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Abstract

Quantitative easing has been an important part of central banks’ toolkits for almost two decades. In
the US, this monetary policy tool has been used to complement the conventional policies that proved
to be insufficient as the nominal interest rates fell close to zero levels in the aftermath of the global
financial crisis. During the past fifteen years, the importance of quantitative easing has only grown
and until today, the Federal Reserve has purchased assets worth a total of trillions of dollars, with
an aim to reduce the interest rates and stimulate the economy. The effectiveness of these asset
purchases has been a topic of vast interest among economists ever since the central banks first
introduced it to their toolkits, and a large amount of research focuses on modelling their functioning
and impact on real economy.

This thesis presents a New Keynesian dynamic stochastic general equilibrium (DSGE) model that
is implemented to evaluate the effects of quantitative easing on real economy. The model used in
this thesis exhibits imperfect asset substitutability between government bonds of different
maturities and a feedback effect from the term structure to the macroeconomy according to Matteo
Falagiarda (2014). As a result, the model is able to capture the portfolio rebalancing channel of
quantitative easing. The aim is to simulate an economy that is affected by a positive monetary policy
shock in the form of large-scale asset purchases and to study the impacts of the shock on the real
economy. To make the setting more realistic and current, the model is calibrated to reflect the US
economy after the early 2020, when the Covid-19 pandemic reached the country and forced the
Federal Reserve to go to new lengths in its efforts to combat the low-interest rate economy and
expand its asset purchase programmes.

The simulation is conducted by implementing the DSGE model into the MATLAB programming
tool. The simulations run in MATLAB include a baseline scenario, where the US economy faces a
positive monetary policy shock of a large-scale asset purchase shock, and a Covid-19 scenario, where
the US economy also faces a negative productivity shock that illustrates the initial supply shock
caused by the Covid-19 pandemic. The results of the simulations are consistent with earlier literature
and empirics: large-scale asset purchases conducted by the Federal Reserve of the US were able to
reduce the long-term rate and the term premium and increase output and inflation in the economy.
Even combined with the negative effects of the Covid-19 shock, these asset purchases were effective
in mitigating the negative impacts on the US economy, at least in the medium term. To check for the
robustness of the results, a sensitivity analysis is conducted replicating the simulations with varying
levels of magnitude and persistence of the shocks.

Keywords monetary policy, Federal Reserve, quantitative easing, DSGE model, Covid-19
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Tiivistelma

Maarillinen elvytys (engl. quantitative easing) on kuulunut keskuspankkien tyokalupakkiin jo ldhes
kahden vuosikymmenen ajan. Yhdysvalloissa tdta rahapolitiikkavilinettd on kaytetty taydentamaan
tavanomaisia vilineitd, jotka osoittautuivat riittimattomiksi, kun nimelliset korot laskivat ldhelle
nollaa globaalin finanssikriisin jalkimainingeissa. Viimeisen 15 vuoden aikana maarallisen
elvytyksen merkitys on korostunut entisestddn, ja tdhdn pdivdan mennessd Yhdysvaltojen
keskuspankki Fed on ostanut yhteensi biljoonien dollareiden edestid arvopapereita tavoitteenaan
laskea korkoja ja elvyttda taloutta. Nididen arvopapereiden ostojen tehokkuus rahapolitiikan
vilineend on ollut taloustieteilijoiden mielenkiinnon kohde siita asti, kun keskuspankit ensi kerran
kayttivat niitd talouden elvyttdmiseen, ja suuri maara tutkimuksia on keskittynyt mallintamaan
niiden toimintaa ja vaikutuksia reaalitalouteen.

Tama tutkielma esittelee uuskeynesildisen dynaamisen stokastisen yleisen tasapainon (DSGE)
mallin, jonka avulla voidaan arvioida méairallisen elvytyksen vaikutuksia reaalitalouteen. Tassa
tutkielmassa kaytetty malli esittelee epatdydellisen omaisuuserien korvattavuuden eri
maturiteettisten valtion velkakirjojen vililla seka palautteen koron aikakdyrdstd makrotalouteen
Matteo Falagiardan (2014) mukaan. Taten malli kykenee eristimaan mairillisen elvyttdmisen
toiminnan niin kutsutun sijoitusten uudelleenpainotuksen kanavan kautta. Tutkielman tavoitteena
on simuloida taloutta, joka kokee positiivisen rahapolitiikkashokin arvopapereiden ostojen
muodossa ja tutkia timén shokin vaikutuksia reaalitalouteen. Asetelmasta saadaan realistisempi ja
ajankohtaisempi, kun malli kalibroidaan heijastelemaan Yhdysvaltojen talouden tilannetta
alkuvuonna 2020, kun Covid-19 -pandemia saavutti Yhdysvallat ja pakotti Fedin laajentamaan
arvopapereiden osto-ohjelmaansa vilttadkseen korkoja laskemasta entistd matalammille tasoille ja
elvyttadkseen maan taloutta.

Simulaatio toteutetaan MATLAB -ohjelmointityckalun avulla. MATLAB:issa ajettavat simulaatiot
sisaltavat perusskenaarion, jossa Yhdysvaltojen talous kohtaa positiivisen rahapolitiikkashokin
arvopapereiden ostojen muodossa, sekd Covid-19 -skenaarion, jossa talous kohtaa lisaksi
negatiivisen tuottavuusshokin, joka havainnollistaa sitd tarjontashokkia, jonka pandemia
ensitilassa aiheutti. Simulaatioiden tulokset ovat linjassa aikaisemman kirjallisuuden ja empiirisen
tutkimuksen kanssa: Fedin suorittamat arvopapereiden ostot onnistuivat laskemaan pitkaaikaisia
korkoja ja aikapreemiota seka kasvattamaan kokonaistuotantoa ja inflaatiota. Jopa yhdistettyna
Covid-19 -shokin negatiivisiin vaikutuksiin, arvopapereiden ostot kykeniviat lieventimaan
pandemian aiheuttamia negatiivisia vaikutuksia Yhdysvaltojen talouteen, ainakin keskipitkalla
aikavalilla. Lopuksi tulosten vahvuutta testataan useilla herkkyysanalyyseilla, jotka replikoivat
simulaatioita vaihdellen shokkien kokoa ja pysyvyytta.

