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Executive Summary

In response to the turmoil after the bankruptcy of Lehmann Brothers in 2008 and due

to the events of the euro crisis in the subsequent years, market uncertainty skyrocketed.

In this highly volatile economic environment, the Federal Reserve Bank (Fed) and the

European Central Bank (ECB) implemented a variety of unconventional monetary policy

instruments in order to stabilize the tumbling financial system, restore the functioning

of credit markets and to stimulate the depressed real economy. These policies comprised

interest rate cuts close to the zero bound and large-scale asset purchase programs, whereas

the choice of instruments and the timing differed between the U.S. and the euro area.

We address the question of how the monetary policies in the U.S. and the European

Economic and Monetary Union (EMU) between 2007 and 2014 affected stock market un-

certainty. Similar to Bekaert et al. [2013], we use implied volatility indices in order to

proxy for market uncertainty. The results of our structural vector autoregressive (SVAR)

model indicate that monetary easing lowered uncertainty significantly in the medium-term

future. However, the effects die off in the long-run. These results hold for the unconven-

tional policy of the Fed as well as the conventional and the non-standard policies of the

ECB. However, the impulse responses of our SVAR models also indicate that the non-

standard monetary policy transmitted into the economy slower compared to the pre-crisis

period. This phenomenon is also stated in Peersman [2011]. For the EMU we, more-

over, find substantial asymmetries in the monetary policy transmission. The crisis policy

lowered uncertainty more effectively in Germany than in France. This result might have

interesting implications for European policy makers who have to deal with the negative

externalities of the euro crisis. Checking for spillover effects from the U.S. to the EMU,

we show that expansionary monetary policy shocks from the Fed are expected to lower

uncertainty in Germany and France significantly. This effect is found to be relatively

larger in the case of Germany. The OLS estimates of our event study provide further

support for the hypothesis that monetary policy shocks effectively lowered stock market

uncertainty.
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To summarize, our empirical results indicate that the crisis policy within the U.S.

and the EMU was effective in reducing market uncertainty. One can conclude that the

monetary policy played a key role for mitigating the negative externalities of the financial

crisis. Lowering uncertainty is expected to have positive effects on economic growth

and inflation (Bloom [2009]). Furthermore, it seems reasonable assume that the crisis

policy of the Fed and the ECB was a major factor for restoring the functioning of credit

markets and, thereby, also for assuring the effctiveness of the monetary policy transmission

mechanism.
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Chapter 1

Introduction

The recent financial crisis, which had its origin in the U.S. housing market bubble and

was triggered by the fall of Lehman Brothers in 2008, brought two macroeconomic key

variables back into the focus of the public and academic debate - uncertainty and mone-

tary policy. In response to the turmoil after the bankruptcy of one of the world’s leading

investment banks economic uncertainty skyrocketed, and investors started to reconsider

the riskiness of their portfolios and their counterparties. During this process asset prices

plummeted, private sector balance sheets deteriorated, mistrust between market partici-

pants and uncertainty regarding the economic outlook rose and credit markets dried out.

In this situation, governments in most developed economies enacted extensive rescue pack-

ages to stabilize their tumbling financial sectors, which had come into trouble due the lack

of liquidity. Complementing the crisis policy of the national governments, central banks

took up a key role in mitigating the negative externalities of the crisis. In order to stabilize

the financial system and to restore the functioning of credit markets, central banks in the

western world implemented a variety of unconventional monetary policy instruments. Of

most importance, they cut interest rate to the zero lower bound and engaged in large-scale

asset purchases. Throughout this process, monetary policy makers emphasized that their

primary objective was to satisfy their mandate of financial and medium-term output and

price stability. The crisis policies should also be seen in this context, since excessive liq-

uidity provision, obviously, helps minimizing the risk of a bank becoming illiquid and it,

moreover, should have positive effects on economic growth. However, it must be stressed

that, in this respect, economic uncertainty is of great importance for the effectiveness

1
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of the monetary policy transmission mechanism (Bloom [2009]). On the one hand, high

uncertainty has negative effects on economic growth and, thereby, implies a tendency for

lower inflation rates. Ceteris paribus, this would imply the need for a rather expansionary

monetary policy. On the other hand, greater uncertainty might cause distortions on the

credit markets and, thus, harms the transmission mechanism of conventional monetary

policy. If uncertainty is extraordinarily high and credit markets are dysfunctional, then

interest rate cuts by the central bank might not be passed through to the private sector

and the real economy. Hence, such standard monetary policy tools might not unfold the

desired effects. It is for these reasons that it seems plausible to assume that monetary

policy was, at least to a large extent, designed to reduce market uncertainty. This lets us

draw the conclusion that it is crucial to understand the the impact of monetary policy on

uncertainty during the financial crisis and the ex post period, if one wants to evaluate the

effectiveness of central bank policies. A monetary policy that aims to support macroeco-

nomic stability in the medium-run implicitly has to focus on keeping uncertainty below a

certain threshold. Reducing uncertainty should have the desired positive effects on output

and inflation. Further, it is expected to help restoring the functioning of credit markets

and, thereby, the functioning of the transmission mechanism of traditional monetary pol-

icy.

In this thesis we try to shed light on the question how monetary policy, and in partic-

ular the unconventional monetary policy tools, affected stock market uncertainty in the

U.S. and the European Economic and Monetary Union (EMU) between 2007 and 2014.

Our approach is highly inspired by earlier publications that deal with the empirical anal-

ysis of the transmission mechanism effects of monetary policy in general and monetary

vector autoregressive (VAR) models in particular. These include Bernanke and Blinder

[1992], Roberts [1998], Bernanke and Gertler [2000], Kuttner [2001] and Bernanke and

Kuttner [2004], to name a few. Furthermore, we contribute to the vast growing literature

on the impact of unconventional monetary policy on asset markets. In this context, our

research is in line with, for example, Carr and Wu [2009], Bekaert et al. [2013], Wright

[2012], Glick and Leduc [2013] and Lutz [2014], who provide evidence for the effectiveness

of non-standard monetary policy during the crisis. Our thesis is probably most related
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to Bekaert et al. [2013] who quantify the impact of the U.S. monetary policy on stock

market uncertainty during the pre crisis and the crisis periods. We believe that this rela-

tion becomes particularly interesting for times of financial distress, since unusually high

uncertainty should be conflicting with a central bank’s objective function. Therefore, ef-

fective crisis policies should contribute to lower market uncertainty. Our research extends

existing literature by estimating the impact of unconventional Federal Reserve Bank (Fed)

policies on implied volatility of the S&P 500 for an up to date sample period. In addition,

we provide evidence on how the ECB policy during the crisis affected uncertainty within

the EMU. To our knowledge, this publications is the first which deals with this topic.

Furthermore, we also contribute to the research on asymmetries of monetary policy trans-

mission within the EMU. Comparing transmission mechanism effects between different

eurozone member countries might prove useful in order to understand the channels of the

ECB policy and to shed light on the importance of optimum currency area criteria for

monetary policy decisions. The majority of the literature addressing the heterogeneity of

the EMU was published in the run-up and the early years of of the common European

currency (e.g. Ehrmann [1998]; Angeloni and Ehrmann [2003]). However, especially since

the events of 2008 this topic has gained attention again. The crisis within the euro area

revealed substantial heterogeneity and growing divergence between the individual member

countries (Sinn and Wollmershäuser [2011]). Thus, it seems reasonable to assume that one

common monetary policy might unfold different effects on the individual EMU member

countries. With our research we hope to give additional insight into the potential exis-

tence of such asymmetric monetary policy transmission mechanism effects. With regard

to that, our results might reveal important information for academia and practitioners.

Another topic that we address is the existence of spillover effects from one currency area

to the other. The importance of this research is, for example, discussed in Neely [2010]

or Wright [2012]. Here, we focus on spillover effects from the U.S. policy to the EMU

markets, since we assume the Fed to be the dominating central bank. Next to answering

the aforementioned empirical questions, we intend to create in-depth knowledge about the

topic as a whole and try to make a smooth transition between the first introductory chap-

ters and our empirical part. The interested reader should be provided with the theoretical

fundamentals of the transmission mechanism effects of conventional and unconventional
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monetary policy. Here, we aim to stress the similarities and differences between some of

the most influential macroeconomic models and show their implications. Moreover, we

want to provide detailed summaries of the monetary policy events since 2007 and the

corresponding findings of empirical economic literature regarding the effectiveness of the

crisis policy. With respect to uncertainty, we aim create detailed knowledge about implied

volatility indices, its interpretation and usage and its importance during times of financial

distress.

