158** -0.158**
(0.066) (0.075) (0.077)
Current Account Deficit -0.032 -0.030 -0.039
(0.037) (0.044) (0.030)
ADebt Stock -0.229 -0.259 -0.329
(0.167) (0.196) (0.166)
VIX Index 0.005 0.005
(0.006) (0.006)

AUS Interest Rate 0.494*** 0.539***
(0.069) (0.098)

Bond Purchases -0.002***
(0.001)
QE1 -0.102
(0.105)
QE2 -0.075
(0.080)

QE3 -0.937***
(0.178)

Constant 3.448*** 3.151%** 3.226***

(0.531) (0.475) (0.510)

*xx <% * show significance at the 1%, 5% and 10% confidence levels. Standard errors are reported in
parentheses.

Table 15 below gives the impact of QE by countries. Results show that the effect of
bond purchases is significant and highest for Indonesia, Brazil and South Africa.
Announcement effect of QE3 on government bond vyield is strongest for Turkey,

Indonesia, Colombia and Brazil.



Table 15. Impact of QE by Countries

Country Bond Purchases QE1 QE2 QE3
Brazil -0.0049** 0.236 0.746**  -1.689***
China -0.0007 0.007 -0.239 -0.279
Hungary -0.0034* 0.789*** 0.181 -1.232**
Colombia -0.0016 0.333* 0.182 -1.711%**
Czech Republic 0.0072*** -0.246 -0.213 -0.210
Indonesia -0.0096*** -0.536 0.527 -1.923***
Mexico -0.0010 -0.455*** -0.217 -1.339%**
Malaysia -0.0016** -0.046 -0.206 -0.605***
Turkey -0.0046 -1.681*** 0.222 -2.137*
South Africa -0.0048*** -0.100 -0.172 -1.493***
Korea -0.0006 -0.266 -0.247 -0.299
Philippines -0.0032 0.258 -0.164 -0.546
Poland 0.0018** 0.153 0.33 -0.651***
Thailand -0.0022** -0.434*** -0.287 -0.672**
India -0.0019** -0.470%** 0.189 -0.639***
Singapore 0.0007 -0.306** -0.166*  -0.724***
Taiwan 0.0001 0.138 -0.055 -0.409***

**k*%k k%
1 1

3.5.

* show significance at the 1%, 5% and 10% confidence levels.

ROBUSTNESS ANALYSIS

In this part, we perform several robustness exercises to test the model results. First,
instead of the bond purchases variable, we use an alternative QE variable that is the
ratio of bond purchases in the related period to total amount of bonds available. Column
1 in table 16 presents the results and show that the alternative QE variable is also a

significant determinant of government bond interest rate in EM countries.

In the analysis, there exists one important complication. US bond yield and VIX index
are influenced by QE policies. Hence, QE impacts government bond yields in EM
economies both directly and also through subdued US bond interest rates and lower
VIX. Hence, quantitative easing variables in the model might not totally contain the
effect of QE on EM government interest rate. If the coefficients of QE variables are
significant, they give us a conservative estimate about the effect of QE on EM
government interest rate. In order to address this problem, we first lag VIX index and 10
year US bond yield by one (columns 2) and two (column 3) periods and then we
exclude them (column 4). Major goal of this exercise is to check whether coefficients of

QE variables become larger and significance changes. Hovewer, these exercises do not
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have a significant effect and thus do not provide any evidence that QE variables do not

fully contain the effect of QE on EM government interest rates.

Table 16. Robustness Analysis-1

Explanatory Variables Model 1 Model 2 Model 3 Model 4
Central Bank Rate 0.381***  0.376***  0.369***  (0.365***
(0.057) (0.055) (0.058) (0.063)
Inflation 0.082***  0.086***  0.102***  (.112***
(0.027) (0.030) (0.035) (0.035)
Industrial Production -0.001 0.001 0.002 0.002
(0.004) (0.003) (0.003) (0.002)
Budget Deficit -0.154** -0.134* -0.114 -0.131*
(0.075) (0.076) (0.075) (0.069)
Current Account Deficit -0.048 -0.061** -0.047* -0.028*
(0.040) (0.026) (0.026) (0.029)
ADebt Stock -0.393 -0.326 -0.294 -0.337
(0.152) (0.161) (0.186) (0.099)
VIX Index 0.005
(0.006)
VIX Index (t-1) 0.007
(0.006)
VIX Index (t-2) -0.003
(0.004)
US Interest Rate 0.558***
(0.101)
US Interest Rate (t-1) 0.724***
(0.123)
US Interest Rate (t-2) -0.244***
(0.086)
Bond Purchases -0.0002 -0.002***  -0.0016**
(0.001) (0.001) (0.001)
Bond Purchases/Total Bonds -0.127*
(0.065)
QE1 -0.097 -0.055 -0.129 -0.202
(0.102) (0.102) (0.130) (0.154)
QE2 -0.087 -0.008 -0.017 -0.040
(0.082) (0.067) (0.060) (0.066)
QE3 -1.206***  -1.103***  -0.767***  -0.859***
(0.213) (0.207) (0.164) (0.174)
Constant 3.231***  3.436***  3.475*%**  3.499***
(0.513) (0.513) (0.540) (0.576)