Avainsanat rahapolitiikka, Federal Reserve, maarallinen elvytys, DSGE-malli, Covid-19
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1 Introduction

Monetary policy has typically been conducted by a monetary authority through setting
the short-term interest rates. However, since the onset of the global financial crisis of
2008, using the short-term interest rates as the main policy tool has faced two major
challenges: firstly, the lack of confidence in the financial markets has been threatening to
break the connection between policy rates and market rates; and secondly, interest rates
have fallen close to the zero lower bound, below which the central banks cannot lower
their effective policy rates (Paavola, 2016). As a result, conventional monetary policy
has become ineffective in the majority of the developed economies: nominal interest
rates can no longer fall as low as the Taylor rule would suggest and the market rates
do not fully respond to the changes in policy rates. According to many economists,
the economy has been stuck in the so-called liquidity trap, where no conventional
open market operation is enough to lift the economy back to its original equilibrium.
Therefore, central banks all over the world have turned their focus towards new measures
that have never been used before — towards a territory that was unknown even for the
majority of the macroeconomists and policymakers.

Even though the unconventional measures, such as quantitative easing, negative
interest rates and extended lending operations, were extreme and implemented in large
quantities, for years, the economies did not seem to recover fully from the crisis. In
effect, the policies implemented did seem to have a desired impact, but the magnitude
of them was rather small (Moessner et al., 2017; Dell’Ariccia et al., 2018; Kuttner,
2018). Thus, albeit having pushed the interest rates close to zero levels, the developed
economies still suffered from low economic growth and almost no inflation for years.
Before they managed to get back to the course of normal growth, a new type of crisis
hit outside the financial system in early 2020: the Covid-19 pandemic.

In many ways, the Covid-19 pandemic has been similar to the previous financial
crises and recessions, affecting the stock market volatility, unemployment, consumer
confidence, consumption and output. In many ways, it has also been more severe than
for example the global financial crisis (GFC): Li et al. (2021) argued that when the
world closed its borders, it had massive and more rapid effects on the stock and labour
markets than the GFC; the European Central Bank, on the other hand, calculated

that the total hours worked declined approximately twice as much as during the Great



Recession (European Central Bank, 2021); and the Index of Global Economic Policy
Uncertainty (Economic Policy Uncertainty, 2021) is now at its highest levels in history.
In addition, the exogenous pandemic shock has been primarily a supply shock, only
after then affecting the demand side and the financial sector, whereas the GFC affected
the financial sector and demand side first. This has made it somewhat difficult for
policymakers to find the right tools and making the right choices, as monetary policy is
essentially designed to affect the demand side of the economy rather than the supply
side.

However, this time the economies were in many ways more fortunate: the financial
system was stable and better equipped to withstand a possible crisis, and the economic
activity recovered much faster than after 2008, reflecting the quicker and more coordi-
nated policy reactions by the central banks. In addition, the initial negative effects of the
pandemic seemed to remain short-lived. Having learned from the previous crises, central
banks around the world were quick to implement new or extend the existing emergency
monetary policy tools and programmes targeted to support the economies. Majority of
the tools implemented during the pandemic crisis can be classified as unconventional:
they would include e.g., forward guidance and large-scale asset purchases, similarly to
the previous recession. Two years later, the policies implemented back then are still
mostly in place everywhere, and while there is no exit from the pandemic in sight in
the near future, the real economies of many countries have gotten or are in their way
of getting out of recession, and the effects of the policies can already be studied in a
similar manner than during the previous crises. (Belz et al., 2020; Aguilar et al., 2020.)

In this thesis, I will study the unconventional monetary policies implemented during
the Covid-19 pandemic. Specifically, I will focus on the quantitative easing (QE)
measures and asset purchase programmes implemented by the Federeral Reserve of the
United States (the Fed), and their impact on macroeconomic variables. In my approach,
I will follow the dynamic stochastic general equilibrium (DSGE) model provided by
Matteo Falagiarda (2014) and replicate his simulation using a more recent data. In
his paper “Evaluating Quantitative Easing: A DSGE Approach”, Falagiarda (2014)
studies the effect of the Fed’s and Bank of England’s asset purchase programmes on
the real economy using a DSGE model with imperfect asset substitutability. Through
his unique approach to the standard DSGE model, Falagiarda manages to capture the



portfolio rebalancing channel of QE. By using Falagiarda’s (2014) representation of the
model, I will then employ this theoretical framework to simulate the impact of the large
asset purchases of medium- and long-term treasuries in the US during the Covid-19
pandemic, i.e., from March 2020 until December 2021 when the Fed announced it will
start tapering. During this period of 22 months, the Fed purchased approximately $4.5
trillion worth of different assets, mainly government treasuries, from the market. In
addition to simulating the asset purchases alone, I will include a negative productivity
shock to my simulation to represent the negative supply shock caused by the pandemic.
Using MATLAB, the two shocks are easy to run simultaneously, and the result is a
theoretical illustration of the real economy.