In our empirical approach we propose different measures for the monetary policy stance

in the U.S. and the EMU to account for the different policy characteristics between these

two currency areas. We follow economic literature and proxy for uncertainty by using

implied volatility indices, which measure expected stock market volatility based on op-

tion prices. Our main weapon of choice for the empirical strategy is a structural VAR

(henceforth SVAR) model. It allows us to identify monetary policy shocks and to estimate

the long-term impact of monetary policy on uncertainty. In addition, we also provide evi-

dence on how volatility shocks impacted the business cycle, since this relation is of crucial

interest for policy makers. Moreover, we check for spillover effects from the Fed policy

to the EMU markets because it is likely that the U.S. policy creates global effects (Neely

[2010]). In this context, we additionally employ an event study methodology, where we

use high-frequency data to identify the policy shocks. In general, our results indicate that

the monetary policy since the outbreak of the financial crisis had similar effects compared

to earlier years. We estimate monetary easing to lower uncertainty in the medium-run

and the effects die off in the long-run. However, the effects are not as large and less

statistically significant than has been found by previous research. The reason for that

might be the uncommonly high volatility during our sample period. One of our most

interesting result is that we find evidence for substantial asymmetries in the monetary

policy transmission within the eurozone. The effects on uncertainty differ substantially

between Germany and France. Furthermore, we find volatility shocks to lower industrial

production in the medium-run in all our sample countries, as would be expected by eco-

nomic theory and has also been found by Bloom [2009], for example. The findings of the

high-frequency study are less clear cut. We do not find strong evidence that unexpected
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monetary policy shocks during the financial crisis had a significant instantaneous impact

on implied volatility. These findings, support the results from the SVAR model, where we

show that the impulse responses are insignificant for the first few months. Interestingly,

we find significant instantaneous reaction of uncertainty in response to unexpected mone-

tary policy shocks, if we demean the implied volatility indices. This result indicates that,

on the one hand, there are likely to be several other factors at play influencing volatility

expectations than solely central bank decisions. However, monetary policy still seems to

be relevant for actual pricing decision, at least in relative terms, once the data is smoothed.

The following thesis is structured as follows. Chapter 2 introduces to the theoretical

and practical foundations of conventional and unconventional monetary policy. Here, we

first provide the reader with the implications of some of the most influential macroe-

conomic models dealing with monetary policy and its transmission mechanism effects.

Thereafter, we analyze the actual policy decisions of the Fed and the European Central

Bank (ECB) and summarize the main events between 2007 and 2014. The last subsection

of chapter 2 summarizes the empirical literature regarding the transmission mechanism

effects of unconventional monetary policy in the U.S. and the EMU. In chapter 3 we give

a detailed introduction to the underlying fundamentals and the importance of implied

volatility indices, which serve as our key dependent variable. The chapter informs about

the intuition of such indices and provides detailed summary statistics for the past ten

year period. Thereafter, in chapter 4 we describe the empirical approach for measuring

the long-term effects of monetary policy and present our data and the results. Chapter

5 establishes additional evidence for the effect of monetary policy shocks on uncertainty

by using the event study methodology. We estimate the impact of unexpected Fed policy

announcements on the U.S. and the EMU markets. Chapter 6 concludes.



Chapter 2

A Guide to Monetary Policy

This chapter provides the basis of our thesis. We first introduce the reader to the the-

oretical fundamentals of conventional and unconventional monetary policy rules and the

corresponding transmission mechanisms. Thereafter, we give a detailed description of the

most important monetary policy events in the U.S. and the EMU since 2007 and interpret

them qualitatively. Finally, we summarize some of the most relevant empirical literature

regarding the transmission mechanism effects of unconventional monetary policy.

2.1 Conventional Monetary Policy in Theory

In most developed economies monetary policy is conducted by (more or less) independent

central banks that follow a well defined mandate. This mandate is usually based on two

pillars (Glick and Leduc [2013]). The first one is an objective for price stability, which

means that the inflation rate should be kept below a certain threshold in the medium-

run. For the U.S. and the euro area this means an annual growth in consumer prices of

close to but less than two percent. The second pillar is the goal of stable output or, said

differently, maximum employment. A monetary policy strategy with a focus on these two

macroeconomic indicators is, therefore, called a dual mandate. Nevertheless, it should be

mentioned that the priorities, set on either one of the target variables, might vary between

different countries. With regard to the aforementioned policy objectives, the following

subsections give insight into the main instrument of conventional monetary policy. They

6
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provide a detailed explanation of the corresponding policy rules and, moreover, describe

the transmission mechanism effects of traditional monetary policy tools.

2.1.1 The Taylor Rule

The most common tool of central bankers is the adjustment of the official short-term

interest rate. In the U.S., for example, this would be the Federal Funds Rate. In the euro

area this would be the marginal lending rate of the ECB. Such a policy, which intends

to change these interest rates in order to impact the macroeconomic target variables, is

referred to as conventional monetary policy. However, choosing the optimal interest rate

can be challenging. Therefore, economists have developed certain rules which should serve

as a guideline and help central bankers to make their final decision. In this context, the

maybe most recognized model is the Taylor rule (Taylor [1993]). The author describes the

optimal nominal interest rate as a function of two variables; 1. the deviation of inflation

from its desired level and 2. the output gap (Clarida et al. [1998]). The former variable

describes the pre defined threshold of the maximum acceptable annual increase in con-

sumer prices.1 The latter variable is defined as the deviation of the GDP from its natural

rate. Thus, a negative value of the output gap implies a relatively low actual GDP and,

therefore, justifies the need to stimulate the economy and to boost aggregate output (and

vice versa). On the one hand, the Taylor rule predicts that, ceteris paribus, the interest

rate should be increased when inflation increases. This is due to the fact that higher inter-

est rates are expected to have a negative effect on aggregate investment and consumption

(Obstfeld et al. [1996]). Hence, a higher rate can slow down an overheating economy and

reduce inflationary pressure (Woodford and Walsh [2005]). On the other hand, a larger

output gap corresponds to a relatively low level of GDP. Therefore, the official short-term

interest rate should be lowered when output and employment are relatively low in order

to stimulate the economy and to restore the natural production level. The most basic

version of this monetary policy rule was introduced by Taylor (1993) and is illustrated in

equation (2.1), where the variables are nominated in percentage points. In equation (2.1)

the optimal interest rate (r) depends positively on the deviation of actual inflation (p)

1For an introduction into consumer price index calculations see, for example, Bryan and Cecchetti
[1993].
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from its desired level and positively on the current output (y)2. The numerical values

for the intercept and the coefficients are taken from the authors estimates for the U.S.

economy and should rather be considered as an illustrative example.

r = p+ 0.5y + 0.5(p− 2) + 2 (2.1)

The Taylor rule is a well recognized model in academia and by practitioners. Neverthe-

less, it is just an approximation to describe the reality and, as most stylized models, it has

certain drawbacks. A severe weakness is that the nominal interest rate is only a function

of current inflation and does not depend on expected future price movements. An exten-

sion of the basic Taylor rule, which tries to overcome this issue, is described in Clarida

et al. [1998]. The authors present a model with forward looking and rational agents. In

their model the optimal nominal interest rate policy (r∗) is assumed to be a function of

expected inflation (π) and output fluctuations (x ), and it nests the basic Taylor rule as a

special case.3 Further, the authors incorporate a smoothing parameter (ρ) in their version

of the central bank’s reaction function because they argue that central banks are likely to

prefer to smooth interest rates over time. In equations (2.2) and (2.3) the central bank’s

actual interest rate decision is illustrated as function of the optimal interest rate choice,

that would have been predicted in absence of a preference for smoothing, and the actual

past periods interest rate level.

r∗t = α + β(E[πt,k|Ωt]− π∗) + γE[xt,q|Ωt] (2.2)

rt = (1− p)r∗t + ρrt−1 + vt (2.3)

Compared to Taylor [1993], the implications of Clarida et al. [1998] are fairly similar,

except for the facts that market participants’ expectations, future macroeconomic con-

ditions and the previous path of the interest rate matter for central bank policies. Such

interest rules are widely stated in economic literature. However, it seems worth noting

2According to his definition, a positive (negative) value of y implies that output is relatively high (low)
and, therefore, interest rate should be increased (decreased) to slow down (boost) economic growth.

3Please, note that E is the expectations operator.
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that the simplicity of these policy rules might have certain disadvantages. The underly-

ing assumption of generally rational expectations, for example, can be put into question.

Moreover, an inflation targeting policy might prove to be too inflexible and can potentially

cause a short-term loss in output compared to a more accommodative monetary policy

(Roberts [1998]).

2.1.2 The Transmission Mechanism

As has been mentioned above, conventional monetary policy means to directly affect nom-

inal short-term interest rates. These adjustments are intended to influence the public and

private sectors’ financing costs, which ultimately create the desired impact on inflation

and output. So far, it should have become clear how central banks can choose on their

interest rate policy. However, little has been said about the channels through which ad-

justments of the official short-term interest rates influence financing premia for the public

and private sectors and, ultimately, impact inflation and output. Moreover, the most

relevant interest rates for investment and consumption decision should be the long-term

rates and not the official short-term interest rates (Andrés et al. [2004]), which might seem

puzzling up to now. In the following, we try to shed light on the transmission mechanism

effects of standard monetary policy and show how the adjustment of short-term rates

affects the real economy.