*** **and * show significance at the 1%, 5% and 10% significance levels, respectively. Standard errors

are reported in parentheses.
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In addition to bond purchases, we can also analyze the impact of mortgage backed
securities (MBS) purchases of Fed. First model in table 17 (column 1) implies that
MBS purchases is not a significant determinant of EM interest rates. The
announcements regarding the tapering of the asset purchase program in May and
June 2013 had a strong impact on financial markets. We also want to know
whether changing the sample period of the study have a pronounced impact on the
coefficients and significance of the variables. In this context, we use the sample
period from 2006:1 to 2013:4. Results in table 17 (column 2) points out that the

change in the coefficients and significance is only negligible.

Another complication is that some of the explanatory variables in our analysis may be
endogenous. For instance, the rise in EM government bond yield may increase central
bank policy rate, inflation and budget deficit. To solve this problem, we employ lagged
variables for presumed endogeneous variables as instrument and current variables for
presumed exogeneous variables®. Model results in table 17 (column 3) shows that using
one lag of endogenous variables as instrument do not have a considerable influence on
model results. Using two lags of the endogenous variables leads only to a limited rise in
the coefficient of bond purchases variable and announcement effect of QE3 (table 17,

column 4).

> Presumed endogenous variables are central bank interest rate, inflation rate, growth rate of industrial
production and budget deficit to GDP ratio. Presumed exogenous variables are current account deficit to
GDP ratio, change in debt stock to GDP ratio, VIX index, 10 year US government interest rate and QE
variables. Changing endogeneous variables do not have an important effect on model results.



Table 17. Robustness Analysis-2
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Explanatory Variables Model 1 Model 2 Model 3 Model 4
Central Bank Rate 0.376*** 0.431*** 0.191%** 0.137***
(0.051) (0.065) (0.059) (0.061)
Inflation 0.066*** 0.074** 0.072*** 0.079***
(0.019) (0.036) (0.024) (0.030)
Industrial Production 0.001 0.004 0.001 0.003
(0.003) (0.003) (0.005) (0.002)
Budget Deficit -0.168** -0.076 -0.154* -0.138
(0.074) (0.066) (0.092) (0.095)
Current Account Deficit -0.039 -0.001 -0.071 -0.096**
(0.044) (0.068) (0.051) (0.042)
ADebt Stock -0.176 -0.069 -0.221 -0.161
(0.191) (0.167) (0.155) (0.165)
VIX Index 0.005 0.010** 0.017 0.018*
(0.006) (0.005) (0.009) (0.010)
US Interest Rate 0.545*** 0.545*** 0.580*** 0.583***
(0.110) (0.082) (0.133) (0.131)
Bond Purchases -0.003***  -0.0016** -0.0032*** -0.0036***
(0.001) (0.001) (0.001) (0.001)
MBS Purchases 0.001
(0.001)
QE1 -0.078 -0.042 -0.188**  -0.196***
(0.078) (0.089) (0.093) (0.093)
QE2 -0.026 -0.004 -0.100 -0.055
(0.097) (0.092) (0.068) (0.071)
QE3 -1.253***  -.0.703***  -1.219***  -1.669***
(0.212) (0.128) (0.271) (0.354)
Constant 3.332%** 3.388*** 3.477*** 4.907***
(0.514) (0.544) (0.564) (0.640)

**x %% and * show significance at the 1%, 5% and 10% confidence levels, respectively. Standard errors
are reported in parentheses.