Assessing the impact of QE is not a straightforward question, as it cannot be
observed empirically: one cannot tell, which part of output growth is a result of QE and
which of some other unobservable reasons. However, numerous studies have tried to
evaluate this impact through econometric models and event studies, and the results are
consistent with the empiric observations about economic variables: QE has significantly
lowered the long-term rates in the short run, and some evidence exists that QFE has been
effective also in the longer run (Yu, 2016). The results of my simulation are consistent
with earlier literature in terms of direction of the impact, but the magnitude of the
effects is significantly smaller than what is previously found. This is because I am using
a much smaller value for the gross money-market rate of the US economy to reflect
the current environment of extremely low level of interest rates, that are constrained
by a zero lower bound (ZLB). At very low levels, the interest rates have limited room
to decrease as a result of expansionary monetary policy interventions, and thus it is
natural that I find smaller effects than literature with higher money-market rates. In
addition, the results are subject to uncertainty regarding e.g., the sizes and persistence
of the shocks, the chosen exit strategy and the degree of substitutability between the
assets of different maturities. Therefore, to test the robustness of my results, I will
conduct several sensitivity analyses varying these uncertain parameters. The results
of my simulation suggests that as a combined effect of the asset purchases and the
negative productivity shock of Covid-19, the long-term rates in the US had a peak
effect at -4.3 basis points, and output and inflation increased approximately 0.27% and

0.59%, respectively. These results are reasonable and as desired: the asset purchases



are successful in offsetting the negative effects of the pandemic shock, decreasing the
long-term rates, and increasing both output and inflation.

The structure of this thesis is the following. First, I will provide a literature review
comprising the theory of both conventional and unconventional monetary policy. 1
will introduce the concepts of zero lower bound and liquidity trap and discuss how
the monetary authorities could overcome these issues. I will also provide an overview
of earlier literature studying the effectiveness of monetary policy. As a motivation
for my simulation, I will discuss the effects of the Covid-19 pandemic on the global
economy and the measures taken by large central banks in order to fight the negative
economic effect of the pandemic. Second, I will provide the theoretical framework of
a DSGE model following Falagiarda (2014), Harrison (2012a, 2012b) and Chen et al.
(2012) and employ that to simulate the large-scale asset purchases by the Fed since
March 2020. In addition of providing a baseline simulation of asset purchases, I will
conduct different scenario and sensitivity analyses to asses the Covid-19 pandemic as a
negative technology shock and how this shock combined with asset purchases affects the
economy. The main contribution of my simulations is to provide an estimation of how a
negative productivity shock, i.e., the Covid-19 pandemic, combined with accommodative

monetary policy affects the macroeconomic variables. Finally, I will conclude the thesis.

2 Literature review

The literature review of this thesis consists of theory about conventional monetary
policy, its limitations and what different theories suggest overcoming these boundaries,
i.e., the theory of unconventional monetary policy. It also includes a short introduction
to different unconventional monetary policy tools as well as a more detailed description
of quantitative easing and its transmission channels. Quantitative easing (QE) is
what literature generally refers to as large-scale purchases of different assets, such as
government bonds, from the market, conducted by a central bank. In recent years, QE
has become one of the most widely implemented monetary policy tools, and its effects
on the macroeconomic variables has been a topic of interest in economic research ever
since they were first introduced. QE and its effects are also the focus of my analysis in

this thesis. Before discussing more about QE and its transmission to and effects on the



real economy, it is important to understand the theories of monetary policy and why

central banks were forced to turn to QE in the first place.

2.1 Conventional monetary policy

Traditionally, a monetary authority operates its monetary policy through setting the
short-term interest rates. In most of today’s advanced economies, the monetary authority,
i.e., the central bank, sets a certain pre-determined target for its overnight interbank
rate, and then accommodates the central bank money supply in the economy through
open market operations so that this target rate is met (Smaghi, 2009). These open
market operations typically mean that the central bank is involved in buying or selling
short-term treasuries or other securities from the open market. Other instruments that
the central banks use to steer the short-term interest rates are e.g., the marginal lending
facility in the Eurosystem, discount rate in the Federal Reserve and minimum reserve
requirements for financial institutions.

Normally, central banks do not directly lend money to private sector or governments.
They also do not involve in purchasing government bonds, corporate debt, or any type
of debt instruments from the market. Solely steering the key policy rates is considered to
be an effective tool through which the central banks can control the liquidity conditions
in the economy and pursue their main goal to maintain price stability in the economy
over the medium term. Over decades, this has been a stable and an efficient way to
provide monetary stimulus to the economy, manage inflationary pressures and ensure
the healthy functioning of the money markets. (Smaghi, 2009.)

The central banks do not disclose the methods through which they set their policy
rates, but monetary policy is often theoretically approximated with an interest rate
rule formulated by John Taylor (1993) (equation (1)). According to Taylor (1993),

short-term interest rates respond to changes in inflation and output gap according to
/Z;:5W7Tt+5xait—l—vt (].)

where 4, is the deviation of monetary authority’s policy rule from its steady-state value,
i.e., the interest rate, m; is the inflation gap, z; is the output gap and v, is a stationary
stochastic exogenous process representing the monetary policy shock. The first term of

the rule is the central bank’s response to the situation where inflation deviates from the



inflation target, whereas the second term captures the central bank’s desire to stabilize
the output gap. Both ¢, and ¢, are positive in this equation. If the inflation is below
its 2 percent target, i.e., m; is negative, keeping everything else unchanged, the central
bank would need to decrease the nominal interest rate more than the inflation gap is.
Accordingly, if the output is above its full-employment level, i.e., x; is positive, then the
central bank must set the nominal interest rate higher than the output gap, if it wants
to lower the inflationary pressures. Setting 6, > 1 is generally known as the Taylor
principle: Taylor was among the first economists who noted that it is crucial for interest
rates to respond more than one-to-one to changes in inflation. Central banks’ operations
affecting the short-term interest rates, such as the overnight interbank operations, have
usually followed closely the desired interest rate level suggested by the Taylor rule.
That is why many research and models incorporate Taylor’s (1993) rule of interest rate
setting when modelling central bank behaviour. (Taylor, 1993; Walsh, 2017.)