There are several explanations why long-term borrowing costs are influenced by central

bank policies and how such a drop in the yield curve can have real effects on macroeco-

nomic variables. It is recommended not consider these theories as competing but rather as

complementing each other. The probably most accepted explanations are as follows. First

of all, the official interest rate is the key measure for the costs of liquidity for the private

banking sector. Therefore, the official rate should also be reflected on the interbank money

market for short-term liquidity because contracts with short maturities should normally

be close substitutes.4 If markets are well functioning and sufficiently competitive, then

this change in the banks’ financing costs should be passed through to the customers, at

least for consumer lending with shorter maturity. Hence, an increase (decrease) in the

4Such close substitutes might, for example, be overnight lending with the central bank involved as one
counterparty, on the one hand, and the interbank market, on the other hand.
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official rate implies that the borrowing costs for the private sector increase (decrease).

Such an increase (decrease) in borrowing costs should cause aggregate consumption and

investment to decrease (increase). One example for this relation could be related to the

return of an investment project. Greater financing costs for this specific project would

imply a greater required return on investment in order for the investment to break even

(Modigliani and Miller [1958]). Therefore, less projects should be considered valuable,

due to the higher interest rate. As a consequence, less investment would take place and

aggregate output would tend to be relatively lower than it would be if interest rates had

not been increased. It is this change in aggregate consumption and investment that should

yield the well known effects on economic growth and inflation. A higher (lower) interest

rate slows down (boosts) aggregate output growth, thereby lowers (increases) employment

and creates deflationary (inflationary) tendencies (Obstfeld et al. [1996]). In addition to

this explanation, the long-term interest rates, which might be even more relevant for in-

vestment decisions than short-term rates, can be interpreted as a weighted average of the

individual short-term interest rates (Pennacchi [2008]). This is due to the agents’ option

of substituting a long-term debt contract with several short-term contracts. The long-

term debt could, for example, be replaced by several contracts with shorter maturities

that are rolled over each period. At the time of maturity both debt contracts would yield

the same payoff and should, therefore, have the same fundamental value. Thus, a change

in the Federal Funds Rate should not only affect short-term interest rates but should also

impact rates for longer maturities. In economic terms, this corresponds to a shift and/or

slope change of the yield curve. However, the magnitude of the impact on long-term rates

depends on the credibility of the central bank and the market expectations regarding the

future interest rate path (Kuttner [2001]). A forward guidance policy that credibly com-

mits to low interest rates for a long time period is likely to have a relatively strong impact

on long-term rates.

Another channel through which conventional monetary policy can transmit into the

economy is based on the optimal portfolio choice argument. If the official short-term

interest rate gets reduced and, thereby, also lowers the short-term interbank yields, then

yields of comparable assets should decrease as well (Andrés et al. [2004]). Otherwise,
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there would be an arbitrage opportunity and investors would have an incentive to buy

(short sell) the relatively cheap (expensive) high (low) yield assets. This is due to the

fact that relative pricing relations between different assets matter and that these relations

do not necessarily change in response to standard central bank actions. Since investors

are likely to exploit arbitrage opportunities, these trades drive the prices of the relatively

cheap (expensive) comparable assets up (down). During this process the yields converge

until the arbitrage free pricing relations between different assets are restored. Ultimately,

the effect of yield curve changes on macroeconomic variables is expected to be the same

as described above.

Finally, another mechanism that causes financing costs to change and real macroeco-

nomic variables to move in response to official rate adjustments is the balance sheet chan-

nel (Bernanke and Gertler [1995]). The term describes policy effects on private agents’

wealth and it is best described by an example. Firstly, if the Federal Funds Rate gets

lowered, then the short-term financing costs for the private sector are reduced, as has also

been explained above. Secondly, it has been shown that expansionary monetary policy

causes asset returns to decrease and, similarly, asset prices to increase, since bond yields

and prices move inversely. These two effects cause agents balance sheets to improve. On

the one hand, the lower rates imply a smaller interest burden for companies, which frees

up capital and, thereby, causes the balance sheet to improve. On the other hand, higher

asset prices create positive balance sheet effects, if a firm, for example, owns the particular

assets that increase in value in response to the expansionary monetary policy. Further,

the strengthened capital base makes firms more credit worthy. Thus, their risk premia for

external financing might decrease and, thereby, their incentives to undertake investments

should increase. In any case, the decrease in the companies’ risk premia is likely to lead to

an increase in aggregate investment, which causes output and the price level to increase.

The vice versa argumentation holds for a restrictive monetary policy.

Interest rate adjustments are the most commonly used tool of modern monetary policy,

but conventional monetary policy comprises more instruments. One of these tools is the
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minimum reserve requirement (Folkerts-Landau and Garber [1992]). This is the percent-

age of all its outstanding loans a private bank must hold on its central bank account. The

minimum reserve should assure that a bank holds enough collateral in case of financial dis-

tress. Additionally, it limits a bank’s ability to create new bank money by giving out new

loans. In particular, the impact on the ability to create new loans can unfold a significant

impact on aggregate investment and consumption. A higher (lower) minimum reserve re-

quirement lowers (increases) the banking sector’s capacity to create new deposits, which

causes interest rates to increase (decrease), ceteris paribus. Hence, this would yield lower

(higher) aggregate output and inflation rates. Another instrument of central bankers that

might influence the money supply is the adjustment of the accepted collateral, which

private banks can use to get fresh central bank money in exchange. Stricter (less strict)

requirements for the collateral imply that private banks have less (more) possibilities of

obtaining liquidity through the central bank. Thus, the private banking sector has a lower

(higher) capacity for creating new loans, which is expected to yield similar effects as in

the case of the minimum reserve requirement.

As a concluding remark, it can be said that conventional monetary policy mainly tries

to affect expectations, and thereby actual real variables, through short-term interest rate

changes. There are multiple transmission mechanism channels through which the economy

can be affected by the interest rate policy of the central bank. Nevertheless, all these

theoretical channels assume well functioning markets and do not take the possibility of

major disturbances, for example a financial crisis, into account.

2.2 Unconventional Monetary Policy in Theory

After providing the theoretical fundamentals of conventional monetary policy, we now

place emphasis on the unconventional policy instruments. At first, the corresponding

tools and the expected transmission mechanism are described. Finally, we interpret the

predictions of macroeconomic models dealing with the effectiveness of unconventional

monetary policies.
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2.2.1 Tools and Transmission Mechanism

Economists generally distinguish between conventional and unconventional monetary poli-

cies. As has been described in the previous subsection, conventional monetary policy is

mainly associated with adjustments of official short-term interest rates. On the contrary,

unconventional monetary policy includes several additional policy instruments. It should

be made clear from the beginning, that such unconventional policies have the same pur-

pose as conventional policies. They are designed to boost economic growth and inflation

expectations when traditional policies fail to create the desired effects. This subsection

intends to provide deeper understanding of these unconventional policy instruments and

its transmission mechanism effects.

Unconventional monetary policy comprises two key tools for central bankers. The first

one is an official short-term interest rate policy at the zero bound. The second one are

large-scale asset purchase programs. In this context, a central bank might be able to ad-

ditionally impact long-term interest rates by a forward guidance strategy (Gagnon et al.

[2011]). Since long-term interest rates are a weighted average of the individual short-term

rates, low expected future interest rates translate into low actual long-term rates, at least

under normal circumstances (Pennacchi [2008]). Therefore, a credible commitment to

keep official interest rates low and to continue the asset purchase program for a longer

period can have significant effects on current long-term rates (Woodford [2012]). In this

case, the adjustment of official short-term yields causes the whole yield curve to shift

down. However, the key issue, if the interest rate has been set close to zero, is that it

(usually) cannot be lowered any further. This is due to the fact that private agents have

the outside option of holding their funds in non-interest bearing cash rather than on pri-

vate or central bank accounts (Joyce et al. [2012]). Furthermore, adjustments of official

short-term rates might not create the desired effects, if the transmission mechanism of

conventional monetary policy is disturbed, for example in times of financial turmoil.

For the scenarios where conventional monetary policy fails to transmit into the economy

or is not feasible, additional policy tools are needed. In this regard, the most common

instrument is quantitative easing (QE). Such a policy incorporates asset purchases by the
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central bank. These purchases aim to affect the yield curve for a variety of asset classes,

even for those which are not subject to the asset purchase program. Hypothetically, the

central bank is not restricted on buying specific asset classes. It is free to choose which

strategy fits its mandate best. The central bank could, for example, decide between cor-

porate or sovereign debt with medium- or long-term maturities, but it could also decide to

buy more exotic asset backed securities. The large-scale asset purchases might transmit

into the economy through different channels. Firstly, a QE program implies that the cen-

tral bank expands its balance sheet (Shiratsuka et al. [2010]). This is because the central

bank buys assets on the market and provides new central bank money in exchange for

these assets. As a consequence, the central bank books the value of the corresponding

securities on the asset side and a liability against the receiver of the newly created funds

on the liability side of its balance sheet.5 In this scenario, greater liquidity might help

to stabilize the financial system when the money market functioning is disturbed during

times of financial distress (Joyce et al. [2011]). The expansionary monetary policy might

help to restore trust in the solvency of the banking system, uncertainty could be reduced

and, thereby, risk premia might be lowered. Moreover, the greater supply of liquidity

might increase the demand for financial assets in general, which would lower their yields.