3.6. CONCLUSION

This study contributes to the literature by modelling local government interest rates in
EM countries and analyzing the effect of US QE policies on EM government bond
interest rates. Since we detect cross section dependence and slope heterogeneity, we use
Augmented Mean group (AMG) estimator that is robust to cross section dependence
and slope heterogeneity. The analysis of the heterogenous nature of international

transmission mechanism of QE policies is a considerable contribution.
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The analysis conducted show that local sovereign bond interest rate in EM economies is
determined by country specific variables, global common and QE variables. These
findings are consistent with the previous studies. More specifically, central bank interest
rates, inflation and budget deficit in the country, 10 year US bond interest rate,
announcements about the QE programs and actual bond purchases of Fed affect EM
government bond yields significantly. The results are not homogenous and vary by
country. On average, among QE announcements only those regarding QE3 program are
found as significant determinant of EM goverment bond interest rate. According to
model results, MBS purchases in US have no significant impact on EM bond yields.
The results are robust to several different specifications.

The results of the study once again show how important are global financial conditions
and unconventional monetary policies implemented by Fed for emerging market
economies. We find that asset purchases of Fed have international spillover effects and
lower EM government bond yields. Future work in this area can analyze the probable

declining marginal effectiveness of QE policies.
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CONCLUSION

The use of unconventional monetary policies by advanced country central banks has
become more widespread especially after the global crisis of 2008-09. Upon reaching
zero lower bound on interest rates, central banks started to conduct UMP and in the
course of time these policies have become the new normal in terms of monetary policy
application. Monetary policies of major advanced-country central banks have

increasingly relied on unconventional policies.

Unconventional monetary policies have both domestic and international spillover
effects. As a result of their increasing importance, it has been more and more critical to
empirically analyze and understand the transmission mechanism of unconventional
monetary policies and effects of them on the economy. So far, many of the studies in
the related literature have focused on domestic spillover effects of these policies and the
studies related to international spillovers remain relatively rare. This study intends
contribute to the existing literature by investigating the effects of Federal Reserve (Fed)

bond purchases on economic indicators of selected EM countries.

In this study, we first explain the definition and history of quantitative easing, provide
country experiences with QE, describe the transmission mechanism of quantitative
easing and the channels through which it influences the economy and present the
literature survey about the effects of QE on major economic variables. After these
informative parts, we proceed to two empirical studies regarding the effects of QE on
EM economies. In the first empirical study, we use panel vector auto regression
(PVAR) model to analyze the effect of bond purchases by Federal Reserve (Fed) on
major economic indicators in emerging market economies. Model results imply that
there is both short and long run relation between Federal Reserve bond purchases and
EM macroeconomic variables. There exists a long run cointegration relationship
between bond purchases and EM macro indicators. Impulse response analysis shows
that bond purchases by Fed reduce government bond yields and inflation, put upward
pressure on real exchange rate and stimulate economic activity. The impact on inflation
is found to be temporary while it is permanent on output. We also examine the effects of

MBS purchases by Fed and find out that they have a meaningful effect on industrial
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production, inflation and exchange rate but no effect on government interest rates.
Furthermore, according to the analysis, unconventional monetary policies of European
Central Bank (ECB) and Bank of Japan (BoJ) also have crucial effects on emerging
market economies. Policies of ECB and BoJ that lead to balance sheet expansion cause
lower government interest rates and inflation, but they have no effect on industrial
production. The results are robust to many different specifications.

In the second empirical study, we employ Augmented Mean Group (AMG) estimator
that is robust to cross section dependence and heterogeneity to investigate the impact of
QE announcements and actual purchases by Fed on government bond yield in EM
economies. This work contributes to the literature both by modelling long term
domestic government interest rate in EM countries and analyzing the effect of QE
policies of Fed on EM bond yields. The results are not homogenous and vary from
country to country. The analysis of the heterogeneous nature of international
transmission mechanism of QE policies is a considerable contribution to the literature.
Model results imply that country-specific variables such as central bank interest rates,
inflation and budget deficit are leading determinants of long term local government
bond interest rates in EM countries. Furthermore, 10-year US bond Yyield,
announcements regarding asset purchase programs and bond purchases of Fed also
influence EM bond vyields. According to model results, among three asset purchase
programs, only the announcements regarding QE3 program are found as significant
determinant of EM bond yields. MBS purchases in US do not have a significant effect
on EM bond interest rate. A number of robustness exercises demonstrate that model

results are robust to different specifications.

Results of two empirical studies we have conducted are parallel to existing literature
and show the importance of global financial conditions and unconventional monetary
policies implemented by Fed for EM economies. Asset purchases of Fed are found to
create international spillover effects both on real and financial indicators of EM
countries. The results also contribute to the policy making process of central banks and
provide crucial lessons for central bankers. In addition to international spillovers, QE
policies also cause spillback effects on the countries implementing these policies since

EM economies represent a large share in the global economy. Therefore, central bankers
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should take into account and pay more attention to both spillover and spillback effects

of unconventional monetary policies in their policy making process.
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