By changing its policy rates, a central bank in fact changes the rate of interest which
it pays on the commercial banks’ reserve balances which they hold at the central bank.
This, again, affects the cost of short-term interbank lending in the market, as no bank
would be willing to lend to another at a lower rate than what it could earn by increasing
its reserves at the central bank. Furthermore, this transitions to the broader economy
through several monetary transmission channels, and one of them is indeed the interest
rates that banks charge on short-term loans from the private sector, illustrated in Figure
1. A change in the short-term money market rate will affect the demand of money
in the economy: if the interest rates on the loans increase, households and businesses
are less willing to take out loans and thus economic activity decelerates and inflation
moderates. Moreover, lower interest rates increase loan take-outs and consumption in

the economy, boosting inflation towards its target levels. (Potter and Smets, 2019.)

Short-term Broader Con'su'mpnon
. . Investment .
Policy rate money financial Aggrecate Inflation
market rates conditions 8ereg

demand

Figure 1: Stylized representation of a conventional monetary transmission channel

Source: Potter and Smets (2019)



Changes in the policy rates can also affect the equity market: if the interest rates
are at low levels, it becomes more attractive to invest in equity which now has a higher
return, and vice versa. This will increase the demand for different stocks and thus impact
their prices (Bernanke and Reinhart, 2004). In addition, changes in the consumption
patterns of households and businesses will eventually affect the prices of goods, such
as houses. Variations in the interest rates can also influence the attractiveness of
government bonds and this way move the exchange rates. Thus, the central banks’
decisions regarding the policy rate will eventually affect every aspect of the broader
economy. (Potter and Smets, 2019.)

Longer-term interest rates, on the other hand, are affected by the private sector’s
expectations about the future short-term interest rates. Households and businesses
make longer-term decisions regarding i.e., purchases of real estate and cars, based on
their expectations of how the broader economy will develop during the maturity of their
loans. Therefore, in addition to just setting the policy rates, the central banks play an

important role through communicating the likely course of their policy rates.

2.2 Limitations to monetary policy

The great financial crisis and the following recession forced central banks to go to
extreme lengths in their efforts to help the economies back to their normal growth paths,
and nominal interest rates were pushed down to zero, as is proposed by conventional
monetary policy theory. However, using the short-term interest rate as a main policy
tool quickly faced major challenges: it was soon discovered that although needed, cutting
policy rates below zero was impossible, since it no longer increased the amount of money
in the economy. Two key concepts characterize the so called ‘monetary black hole’,
where expansionary monetary policy has limited scope: zero lower bound (ZLB) and
liquidity trap. The next sections discuss these concepts and their theories in a greater

detail.

2.2.1 Zero lower bound

The fact that nominal interest rates could not fall below zero has been widely acknowl-
edged by economists already since the early 1900s. Fisher (1930), Keynes (1936) and

Hicks (1937) were perhaps among the first economists to point out that if a good or



an asset could be stored without costs, then the interest rate on them could never fall
below zero. In the case of money and cash, this reasoning is obvious: no one would be
willing to lend money to another at negative interest rates, if they can instead hold
that money in cash for free for future consumption. Therefore, there has to exist a floor
for nominal interest rates at somewhere around zero. In the book “General Theory of
Employment, Interest, and Money” (1936), Keynes aimed at explaining the situation
following the Great Depression of the 1930s. He suggested three theoretical reasons why
there might be an effective floor to long-term interest rates. First, because the term
structure of interest rates increases in accordance with maturity when short-term rates
are low, it is possible that as a result of the central bank’s open market operations,
the short-term rate falls to zero before the risk-free long-term rate declines adequately.
Thus, there would be no more room left to reduce the long-term rates through these
open-market operations. Second, it is possible that the liquidity preference of agents, i.e.,
the demand for money, could become “virtually absolute” at low-level long-term interest
rates, meaning that agents would prefer hoarding cash instead of holding low-yielding
debt (Keynes, 1936). Third, the default premiums could become so large that it would
be impossible to reduce the long-term rates that are relevant for business decisions.
Many later treatments of the liquidity trap isolate the second argument from the other
two, but Keynes (1936) stressed the importance of all three. In addition to these three
reasons, Keynes (1936) also mentioned several institutional arguments that supported
his view that there exists an effective floor to interest rates: for example, if there exists
transaction costs in the economy, banks would have to to charge their customers interest
or bank margin, even though the pure rate of interest to the lender would be zero.
(Keynes, 1936; Sutch, 2018.)

While Keynes (1936) and Hicks (1937) thought that the effective lower bound to the
interest rates would be at least slightly positive instead of zero, the later approaches
have studied the possibility that the lower bound of interest rates would be zero. The
difference in these two approaches is partially explained by the maturity of interest rates
considered in the models: in Keynes (1936)" model, the long-term interest rate is the
opportunity cost in money demand, whereas in newer applications, money demand is
formulated through short-term interest rates, which affect the long-term rates through

future expectations. Throughout the 19*" century, economists tried to explain the



theory of zero lower bound and its consequences for monetary policy, and in addition to
studying conventional monetary policy focused on steering the short-term interest rates,
publications started to focus more and more on how monetary policy could overcome
this zero lower bound in a situation where the nominal interest rate suggested by the
Taylor rule would be negative.

A great deal of research was done especially in the late 1990s, after the Japanese
economy experienced a long-lasting malaise and the country’s monetary policy was
clearly constrained by the ZLB of nominal interest rates. In the western economies,
the ZLB has been a topic of discussion during the past years as the policy rates have
been close their effective lower bounds for years, yet unsuccessful to have any effect on
economic growth. Summers (1991) and Fisher (1930) argued that in order to the nominal
interest rates to have adequate room to fall according to the Taylor rule, the central
banks’ annual target inflation rate should be as high as 3 percent. Similarly, Rotemberg
and Woodford (1997) found in their vector autoregression (VAR) analysis that if the zero
lower bound is binding, optimal monetary policy and inflation stabilization objectives
would require rather large changes in interest rates, which again would require high
interest rates on average, and thus a high average inflation rate. Therefore, they argue
that there is a limit to the degree to which it is desirable to stabilize inflation.