Further, the appearance of the central bank as an additional buyer on the asset markets

implies an exogenous increase in aggregate demand for the assets subject to the large-scale

asset purchase program. This should cause the prices of these assets to increase and their

yields to decrease. Since these assets now become relatively more expensive compared to

similar assets (that are not part of the purchase program), the demand for the relatively

cheaper assets should increase as well which causes their prices to increase (Doh [2010]).

This seems plausible because relative valuations between comparable assets matter for

investment decisions (Damodaran [2005]). Otherwise, there would be an arbitrage oppor-

tunity by exploiting the interest rate spread between the comparable assets. According to

traditional economics and finance theory, such arbitrage opportunities do not survive and

5Here, it should be kept in mind that this result does not hold in the special case, where the central
bank sterilizes its open market interventions by buying new and selling old assets of the same amount
(Calvo [1990]). In this case, the money supply would not change but only the composition of the central
bank’s balance sheet. In the following we assume that open market operations are not sterilized and that
QE provides a substantial liquidity stimulus.
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should, therefore, be ruled out (Pennacchi [2008]). Additionally, one can argue that the

overall decrease in long-term yields in response to the central bank’s purchase program

could be a result of the lower supply of long-term bonds available to the private sector.

Pension funds, for example, that have a preference for assets with longer maturities would

then be expected to bid up the price of such assets and the yields would decrease (Camp-

bell and Viceira [2002]).

Finally, the private banking sector should also be more willing to provide funds to the

private and public sectors in response to the central banks announcement of large-scale

asset purchases. This is because QE implies a higher liquidity of the corresponding debt

obligations. It signals that investors have the option to exchange these assets for new

central bank money at any time (Gagnon et al. [2011]). Since the central bank thereby

eliminates part of the liquidity risk, the risk premia of the assets are expected to decrease.

For the bond market as whole, this implies an overall decrease in the yield curve, resulting

from the supply side of liquidity. On the demand side for credit, the unconventional mon-

etary policy actions should provide greater incentives for agents to increase their demand

for credit (Andrés et al. [2004]).

To summarize, the two main instruments of unconventional monetary policy are an

interest rate policy at the zero bound and, additionally, large-scale asset purchases, which

should work as a substitute for the missing ability to lower interests any further. The

intention of unconventional policies is similar to conventional monetary policy decisions.

The central bank tries to satisfy its mandate of medium-term price and output stability.

2.2.2 Macroeconomic Models

The predictions of theoretical macroeconomic models on the effectiveness of unconven-

tional monetary policy are ambiguous. A common feature of most of the models in

question is that their argumentation is based on the private sector’s portfolio balance de-

cisions. However, the results crucially depend on underlying assumptions. Eggertsson and

Woodford [2003], for example, take a rather critical stand point towards the effectiveness
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of large-scale asset purchases. The authors show the neutrality of asset purchases in a dy-

namic intertemporal model with a microeconomic foundation. They assume homogeneous

agents, rational expectations and perfect substitutability between different asset classes.

With these key assumptions the model predicts that asset purchases by the central bank

do not transmit into a lower yield curve because the market participants would simply

adjust their portfolios, such that no real price changes occur. In the model the central

bank policy does not change the underlying fundamental values of the assets. Hence,

investors do not have any incentive to hold the relatively more expensive assets whose

prices are driven up by the central bank purchases. Further, the authors state that QE

was ineffective in altering agents’ expectations regarding future macroeconomic variables

and inflation expectations, in particular. As a result, a QE policy was not effective in

influencing actual inflation and it should, therefore, not be considered as a separate policy

tool. Nevertheless, the authors acknowledge that negative interest rates might be sug-

gested according to the Taylor rule when large macroeconomic shocks occur. However,

it is stressed that interest rates below zero were neither feasible nor an optimal policy

according to their model. Eggertsson and Woodford [2003] note that, due to the inef-

fectiveness of unconventional monetary policy, there would be a welfare loss, if negative

interest rates were theoretically optimal but impossible to implement.

As has been mentioned above, the neutrality proposition of unconventional monetary

policy hinges on the assumptions of the model. It can be shown that the neutrality re-

sult fails, if some of the fundamental assumptions, like homogeneous agents and perfect

substitutability among assets, are relaxed towards a more realistic setting. Andrés et al.

[2004] illustrate the effectiveness of large-scale asset purchases in a Dynamic Stochastic

General Equilibrium (DSGE) model. Here, asset purchases by the central bank have

real effects on macroeconomic variables through the portfolio balance channel. The key

assumptions of the model are heterogeneous forward looking agents and imperfect sub-

stitutability between different asset classes. It is assumed that there are two types assets

classes, a short-term and a long-term zero coupon bond, whereas there does not exist any

secondary market (to simplify the analysis). Short- and long-term bonds are considered

as imperfect substitutes because households face time dependent, previously unknown
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transaction costs for the purchase of long-term bonds. Additionally, the long-term debt

obligations are considered to be more risky compared to the asset with shorter maturity.

Especially the latter assumption seems plausible because the longer the time horizon the

more uncertain the payoff, due to the risk of default (Fama and French [1993]). In their

theoretical framework, the authors model an economy with three different sectors:

– households as the buyers of government bonds

– the public sector

– firms.

The households choose their optimal holdings of short- and long-term bonds by maxi-

mizing their lifetime utility function subject to the budget constraint, which states that

current income from bond principals, labor, dividends and lump sum transfers must be

equal to the sum of current consumption, real money holdings and real bond holdings.

In Andrés et al. [2004] the transmission mechanism of unconventional monetary policy

works as follows. If the central bank engages in open market purchases, it can influence

aggregate demand via two channels. Firstly, the purchase of long-term assets lowers ac-

tual and expected future short-term bond yields as well, due to the heterogeneity of the

agents. Secondly, the yield spread between long- and short-term bonds is reduced, since

the supply of long-term bonds available to private investors decreases because of the cen-

tral bank purchases. In this context, it is shown that the relative availability of long-term

to short-term-bonds matters and that a relative scarcity of one of them causes its price

to increase. This implies that private agents are willing to accept lower yields on these

assets in order to be able to participate in the corresponding market. It is this impact on

the yield curve, which causes aggregate demand to react to large-scale asset purchases.

The authors explicitly mention that this model provides a justification for using QE as a

separate policy tool.
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2.3 Monetary Policy in Practice since 2007

To fully understand the monetary policy decisions one should consider these in the light of

the global financial crisis. In the wake of the financial turmoil of 2008, which had its origin

in the burst of the U.S. housing market bubble and the bankruptcy of the investment bank

Lehman Brothers, major central banks implemented a variety of unconventional monetary

policy instruments (Shirakawa [2009]). These comprised two main elements. Firstly, low

interest rate policies close to the zero bound. Secondly, asset purchase programs to provide

additional stimulus to the economy and to take pressure from private sector balance sheets.

In addition to these key elements, central banks strongly engaged in forward guidance to

send clear signals about their long-term strategy to the market. Such forward guidance

strategies serve as a tool to reduce uncertainty about the future path of monetary policy.

In the case of an actual low rate period, it should be expected that effective forward

guidance causes a substantial decrease in long-term yields because markets should expect

interest rates to stay low for a longer period. As a consequence, the forward guidance

can exert impact on the real economy through its effect on long-term rates. Generally,

the unconventional policies were designed to compensate for the ineffectiveness of the

transmission mechanism channel of conventional monetary policy and to stabilize the

tumbling financial system (International Monetary Fund). On the one hand, central

banks aimed to fight the deflationary tendencies. On the other hand, the expansionary

monetary policy was used as a tool to restore the functioning of capital markets. The

following section summarizes the main monetary policy events in the US and the EMU

since the early stages of the financial crisis.

2.3.1 The U.S. Policy

The qualitative description in this subsection draws, for example, on the research of Wright

[2012], International Monetary Fund and Lutz [2014], who provide extensive summaries

and interpretations of the Fed’s major monetary policy decisions. In the aftermath of the

financial crisis, the Fed was one of the first central banks that lowered its official interest

rate towards the zero bound. After a gradual decrease of the Fed Funds Rate from 425

basis points (henceforth bps) to 100 bps during the year 2008, the Fed finally reduced its

official short-term interest rate to 25 bps on December 16 2008. Since then and up until
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the first half of 2015 interest rates had been kept close to zero. The development of the

Fed Funds Rate from January 2005 to March 2015 is illustrated in figure 2.1. One can

see the sharp and persistent decrease in the Fed Funds Rate since 2008. These policy

decisions were made to dampen the negative effects of the financial crisis on output, to

fight deflation and to stabilize the U.S. financial system. The Fed aimed to stimulate

aggregate investment and consumption and, thereby, intended to boost economic growth.

This strategy was said to be an adequate response to the negative macroeconomic shock

caused by the crisis. In this uncertain economic environment, which lowered output below

its natural rate, unemployment skyrocketed and deflationary tendencies arose. As has

been described above, such a policy is in line with the Taylor rule, which would predict a

lower nominal interest rate for such a scenario in order to prevent medium-term inflation

expectations to fall substantially below two percent and to support the natural output

level.
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Figure 2.1 Fed Funds Rate vs. ECB Rate

Note: The figure illustrates the development of the monthly prime rates. The Fed
Funds Rate is drawn in black and the ECB Rate is drawn in grey.

Complementing its low interest rate policy, the Fed additionally followed a forward

guidance strategy to influence investors’ expectations regarding the path of future rates.

In particular during the early stage of the financial crisis, the Fed sent strong signals to the

market that it would keep its rates low for a longer time period and it would follow this
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policy as long as necessary to guarantee price and output stability in the medium-term.6

The second major component of the Fed’s unconventional monetary policy strategy were

large-scale asset purchases. These implied an expansion of the Fed’s balance sheet and a

substantial increase in the monetary base. Until the first half of 2015 the Fed introduced

three rounds of its QE program. The decision to engage in large-scale asset purchases was

made because, theoretically, the optimal interest rate predicted by a (modified) Taylor rule

would have been less than zero. Since interest rates cannot be set below this threshold

(due to the existence of cash), the QE strategy was considered as an effective tool to

provide further monetary stimulus to the economy where traditional policies failed to

create the desired effects. Between the end of 2008 and the first quarter of 2009 the Fed

signaled various times that it would consider buying assets on the secondary market (Lutz

[2014]). The objective of the policy was to stop the deterioration of asset prices, to reduce

deflationary tendencies and to help restoring the natural output level. In March 2009 the

Fed then announced its first actual large-scale asset purchase program.7 With regard to

that, it was stated that the Fed would purchase long-term assets worth more than one

trillion dollars in total. The main component of the program were purchases of MBS

securities worth $750 billion. Moreover, it was said to buy long-term U.S. sovereign debt

for $300 billion and other agency debt worth $100 billion. It was made clear in the Federal

Open Market Committee (henceforth FOMC) statement that these policy instruments

were designed to stimulate aggregate investment and consumption, which should boost

economic growth and bring inflation back to its target level. Additionally, it was intended

to flatten the yield curve for longer maturities, take pressure from private banks’ balance

sheets and, thereby, to restore the functioning of credit markets, since these are a key

pillar of investment and consumption choices. Especially with regard to the stabilization

of credit markets, it should be kept in mind that such a policy directly implied the target

of lower uncertainty, since the dysfunctionality of credit markets was mainly due to the

uncertain economic environment. The second round of the QE program was announced

in November 2010.8 The policy instrument comprised monthly purchases of long-term

6See FOMC Statement March 18, 2009.
7See FOMC Statement March 18, 2009.
8See FOMC Statement November 3, 2010.
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treasuries of $75 billion on average over the subsequent eight months. The reasons why

the Fed continued to pursue its expansionary monetary policy were similar compared to its

first QE round. It was implemented because of the slow recovery of the U.S. economy and

an actual inflation rate below the target level of two percent. Finally, the Fed announced

its third (and up until mid 2015 last) round of large-scale asset purchases in December

2012.9 The third QE program included monthly MBS and long-term treasury purchases

worth $40 and $45 billion dollars, respectively. No explicit date was stated when the

program would run out, which might have been part of the forward guidance strategy

to signal that the accommodative policy would be continued until the Fed’s objective of

stable prices is satisfied. A summary of all relevant U.S. monetary policy events between

2008 and 2014 is provided in table 2.1. The summary is based on Lutz [2014] and it gives

a detailed overview of the individual events.

9See FOMC Statement December 12, 2012.
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Table 2.1 Major QE Events (Lutz [2014])

Event Date QE Round Event Description

25/11/2008 1 FOMC announces planned purchases of $100 bn of
GSE debt and up to $500 bn in MDS

01/12/2008 1 Bernanke announces that the Fed may purchase long-
term US Treasuries

16/12/2008 1 FOMC first suggests that long-term US Treasuries
may be purchased

28/01/2009 1 FOMC indicates that it will incrase its purchases of
agency debt and long-term US Treasuries FOMC

18/03/2009 1 FOMC announces that will purchase an additional
$750 bn in agency MBS, up to an additional $100 bn
of agency debt, and up to $300 bn of long-term US
Treasuries

10/08/2010 2 FOMC announces that it will roll over the Feds hold-
ings of US Treasuries

27/08/2010 2 Bernanke signals that monetary easing will be
continued

21/09/2010 2 FOMC announces that it will roll over the Feds hold-
ings of US Treasuries

15/10/2010 2 Bernanke signals that monetary easing will be
continued

03/11/2010 2 FOMC announces it plan to purchase $600 bn of long-
term US Treasuries by the end of the 2011 Q2

31/08/2012 3 Bernanke announces intention for further monetay
easing

13/09/2012 3 FOMC announces that it will ex- pand its QE policies
by purchasing mortgaged-backed securities at a rate
of $40 bn per month

12/12/2013 3 FOMC extends monthly purchases to long-term Trea-
suries and announces numerical threshold targets

22/05/2013 Taper Bernanke first signals that FOMC may reduce its
quantitative stimulus

19/06/2013 Taper Bernanke suggests that the FOMC will moderate asset
purchases later in 2013

12/12/2013 Taper FOMC announces that it will reduce its purchases of
longer term Treasuries and mortgage-backed securities
by $10 bn dollars per month
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2.3.2 The EMU Policy

The ECB policy during the financial crisis and ex post was slightly different compared

to the Fed. Therefore, the descriptive summary of the EMU events is split up into

three subsections for 1. standard or conventional monetary policy, 2. non-standard or

unconventional policy instruments and 3. the so called target balances.

2.3.2.1 Standard Monetary Policy

As can be inferred from figure 2.1, the ECB lowered its official short-term rate relatively

late compared to the Fed. In April and July 2011 the ECB even increased its marginal

lending rate for the main refinancing operations (MROs) from 100 bps to 125 bps and

150 bps, respectively. With regard to the interest rate policy at the zero bound, the

euro area followed the Fed with a lag of approximately four years. For the first time in

the (young) history of the eurozone official short-term interest rates were cut below one

percent, from 100 bps to 75 bps, in July 2012.10 Reasons for this step were said to be

the weak economic outlook, which could have implied a risk of deflationary tendencies

and higher uncertainty on the markets. In this respect, the interest rate cuts were the

ECB’s standard instrument to boost aggregate production, fight the recession and reduce

uncertainty about the economic development in in the euro area. It was not only aimed

to reduce uncertainty about the overall economic outlook but also to reduce uncertainty

which had arose from higher risk of default of the public sector and the private banking

system. By lowering interest rates and, thereby, easing financing constraints for European

governments and banks, the ECB helped to assure their solvency. With similar reasoning

further rate cuts of 25 bps each were announced in Mai and November 2013.11 The ECB

explicitly stated that its accommodative monetary policy was implemented to provide

further support to economic growth in the eurozone and to overcome the recession. The

latest interest rate cuts were made in June and September 2014 when the official rate was

lowered to 15 and 5 bps, respectively.12 Similarly to earlier decreases in official interest

rates, it was hoped that this policy would create positive effects for economic growth.

Moreover, it was intended that the yield cuts, in combination with the forward guidance

10See ECB Press Release Juli 5, 2012.
11See ECB Press Release May 2, 2013 and ECB Press Release November 7, 2013.
12See ECB Press Release June 5, 2014 and ECB Press Release September 4, 2014
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strategy (signalling a longer period of low interest rates), would transmit into an overall

decrease in the yield curve for sovereign and private debt. Especially for financially less

solid countries, like in Greece, Italy, Ireland, Portugal and Spain (henceforth GIIPS), a

drop in interest rates on sovereign bonds would have helped them to refinance their debt

and to run excessive deficits.