By employing a large-scale open-economy rational expectations model, Reifschneider
and Williams (2000) evaluated the effects of ZLB on macroeconomic stability and
concluded that in rare occasions, standard open market operations may not be enough
to stabilize the economy and that fiscal policy or some other form of stimulus induced
by a monetary authority might be needed. They also found that in an environment
where inflation is very low and where the monetary policy follows the Taylor rule, the
ZLB might be a significant constraint on monetary policy: according to their stochastic
simulations, the nominal funds rate of the Fed might be zero over 10 percent of the
time. Kiley and Roberts (2017) on the other hand, find in their dynamic stochastic
general equilibrium and large-scale econometric models that in the future, the short-term
interest rates in the US could be around zero approximately 30 to 40 percent of the
time. Today, many of the advanced economies have experienced the ZLB of their policy
interest rates, and some have found it hard to overcome the challenges ZLB causes to

conducting monetary policy - and many of these economies have even found themselves



being stuck at the extremely low levels of interest rates, where the conventional way of
conducting monetary policy has proven to be inefficient. This condition is often referred

to as the ‘liquidity trap’ in modern economic literature.

2.2.2 Liquidity trap

Liquidity trap commonly refers to a situation in which the nominal interest rates in the
economy are very low or equal to zero, savings rates are high, and conventional monetary
policies conducted by the monetary authority fail to stimulate the economy. Many of the
contributions to theoretically model the liquidity trap make reference to the liquidity
trap attributed by Keynes (1936), who was the first to describe such condition through
the liquidity preference, as discussed above. Keynes (1936) argued that the nominal
interest rate is not determined in the intersection of the economy’s common savings
and investment curves, which was earlier considered a reasonable theory, but instead at
the equilibrium of the demand and supply of money. In other words, nominal interest
rates are determined between the liquidity preference of households and the quantity of
money. Keynes (1936) also argued that if there exists a floor to the nominal interest
rate below which the public would start hoarding cash, i.e., the liquidity preferences of
the public are increasing faster than the quantity of money, then any increase in the
money supply will not be successful in reducing the rate of interest. This means, indeed,
that monetary policy will become inefficient.

Hicks (1937) interpreted the interest rate floor described by Keynes (1936) in an
IS-LL, today more commonly known as IS-LM, framework (Figure 2), where output
and nominal interest rate would be determined in the intersection of the combined
investment-savings curve and the liquidity preference-money supply curve. In this
framework, any change in the propensity to invest or consume would shift the IS curve;
and similarly, any change in liquidity preference or money supply, i.e., monetary policy,
would shift the LL curve. According to Hicks (1937), if a shift in these curves results
in a situation where the investment rate is higher than the money rate, output in the
economy tends to rise; and vice versa, if the investment rate is lower than the money
rate, output will fall. The elasticities of the curves determine how much the output will
change. Hicks (1937) argued that the LL curve is likely to be almost horizontal on its

leftmost part and almost vertical on the right, because the interest rate is unlikely to go
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below a certain minimum level, and because the level of output cannot exceed a certain
maximum. If the IS curve is located to the right of the LL curve, an increase in the
propensity to invest or consume will increase the nominal interest rate; but if the IS
curve is initially located to the left, then a shift in the IS curve will have a small or no
effect on the interest rate. Furthermore, if the IS curve lies to the left and there is an
increase in the money supply in the economy, i.e., LL curve moves to the right, it will
have no effect on the nominal interest rates and thus output in the economy. This was
the first interpretation of a situation which today is popularly known as the ‘liquidity
trap’. (Hicks, 1937.)

However, Hicks’ (1937) initial approach to formulate the interest rate floor did
not refer to any kind of a banking system. In his later approaches, he included an
assumption of endogenous money supply to his model. This means that the money
supply would also cover bank deposits, which generally are more responsive to interest
and income making the LL curve less vertical on the right. In this new construction of
the LL curve, an endogenous money supply shock will increase interest rates less than

in Hicks’ (1937) initial framework.
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Figure 2: IS-LM framework according to Hicks (1937)

Liquidity trap according to Paul Krugman

Until the late 1990s, the liquidity trap was thought to be mainly a theoretical concept,

not something that could actually happen in practice. The 20" century had experienced
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low rates, e.g., when the average rate on the US Treasury bills during 1940 was at 0.014
percent, but since the World War II, nominal interest rates had stayed well above zero.
However, during the 1990s, the Japanese economy started stagnating and the Bank
of Japan pushed its policy rates below one percent. Despite extremely expansionary
monetary policy, the Japanese economy was sliding into an even deeper recession. Paul
Krugman (1998, 2000) developed the situation of ZLB and liquidity trap further as he
tried to explain Japan’s long-lasting economic malaise. Krugman (2000) modelled the
liquidity trap using the reformulation of the IS-LM model of monetary policy by Hicks
(1937). Krugman (2000) realised that these previously existent theoretical conditions
under which the liquidity trap can occur were, at least to some extent, corresponding
to some of the features of the real Japanese economy. However, he argued that the
classical IS-LM models that were used earlier to model liquidity traps lacked some crucial
elements. First was the intertemporal nature of decisions, which allows for expectations
to affect future outcome. Second was the openness of the economy: globalization was
at a quite different level in Hicks’ or Keynes’ times. Third is the lack of the banking
sector in the analysis, but this was quite usual in the 1930s. Therefore, Krugman (2000)
introduced financial intermediaries and a monetary authority, i.e., central banks, to his
model. (Krugman, 2000; Boianovsky, 2004.)

Krugman (2000) models the economy in a minimalistic way: prices are currently
assumed sticky, meaning that there can be unemployment and nominal and real interest
rates are equal. In this setting, the short-run equilibrium of the economy can be
summarized with a two-equation framework (Figure 3), where the downward sloping
IS curve corresponds to the demand for goods and hence the real output 1;, and the
upward-sloping LM curve corresponds to the interest rate controlled by the monetary
policy makers.