2.3.2.2 Non-Standard Monetary Policy

Due to the ECB’s inability to decrease yields below the zero bound, it made use of a vari-

ety of non-standard policy tools in order to provide further stimulus to the economy of the

eurozone, ease public budget constraints and stabilize the European banking system. It is

useful to consider the implementation of these unconventional instruments in relation to

the global financial crisis as well as the special circumstances of the internal crisis within

the eurozone.13 Most euro countries suffered from the spillover effects from the burst of

the U.S. housing market bubble and the fall of Lehmann Brothers. The depressed U.S.

and global economy hurt the export oriented European economies, aggregate investment

and output levels fell and inflation expectations decreased. In accordance with its objec-

tive on price stability, the ECB argued that non-standard expansionary monetary policy

was needed to satisfy its mandate and assure an inflation rate of close to two percent

in the medium-term future. Furthermore, European banks were largely engaged in toxic

investments related to the U.S. housing market. Therefore, they had to write off large

portions of their assets, their balance sheets deteriorated and many banks were dependent

on bail out packages from their national governments. In this context, the accommodative

monetary policy additionally assured the liquidity of the European banking system during

the crisis and its aftermath. However, the crisis within the Euro area was somewhat spe-

cial compared to other countries like the U.S. or the U.K., for example. This is due to the

fact that the eurozone not only suffered from the negative impact of the banking crisis but

additionally from an internal balance of payment crisis (Sinn and Wollmershäuser [2011]).

The balance of payments crisis was mainly a result of economic divergence between the

individual member countries. Since the introduction of the common currency in 1999

inflation rates and international competitiveness diverged, which caused large imbalances

13For a more detailed analysis of the crisis within the euro area see for example Attinasi et al. [2009],
Barrios et al. [2009], Giavazzi and Spaventa [2011].
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in the national current accounts of the eurozone. Especially countries in the periphery

(mainly the GIIPS countries) had persistent current account deficits, while others (mainly

Germany) generated large surpluses. The global financial crisis then was the trigger that

caused investors to raise doubts about the sustainability of the domestic debt levels in

the deficit countries and the currency union as a whole. Thus, investors reconsidered the

riskiness of their eurozone exposure and shifted capital from the deficit countries to the

surplus countries, which were considered as save havens. These capital movements should

be interpreted as a speculative attack against the currency union and they are well be

explained by the model of Krugman [1979]. The author shows that under fixed exchange

rates a speculative attack on the currency area yields a revaluation of the parities, whereas

the surplus (deficit) countries’ currencies appreciate (depreciate). Thus, the speculative

attack might be a self-fulfilling prophecy and relatively riskless, since the direction of the

revaluation could be inferred from the national current accounts. For the banks and gov-

ernments in the GIIPS countries this meant that they were virtually excluded from any

source of private liquidity. Moreover interest rate spreads between sovereign debt of the

GIIPS countries and more solid economies like Germany skyrocketed. The ECB’s non-

standard policy tools must be seen with regard to this internal currency crisis. Several

of the ECB’s non-standard instruments were (at least partially) designed to defend the

currency union by providing liquidity to the tumbling banks in the periphery and lowering

interest costs for governments with financing difficulties.

The first relevant non-standard policy actions were undertaken in August 2007. Here,

the ECB provided more than e300 billion to the European banking sector to restore

the functioning of the money market.14 The disturbances on the money market can be

interpreted as a result of a sharp increase in uncertainty and mistrust in the solvency

of European banks. Banks with excess liquidity rather held the money on their central

bank accounts instead of lending it out to banks in need for short-term liquidity. Later in

December 2007, the ECB additionally entered a euro dollar swap contract with the Fed to

provide short-term funding in foreign currency to the European banking system.15 This

step seemed necessary, since several European banks were virtually cut off from foreign

14Statement by J.C. Trichet 14 August 2007.
15ECB Press Release 12 December 2007.
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exchange markets (Iyer et al. [2013]). Further, in Mai 2010 the ECB informed the public

about its Securities Market Program (SMP). With this program, the ECB committed to

extensive purchases of private and public debt securities on the secondary market ”to en-

sure depth and liquidity in those market segments which are dysfunctional. The objective

of this programme is to address the malfunctioning of securities markets and restore an

appropriate monetary policy transmission mechanism.”16

At the same time, the Eurosystem also decided on a full allotment policy for its longer-

term refinancing operations. By doing so it was assured that private banks had access to

sufficient liquidity, so that the risk of bank failures could be reduced. The decision was

made in order to restore confidence in the stability of the banking sector as whole, which

is a key factor for the monetary policy transmission mechanism to affect the yield curve

(Lenza et al. [2010]).

Additional major policy decisions were undertaken in December 2011 and February

2012.17 First of all, the ECB introduced longer-term refinancing operations with an ex-

traordinarily long maturity of three years. The objective of this policy was to rebuild

trust in the European banking system and to signal that unconventional policies would

be decided upon, if this was necessary to assure financial stability. Furthermore, the min-

imum reserve requirement was reduced from two to one percent. Finally, the governing

council chose to lower the requirements for the collateral even further, which increased

a bank’s probability to be able to participate in the refinancing operations. All these

policy measures were mainly aimed to ease financing constraints for the banking sectors

in the euro periphery where the consequences of the balance of payment crisis were most

severe, since banks lost large parts of their deposits and were in the need for fresh central

bank money. During these times, the main source of liquidity for the private banks in

the periphery were the refinancing operations with the ECB and their national central

banks. The ECB played a crucial role as the lender of last resort and prevented national

banking systems from collapsing, which ultimately would have put the stability of the

euro area at risk. In this context, ECB President Mario Draghi said on 26 July 2012:

16ECB Press Release 10 May 2010.
17ECB Press Releases 22 December 2011 and 24 February 2012.
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”Within our mandate, the ECB is ready to do whatever it takes to preserve the euro.”18

This fairly strong commitment to an accommodative monetary policy might have been

one of the first indirect signals, that the ECB could engage in a QE program similar to

the one introduced by the Fed.

In January 2015 the ECB finally announced the framework for its own QE programme,

the so called Public Sector Purchase Programme (PSPP) which consisted of an expanded

asset purchase program.19 Here, the ECB stated that it would buy public and private

sector assets on the secondary market to positively affect inflation expectations. The

program was said to incorporate monthly purchases of credit obligations worth e60 billion

each month.

2.3.2.3 Target Balances

In contrast to the U.S., the eurozone did not experience extraordinarily large increases

in its money aggregates between the years 2007 and 2014. Despite the ECB’s expan-

sionary policy, the money aggregate rather moved along its long-term trend (Sinn and

Wollmershäuser [2011]). However, this does not mean that the expansionary monetary

policy did not have any balance sheet effects within the euro area. That is, the effects

were simply invisible in the ECB balance sheet. Nevertheless, during the crisis large asym-

metries between the Eurosystem’s national central banks built up. These were reflected

by the so called target balances (Sinn and Wollmershäuser [2011]), which are published

in the balance sheets of the national central banks. To be able to better understand the

ECB’s crisis policy and its effects, this subsection gives an introduction to the topic of

the target balances.

Target2 is an acronym for the second generation Trans-European Automated Real-

time Gross Settlement Express Transfer System. It is the Eurosystem’s internal payment

system for transactions in central bank money. It is designed for banks to settle cross

border transactions in euro currency within the eurozone. The process of a typical Target2

transaction is best illustrated by an example. Here, it is important to keep in mind that it

18Speech at Global Investment Conference in London.
19ECB press release 22 January 2015.
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Table 2.2 Major Unconventional ECB Policies between 2007-2015

Event Date Event Description

09/08/2007 Liquidity provision of e335 billion to the European
banking sector in order to stabilize the financial
system

12/12/2007 The ECB enters a euro-dollar swap contract with
the Fed to assure funding in foreign currency for
the eurozone banks

09/05/2010 Announcement of the SMP to restore market func-
tioning of sovereign debt markets

20/12/2011 Announcement of 3-year refinancing operations to
provide long-term liquidity to the banking sector,
reduction of minimum reserve requirement from
2% to 1% and a lowering of collateral requirements
for participating in refinancing operartions FOMC

22/06/2012 Extension of ABS eligibility as collateral for refi-
nancing operations

26/07/2012 First announcement of potential QE by ECB Pres-
ident Mario Draghi at the Global Investment Con-
ference in London. Draghi stated: ”Within our
mandate, the ECB is ready to do whatever it takes
to preserve the euro. And believe me, it will be
enough.”

06/09/2012 Suspension of any credit rating requirements for
sovereign bonds of euro countries, which are eligi-
ble for OMT or are under an EU-IMF programme

05/06/2014 Introduction of negative deposit facility rate and
targeted LTRO (TLTRO), both to support bank
lending to non-financial private sector

22/01/2015 ECB announces its QE programme involving pub-
lic and private sector debt purchases worth e60
billion per month for an unspecified time horizon

is irrelevant whether the money transfer is due to a real or a pure financial transaction. If,

for example, a Greek customer wishes to transfer e10,000 to a German car dealer, then the

Greek buyer orders his Greek private bank to transfer the amount to the German private

bank, where the car dealer has his account. However, the Greek bank cannot transfer the

money to the German bank directly. Instead, the Eurosystem with its Target2 system
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acts as an intermediary and settles the transaction. This works as follows. First, the

Greek private bank transfers the e10,000 to its central bank account at the Greek central

bank. In a second step, the Greek central bank transfers the money over Target2 to

the Bundesbank, which forwards the amount to the central bank account of the German

private bank. Finally, the German private bank books the amount to the account of

the German car dealer. In such a transaction the money flows from the Greek buyer to

the German car seller without any disturbances. However, what happens is a balance

sheet effect for the national central banks. That is, the Bundesbank obtains a claim of

e10,000 against the Greek central bank. The Greek central bank, on the other side,

books a liability against the Bundesbank of the same amount. The reason for that is

that there are no real central bank money exchanges between the two central banks,

which is due to the rules and functioning of the Target2 system. Moreover, the accounts

are not meant to be settled at any time but it is rather hoped that imbalances would

be reduced quasi-automatically over time. For the Eurosystem as a whole it should be

obvious that all balances (positive and negative ones) sum up to zero, since one central

bank’s claim is another one’s liability. Therefore, the Target balances are only visible

in the national central bank balance sheets and are not part of the ECB balance sheet.