In a very simple representation of Krugman’s (2000) economy, a representative agent
maximizes an intertemporal utility function and has a demand for money according to
a specific cash-in-advance constraint, which means that goods can be purchased only
by using the cash that is available at hand. This cash-in-advance constraint is in effect
binding, if the nominal interest rate on short-term bonds is positive and if there is
no uncertainty in the economy; in this case, it is more reasonable to store money in

the form of bonds or to spend it on consumption, and the representative agent will
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Figure 3: IS-LM framework according to Krugman (2000)

hold no more cash than what is needed for current consumption. From this follows a
proportional relationship between the money supply and the price level: P = %, where
P is the price level, y is the output level equal to consumption, and M is the money
supply in the economy. This equation is Krugman’s (2000) version of the LM curve
and it implies that the money supply in the economy is a function of the current price
level and output. The IS curve, on the other hand, can be found from the equilibrium
in the market for goods, which Krugman (2000) derives from the Euler equation of

consumption:

1+ )0 = () 2y, ®)

where D is the discount factor and p is the relative risk aversion. According to the
relationship presented above, the price level in the next period P, is determined by
M1 and 441, which Krugman (2000) assumes to be constants. Therefore, as the current
price level increases, deflation expectations arise and thus a lower nominal interest
rate is induced, while the real interest rate remains given. This causal link explains
the inverse relationship between the nominal interest rate and output illustrated by
Krugman’s (2000) IS curve. Similar to Hicks (1937), Krugman’s (2000) LM curve is
vertical on the rightmost part to represent the elasticity of price-expectations being
zero: this is because Krugman (2000) assumes the future price level P,y to be constant
while the current price level changes. (Krugman, 2000; Boianovsky, 2004.)

Supposing that the central bank exercises conventional monetary policy by lowering
short-term interest rates, this will lead to a downward movement of the LM curve and

an expansion of output in the economy, as seen in Figure 3. In effect, lower interest
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rates will make it more attractive for households and businesses to borrow money
from banks. The more loans banks grant, the more money there is circulating in the
economy and the more economic activity there is. Central banks can also affect output
in the economy by monetary expansion: when there is a money supply shock which
the government sector has executed by buying and selling bonds, the LM curve moves
down causing the interest rates to decrease. As a result, the equilibrium output in the
economy increases and expectations of the future inflation are higher. Consequently,
a rise in the expected future price level will eventually shift out the IS curve in the
current period, bringing the economy to a new equilibrium of higher output and the
initial interest rates. (Krugman, 2000.)

However, when interest rates decline to zero, increases in the money supply cease to
have an effect on the economy: households and businesses no longer have incentives to
take out loans and the extra money remains on the banks’ balance sheets without being
invested or spent. Should the interest rate fall below zero, households and businesses start
holding cash as a store of value instead of investing it in bonds or other consumption.
This, in turn, will weaken the economy even further and lead to a deflationary spiral,
instead of helping the economy overcome its downturn. No open market operation, for
example a positive money supply shock, will be enough to bring the economy back to
the original equilibrium. Instead, a positive money supply shock will only increase the
current price level creating deflationary expectations and decreasing the interest rate
even further. This is the situation Krugman (2000) describes being the liquidity trap:
the economy cannot escape negative interest rate regime by increasing money supply if

the interest rates are already at zero or negative. (Krugman, 2000.)

2.3 Unconventional monetary policy

As indicated above, the zero lower bound of interest rates may become a challenge for
conventional monetary policy in an economy that is stuck in a liquidity trap, as the use
of short-term interest rates as a policy tool has become inefficient. In such situation,
monetary policy authorities must turn to other alternative tools, such as central banks’
balance sheets and their sizes. The most well-known worldwide implementation of

unconventional monetary policy measures happened in the aftermath of the global

financial crisis of 2008, as economies all over the world struggled to recover despite the
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record-breaking low levels of interest rates. Central banks started to implement measures
that had never been used before: some of the tools aimed at affecting the term spreads,
i.e., the long-term risk-free rates, while others were designed to affect liquidity and
credit spreads, i.e., the interest rates of different risky financial instruments. In addition,
some tools were designed to restore the liquidity conditions and asset valuations in
the financial system by supporting the monetary policy transmission mechanisms. By
applying these tools, the central banks started to act as intermediaries in larger range
of financial activities than before and filled the gap which emerged as the private sector
participants’ economic activity receded. Today, the macroeconomic society recognizes
a variety of unconventional policy tools, of which most commonly used are negative
interest rate policy, extended lending operations and forward guidance. (Potter and
Smets, 2019; Bernanke et al., 2004.)

Previous literature has suggested quite a few theoretical options for alternative
monetary policy measures at the ZLB; however, only a few of these measures have
proven to be working in practise. Using Japan’s situation as an example, Krugman
(1998) provided possible monetary policy responses to an economy that is stuck in
a liquidity trap. As for a classical Keynesian response, fiscal policy, Krugman (1998)
argued that the IS-LM framework may have multiple equilibria: the liquidity trap could
represent a low-level equilibrium, while the original equilibrium could be reached through
a sufficiently large temporary fiscal policy stimulus. In fact, this is how economists today
consider the Great Depression came to an end (Krugman, 1998). However, the evidence
supporting this multiple-equilibria view! seems to be divided, and the recovery from the
Great Depression was partly thanks to inflationary expectations. As for monetary policy,
on the other hand, Krugman (1998) suggested that a permanent monetary expansion
will raise prices or output, as interpreted in his model of liquidity trap. However, a
credibility problem arises here: a central bank rarely manages to convince the public
that it will continue expansionary policies infinitely and allow the price level increase
sufficiently. The public tends to expect that whatever the central bank does now, it will
eventually revert to stabilizing the price level. Therefore, monetary expansion could

also prove to be insufficient.