During normal times, when uncertainty is low and credit markets are well functioning,

these balances are close to zero and less of a problem because private capital flows are

two-sided. From a macroeconomic perspective this means that (normally) countries with

current account deficit finance this deficit through private capital imports. On the other

hand, countries with a current account surplus are net capital exporters and, thereby,

provide the financing for the deficit countries (Obstfeld et al. [1996]). The functioning

of the eurozone is special, though. Here, target loans can substitute for private capital

imports, if a country fails financing its current account deficit or experiences capital flight

(Buiter et al. [2011]). Moreover, a target surplus or deficit is not necessarily reverting

back to the zero level because there is no mechanism that such balances ever get settled.

This means that the identity between the current account and the net capital flows does

not need to hold. Usually, a current account surplus (CA) should be equal to a net capital

export (NCX), since the excess savings are given out as credit to the rest of the world.20

20A negative value for CA would imply that a country imports more goods than it exports. In that
case the over consumption must be financed through net capital imports from the rest of the world.
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In the euro area the equation is rather of the form

CA = NCX + TB. (2.4)

The development of the target balances in Germany and the GIIPS countries for the

period from 2005 to 2014 is illustrated in figure 2.2. One can see that large imbalances

arose since the beginning of the euro crisis. Germany, on the one hand, generated large

surpluses.21 In other words, this means that the Bundesbank accumulated claims against

the national central banks of other eurozone countries. On the other side, the GIIPS

countries ran excessive deficits. An interesting finding is that the cumulative deficit of

all GIIPS countries almost exactly offset the Bundesbank claims. Technically, the rising

imbalances were the result of one sided capital flows from the GIIPS countries to the

save haven Germany. The reason was that the GIIPS countries were not able to finance

their current account deficits through private capital imports anymore and, moreover,

experienced capital flight. Both explanations can be interpreted as growing uncertainty

regarding the stability of the euro currency area and (to a certain extent) as a speculative

attack against the currency system. However, the occurrence of the imbalances would not

have been possible without the non-standard policy tools of the ECB. In particular, the

lowering of the collateral requirements and the full allotment policy of the ECB opened

up the possibility of excessive money creation for banks in the GIIPS countries (Garber

[2010]). In fact, the target balances reflected an asymmetry in the local money creation

within the eurozone and a shift in the composition of the monetary base. Before the crisis

each central bank approximately created new money according to the country’s GDP.

After the onset of the crisis the money creation was shifted from the save havens to the

GIIPS countries. There, most money was only created for the purpose of transferring

it through Target2 to other euro area countries in order to finance an over consumption

and to compensate for the capital flight. In Germany, on the other hand, the money

flows through Target2 replaced the domestic money creation. One reason for this might

be that the aggregate money demand function did not change during that time (Sinn

and Wollmershäuser [2011]). Hence, the German banking sector accumulated sufficient

21Other surplus countries were Austria, Luxembourg and the Netherlands. However, in nominal terms
their target claims were rather small compared to the Germany.
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liquidity from the capital inflows over Target2, so that German banks were not tempted

to participate in the refinancing operations with the Eurosystem. The result was an over

proportional money creation in the GIIPS countries, while the Bundesbank found itself

in the uncommon situation of becoming a net debtor to the German banking sector.
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Figure 2.2 Target Balance: Germany vs. GIIPS Countries

Note: The figure illustrates the target balance of Germany (black solid line) and
the cumulative target balance of Greece, Italy, Ireland, Portugal and Spain (grey
dashed line) in e billion.

2.4 Unconventional Monetary Policy Transmission:

A Literature Review

As has been noted in the previous sections of this chapter, the Fed introduced its uncon-

ventional monetary policy instruments as one of the first major central banks in 2008.

The ECB, on the other hand, implemented some minor elements of its non-standard pol-

icy tools in mid 2007, but with the main components of its unconventional strategy it
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followed the Fed with a lag of a several years. It seems plausible that this might be one of

the reasons why there exists a wide range of empirical literature addressing the unconven-

tional policy of the Fed, whereas the evidence on the non-standard policies of the ECB is

relatively scarce, so far. It is for these literature availability reasons that this section has

a strong focus on the transmission of the Fed policies. In the following, we first summa-

rize the key findings of various influential contributions to the field of the unconventional

monetary policy transmission of the Fed. Thereafter, we present the empirical findings

for the EMU.

2.4.1 The Fed Policy

Recent empirical literature on the transmission mechanism effects of unconventional mon-

etary policy attack a variety of research questions and make use of a wide range of econo-

metric models to describe the issues of interest. In the following, we present an overview

of the empirical results on how non-standard monetary policy of the Fed transmits into

the financial and the real economy.

Exchange Rates : Glick and Leduc [2013], for example, examine the effect of uncon-

ventional monetary policy surprises on the dollar exchange rate for the period between

2008 and 2012. In their event study approach, the authors compare the announcement

effects of conventional and unconventional policies. Measuring the left hand side variable

is straight forward. It is calculated as the relative changes in the U.S. dollar around the

FOMC announcements. For identifying the monetary policy shocks the authors closely

follow Kuttner [2001]. As described in Kuttner [2001], the surprise component of mone-

tary policy is extracted from intraday data around the FOMC announcement windows.

Glick and Leduc [2013] define a conventional monetary policy surprise as the first principal

component of changes in Fed Funds Rate futures. Unconventional policy surprises, on the

contrary, cannot be identified that way because a credible commitment to keep interest

rates at the zero bound implies that there should not be any significant changes in Fed

funds futures as a response to news announcements. This is because market participants

would still expect short-term rates to be kept at the zero bound for the upcoming periods.
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The authors overcome the identification issue by defining an unexpected non-standard pol-

icy shock as the first principal component of changes in long-term U.S. treasury futures

around the announcement window. Here, the idea is that large-scale asset purchases

imply a greater demand for long-term sovereign debt and, thus, cause these yields to

decrease. Glick and Leduc [2013] standardize the conventional and unconventional policy

shocks in order to make them comparable and to be able to make inference about the

effectiveness of the policy tools relative to each other. The results indicate that the differ-

ent policies (standard short-term interest rate adjustments and non-standard QE) yield

relatively similar outcomes. Both, conventional and unconventional monetary easing, are

found to lower the value of the dollar significantly. A one standard deviation expansionary

policy shock causes the dollar to depreciate by approximately 5 to 6 bps. Neely [2010]

confirms these results. His study investigates a similar question (among several others)

and it is shown that unconventional monetary easing has a significant negative impact on

the dollar exchange rate vis-a-vis a variety of different currencies. Neely [2010] notes that

the negative effect might be due to investors’ portfolio balance decisions. The large-scale

asset purchases, which cause domestic asset prices to increase, should yield to a decrease

in the value of the domestic currency, according to the uncovered interest rate parity

theorem (Glahe [1967]). The results are also supported by Wright [2012], who calculates

the impact of monetary policy shocks on the dollar exchange rate against the euro, the

British pound and the Canadian dollar. The coefficients of his OLS estimators are highly

statistically significant and indicate that expansionary monetary policy lowers the value

of the U.S. dollar significantly.

Interest Rates : Other interesting contributions within this research area relate to the

interest rate channel of monetary policy. Wright [2012] investigates the impact of mone-

tary policy shocks on long-term interest rates for corporate and sovereign debt during the

period from November 2008 to September 2011. The study uses two different approaches,

an event study methodology and a structural vector autoregressive (SVAR) model. The

event study captures the immediate market reactions in response to the FOMC news

announcements and the approach is relatively similar to Glick and Leduc [2013]. The

SVAR model, on the other hand, is calculated with daily observations and describes the
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medium- and long-term effects of unconventional monetary policy on the corresponding

long-term yields. The author’s key assumption for identification is that the variance of the

monetary policy shock differs between announcement and non-announcement days. Par-

ticularly, it is assumed to be more volatile on announcement days. If this assumption did

not hold, it would not be possible to capture the specific effects of news announcements,

due to a lack of shock related additional variation. The assumption implies that FOMC

announcements should occur in an unsystematic manner and ”are determined by accident

of the calendar”. Additionally, Wright [2012] assumes the other structural shocks to have

an identical average volatility on event days and non-event days. His research confirms

the point of view that large-scale asset purchases were effective in lowering bond yields

and that the effect was similar compared to conventional expansionary monetary policy.