LA variety of literature has emerged supporting the multiple-equilibria view: e.g., Evans, Honkapohja
and Mitra (2022) consider a nonlinear stochastic New Keynesian model with adaptive learning, where

there exists three steady states.

15



Contributing to the alternative exit strategies from the liquidity trap, Bernanke and
Reinhart (2004) proposed three alternative monetary policy strategies: first, shaping the
public’s expectations about future policy rates; second, increasing the size of the central
bank’s balance sheet; and third, altering the composition of the central bank’s balance
sheet in order to affect the relative supply of securities in the market. These strategies
have later been referred to as commitment effect, quantitative easing and qualitative
easing, respectively, and have been widely studied since. According to Bernanke et al.
(2004), the short-term policy rates have “little direct effect on private sector borrowing
and investment decisions in the US”. Instead, they argue that the private sector makes
decisions based on longer-term yields, e.g., the mortgage and corporate bond yields,
and the prices of longer-term assets, e.g., real estate and equities. Financial theory,
such as the IS-LM framework described above, also defines that the prices and yields of
these longer-term assets depend largely on the market participants’ future short-term
rate expectations. Therefore, Bernanke et al. (2004) suggest that central banks facing a
ZLB should be well aware of how their decisions affect the public’s expectations about
future policy.

According to Smaghi (2009), unconventional measures are “policies that directly
target the cost and availability of external finance to banks, households, and non-
financial companies”. Since external finance is generally more costly than the normal
short-term interbank money market rate, Smaghi (2009) saw unconventional monetary
policy measures as central banks’ effort to narrow the spreads between various forms
of external finance. Narrowing the spreads would influence the asset prices and the
flow of funds in the economy. Largely similar to Bernanke et al. (2004), Smaghi (2009)
mentioned two channels through which a central bank can affect the cost of finance in
the market: first, similar to Krugman (1998) and Svensson (2004), inducing the public
to expect a higher price level in the future or committing to maintain a certain monetary
policy; and second, altering the market conditions of securities, e.g., government bonds,
corporate debt, commercial papers and foreign assets, that have different maturities. For
the second channel, Smaghi (2009) proposed two different policy strategies: affecting
the level of the longer-term interest rate of all types of financial securities and, similar
to Bernanke (2009), affecting the risk spreads of these assets. The first policy is, again,

commonly referred to as quantitative easing, while the second is known as credit easing.
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Both of these policies function through altering the size and composition of central
bank balance sheet, but quantitative easing regards an increase in bank reserves, while
credit easing refers to an increase in private loans and securities. Thus, these measures
appear in opposite sides of a central bank balance sheet. In the following section, I
will describe quantitative easing in more detail, as it is perhaps the most commonly
used unconventional monetary policy tool and also the main focus of the analysis of my

thesis.

2.4 Quantitative easing

Perhaps the most well-known form of unconventional monetary policy has during the
past years been quantitative easing (QE). The phrase signals the shift in focus from
interest-rate steering towards targeting quantity variables. QE generally refers to the
monetary authority’s, i.e., the central bank’s large-scale purchases of different securities
from the market. Typically, the central bank acquires long-term government bonds,
which appear as assets in the central bank’s balance sheet. These acquisitions are
financed by increasing the commercial banks’ reserve accounts at the central bank,
which, in turn, appear as liabilities in the central bank’s balance sheet. Therefore, QE
essentially functions by altering the size of central bank’s balance sheet and as a result,
changing the prices of the securities held by the public, as was suggested by Bernanke et
al. (2004). The key idea behind this policy is that although the policy rate is constrained
by the ZLB, the central bank can still stimulate the economy through supporting the
long-term bond prices and this way lowering their yields. QE affects the economy and
boosts inflation through several different channels, which are illustrated in Figure 4
below. On a general level, when the central bank purchases assets from the market, the
prices of these assets increase, their yields decrease and as a result, cost of borrowing in
the economy decreases, which encourages taking out loans. As the economic activity in
the economy increases, the inflation eventually reaches the central bank’s target levels.
(Joyce et al., 2012.)

The Bank of Japan was the first central bank to implement QE measures between
2001-2006 after Japan had suffered from long-lasting deflationary pressures since the
1990s. After the great financial crisis, central banks in the US, the euro area and the UK

followed Japan’s example and started to adopt large-scale asset purchase programmes.
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Ever since then, their balance sheets have grown enormously. Throughout the years, the
Bank of England has bought mainly government bonds from the private sector, while the
Fed has bought government treasuries but also agency debt and agency-backed mortgage-
backed securities. The European Central Bank’s balance sheet expansion, on the other
hand, has happened mainly through its repo operations, where the bank purchases
loans in exchange for collateral, but in recent years, asset purchase programmes have
played an even larger role. (Joyce et al., 2012.)

For conventional monetary policy and setting the short-term interest rate, there
exists a general awareness about the size of the interest rate changes that are needed to
induce a desired response. Because QE is still a rather new tool even in a global context,
there is no such evidence about how it should be conducted. Therefore, central banks and
economists still need to examine closely, what kind of impact the QE policies have on
the economy and what could be the optimal setting of unconventional monetary policies.
However, as the knowledge about the transmission mechanisms of quantitative easing
is constantly growing, the optimal setting of QE is more and more easy to evaluate.
The next chapter focuses on the different transmission channels of QE, especially the

portfolio rebalancing channel which is central to the model employed in this thesis.
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Figure 4: Transmission channels of QE
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2.4.1 Transmission channels of QE

As explained above, the stance of monetary policy is generally considered to be “fully
described by the current and expected future level of the short-term policy interest
rate” (Andrade et al., 2016). Therefore, there used to be a robust view in monetary
economics that asset purchases alone could not impact the economy (Wallace, 1981;
Eggertsson and Woodford, 2003; Cuardia and Woodford, 2011). According to Andrade
et al. (2016), it was generally thought that the level of interest rates is a function of all
the possible future events, and that asset prices accommodate so that they reflect the
discounted future returns of that asset. Therefore, they argued that QE only reallocates
assets from private sector to a central bank, and thus should have no impact on the
present values of the returns. Dell’Ariccia at al. (2018) point out that the purchases
induce the financial markets and arbitrageurs to reposition their portfolios so that it
will offset the effect of the purchases. Therefore, central bank purchases are seemed as
irrelevant in conventional macroeconomic theories.

Although not having a substantial effect in theoretical models with no financial
market frictions, in practise, QE has been proven to have significant effects on the
economy. As the former Federal Reserve chairman Ben Bernanke once famously stated,
QE “works in practise, but it does not work in theory” (Bernanke, 2014). What Bernanke
meant is that in reality, financial markets are segmented, e.g., because of agents have
different preferences about which assets to hold, or because shorting the securities central
bank is selling may prove to be difficult. Therefore, it is very much possible that a central
bank’s quantitative easing works through some indirect channels, instead of having to
directly change e.g., the federal funds rate. Several indirect transmission mechanisms
of QE have in fact been detected, and these mechanisms have been modelled by e.g.,
Gertler and Karadi (2011) and Chen et al. (2012). The first developed a quantitative
monetary DSGE model with financial intermediaries to study the effects of central bank’s
unconventional monetary policy, while the second simulated the Fed’s second large-scale
asset purchase programme in a DSGE model with a bond market segmentation.

For example, if QE is interpreted as signals that the future interest rates will be
lower than previously expected, this would eventually change the future asset returns
and their prices. This is generally known as the signalling channel of QE. The signalling

channel relies on a similar assumption as a credible forward guidance: that a central
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bank’s communication about the future stance of monetary policy will keep interest rates
at a desired level. If QE is considered akin to forward guidance, then announcements of
maintaining QE should have a similar effect on asset prices and yields than forward
guidance. In addition, the actual act of purchasing assets is more visible to the market
and therefore it might be a more credible tool than a verbal promise about the future
path of interest rates. Alternatively, Bernanke and Reinhart (2004) point out that if
a QE policy is aggressive enough and perceived to be long-lasting, it might also have
expansionary fiscal effects: as long as the public expects the short-term interest rate to
be positive at least some day in the future, they will perceive government debt equal to a
current or future tax liability. So, by purchasing interest-bearing government debt from
the market, the central bank replaces it with non-interest-bearing bank deposits and if
the public expects the increase of money supply to be persistent, then the expected
interest payment on the government debt in the future, i.e., the expected tax burden,
declines. (Bernanke and Reinhart, 2004.)

Another transmission channel of QE, the reanchoring channel, takes into account
a unique path for expected future interest rates. According to Andrade et al. (2016),
if an economy is stuck at ZLB, the private sector may start doubting the central
bank’s ability to maintain price stability, and may then start to act on a self-fulfilling
liquidity trap equilibrium with deflationary pressures and low GDP levels, similar to
the one described in section 2.2. In such situation, QE may prove to be an effective
tool to reassure the private sector that the central bank can in fact reanchor inflation
expectations on stable levels. If the short-term interest rate is slightly positive, then
QE and expansionary monetary policy can reduce the rate somewhat, which may or
may not prove to be sufficient, but combined with the reanchoring effect, reduces the
private sector’s deflationary expectations. (Andrade et al., 2016.)

In addition, the agents that are selling these securities to the central bank are
typically rebalancing their portfolios by purchasing some other securities, which for
one will boost the prices of those assets, lowering yields and stimulating consumption
and investment in the economy. This channel of transmission is commonly referred
to as portfolio rebalancing channel and it is perhaps the most common and the most

studied channel. Portfolio rebalancing effect is present also in this paper’s model of
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unconventional monetary policy and therefore, the next chapter takes a deeper look

into its theory.

2.4.2 Portfolio rebalancing channel

The portfolio rebalancing channel refers to private investors’ tendency to change the
composition of their investment portfolios as the central bank is purchasing assets
from them. Typically, as the central bank purchases longer-maturity assets, investors
replace them with short-term assets, bank deposits. However, for many investors, bank
deposits are not a suitable substitute to long-term securities, and they will likely replace
them with other longer-term assets, such as corporate bonds, to maintain the initial
maturity of their portfolio. As a result, the demand for a wider range of longer-term
assets increases, lowering their yields. (Joyce et al., 2012.)

The efficacy of portfolio rebalancing channel depends on the so called imperfect
substitutability between the assets and bank deposits: the investors must prefer holding
long-term assets over bank deposits in order to portfolio rebalancing channel to work.
If bank deposits, i.e., money, is considered as an imperfect substitute to longer-term
financial assets, then increases in the money supply in the economy will only urge
investors to look for new financial assets to rebalance the returns of their portfolios.
This, on the other hand, will lead to an increase in these non-money assets’ prices and to
a reduction in their yields. Consequently, lower yields on long-term assets will stimulate
economic activity (Bernanke and Reinhart, 2004). The possibility that monetary policy
works through this portfolio substitution channel has been recognised in literature
for a long time: both Keynesians (e.g., Tobin, 1969) and monetarists (e.g., Brunner
and Meltzer, 1973 and Andrés et al., 2004) have investigated this channel in general
equilibrium models with optimizing agents (Bernanke and Reinhart, 2004). In addition,
more recent literature on the topic can be seen from e.g., Borio and Zabai (2016),
Carlson et al. (2020) and Bernanke (2020). (Joyce et al., 2012; Cecioni et al., 2018.)

The aforementioned imperfect substitutability of assets is based on the so called
preferred habitat theory, which was first introduced by Culbertson (1957) as well as
Modigliani and Sutch (1966). According to the theory, bond investors have a preference
for a particular segment of the yield curve that is offering a particular risk premium,

and shifting outside this segment carries higher risks; thus, the investors will only invest
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