The results of the SVAR model indicate that positive monetary policy shocks (a policy

of monetary easing) cause an immediate decrease in long-term U.S. treasuries rates as

well as corporate bond yields. However, it is also found that these effects die off relatively

quickly. In the event study Wright [2012] calculates the effect of policy shocks on a variety

of longer-term interest rates for all relevant announcement days of unconventional mon-

etary policy between end-2008 and mid-2011. The OLS estimates confirm the findings

from the SVAR model. There is an instantaneous significant effect of policy shocks on

domestic sovereign (e.g. 2- and 10-year treasuries) and corporate longer-term bond yields

(e.g. Moody’s indices of AAA and BAA rated firm debt). Furthermore, Wright [2012]

finds substantial spillover effects from U.S. monetary policy on 10-year German, U.K. and

Canadian government bond yields. The existence of such spillover effects is also stressed

in Neely [2010]. In his study, the author estimates the impact of FOMC announcements

on a set government bond yields from developed economies. The results provide evidence

that expansionary monetary policy lowered comparable foreign interest rates significantly.

Such spillover effects might be due to relative arbitrage trades. That is, a bond price is not

considered in isolation but rather in relation to the value of comparable bonds (Gagnon

et al. [2011]). In that case an exogenous decrease in U.S. bond yields should also lower

yields for comparable assets. Otherwise investors would have an incentive to short sell

the relatively expensive U.S. assets and hold long positions in the relatively cheap foreign

assets.
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Uncertainty : Economic uncertainty is a crucial variable to policy makers, since it di-

rectly impacts macroeconomic key indicators and the effectiveness of the monetary policy

transmission mechanism. Greater uncertainty is expected to have a negative impact on

aggregate investment and consumption and, thereby, also on economic growth (Bloom

[2009]). Moreover, it might hinder a smooth functioning of credit markets, the interbank

market in particular (Furfine [2002]; Allen et al. [2009]). Thus, increasing uncertainty

could cause disturbances in the transmission mechanism of monetary policy, since the

yield curve or aggregate output might not react sufficiently in response to policy changes.

It is for these reasons that there is a growing interest in the relation between monetary

policy actions and uncertainty. A study on the impact of the Fed’s MBS purchase program

on MBS risk premia is presented in Hanncock and Passmore [2011]. Since MBS securities

are derivatives on the real estate market, their prices also contain information regarding

uncertainty about economic prosperity and the solvency of private agents. Hence, a neg-

ative effect of expansionary monetary policy on MBS risk premia could be interpreted

as an overall decrease in uncertainty regarding economic development. In their study,

the authors employ empirical pricing models to estimate the effect of the MBS purchase

program on MBS yields for the period from November 2008 to March 2010. Their results

confirm the general perception that unconventional monetary policy during the crisis had

a significant impact on asset markets and lowered uncertainty. The authors find that MBS

yields were lowered by 0.85 percent due to the announcement of the purchase program,

even if no assets had been bought yet. After the actual start of the purchase program

yields were lowered approximately another 0.5 percent. Moreover, Hanncock and Pass-

more [2011] find that the decrease in MBS yields was mainly due to a decrease in risk

premia for these assets. This result indicates that the unconventional policy instruments

were effective in reducing economic uncertainty during the financial crisis. Another in-

fluential contribution to the literature has been made by Bekaert, Hoerova, and Lo Duca

[2013]. The authors present empirical evidence on the question of how expansionary mon-

etary policy affects uncertainty and risk aversion on stock markets. For their analysis,

the authors estimate an SVAR model with monthly data for the years from 1990 to 2010.

They distinguish between the pre-crisis and the crisis period. The uncertainty variable is
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captured by the implied volatility index on the S&P 500, the VIX. This index measures

the expected U.S. stock market volatility over the following 22 trading days, implied by

out of the money option prices. It is described more detailed in the next section. For now

it is just important to note that greater expected volatility is reflected by higher values

of the VIX. In their SVAR model Bekaert, Hoerova, and Lo Duca [2013] estimate the

effect of interest rate shocks on the VIX. The results show that expansionary monetary

policy of the Fed significantly reduced U.S. stock market uncertainty, whereas the effect

is found to be relatively stronger for the pre-crisis period. In addition, the paper proposes

an innovative approach to decompose the VIX into two components. One measuring the

actually expected volatility and a residual term, which reflects the degree of aggregate risk

aversion on the market (Carr and Wu [2009]). With regard to the individual components,

the authors provide evidence that loose monetary policy lowers both risk aversion and

uncertainty, where the effect on the former is relatively larger. The findings have interest-

ing implications for policy makers, since lower risk aversion could be a driving factor for

occurrence of asset market bubbles (Tirole [1982]). Expansionary monetary policy that

is aimed to reduce uncertainty in the short-run might unfold destabilizing effects in the

medium- or long-run by increasing the probability of speculative bubbles to build up.

2.4.2 The ECB Policy

As has been noted above, compared to the U.S., there are less data points available to

quantify the effect of the ECB’s unconventional monetary policy. However, there still

exist various articles relating to the crisis policy of the ECB and it seems reasonable to

expect more literature to come during the upcoming years. Here, we give an overview of

the actual literature.

Baumeister and Benati [2010], for example, use an SVAR model with time varying

coefficients to quantify the impact of expansionary monetary policy shocks on inflation

and economic growth. Within their counter-factual framework, the authors find that

central bank actions between 2007 and 2009 lowered the spreads between long-term and

short-term bonds significantly. This decrease in long-term financing premia is estimated

to have positive effects on economic growth and inflation through the standard channels
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of monetary policy transmission. Lower interest rates make debt financed investment and

consumption more attractive. Thus, aggregate demand increases, which has a positive

impact on economic growth and inflation. Lenza et al. [2010], on the contrary, argue

that the unconventional policy instruments were ineffective in preventing the large drop

in output during the financial crisis. Obviously, this statement is true. In most economies

output fell due to the negative effects of financial crisis. However, this should not be seen

as a contradiction of Baumeister and Benati [2010]. One should rather recall that the

decline in output might have exceeded the actual drop, if the ECB had not intervened

during the crisis. The results of the Bayesian VAR model used in Lenza et al. [2010]

show that the ECB’s non-standard policy instruments effectively lowered interest rate

spreads for short-term liquidity on the interbank market. Further, it is stressed that the

policy during the crisis helped stabilizing the European banking system. An additional

contribution within the research area of monetary policy transmission mechanism effects

in the eurozone is Peersman [2011]. The author investigates the effects of monetary

policy shocks on macroeconomic variables like the price level and industrial production

by employing an SVAR model. It is distinguished between three different types of shocks,

which all potentially affect the availability of credit. These are 1. exogenous shocks

unrelated to the monetary policy, 2. credit supply shocks due to changes in the official

short-term interest rate and 3. shocks related to unconventional policy measures, for

example an asset purchase program. It is argued that the effects of an expansion of the

ECB’s balance sheet have a similar sign as conventional interest rate cuts. Nevertheless,

the author finds that such unconventional policies transmit into the real economy slower

than traditional interest rate adjustments.



Chapter 3

Uncertainty and Implied Volatility

This chapter focuses on the measurement and importance of uncertainty. In this context,

we briefly introduce to the fundamentals of this topic. Thereafter, we provide a detailed

description of the theoretical foundation and the practical relevance of implied volatility

indices. Finally, we give an overview of our uncertainty data, where we put emphasis on

the behavior of implied volatility during the recent financial crisis.

3.1 The Concept of Economic Uncertainty

The importance of uncertainty is well recognized in theoretical and empirical economic

literature (e.g. Obstfeld et al. [1996]; Clarida et al. [1998]; Bloom [2009]). In general,

uncertainty is defined as a variable’s variance or standard deviation (sd), where the latter

is more common in applications. Intuitively, the standard deviation informs us how widely

the data is spread around its mean value. Technically, it is defined as

sd =

√√√√√√
n∑
i=1

(xi − E[x])2

n− 1
. (3.1)

Obviously, the outcome of a random variable is more uncertain the greater its standard

deviation is. Therefore, the standard deviation is the common measure for uncertainty in

both theory and practice. Many macro- and microeconomic models try to be closer to the

reality by introducing uncertainty to their variable(s). A key result is that uncertainty

38
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might cause outcomes to deviate from their efficient levels and, therefore, it is a key

factor for market disturbances. However, uncertainty is also crucial for practitioners.

An investment decision, for example, might require knowledge about the riskiness of the

potential investment. In the case of a stock market investment, the investor might want to

analyze the historical standard deviation of the corresponding stock to get an idea of the

riskiness of this stock. Furthermore, greater uncertainty of the future payoff should cause

the potential investor to require a higher yield on investment than for a less risky financial

instrument (Pennacchi [2008]). In other words, an investor wishes to get compensated for

bearing certain risks. The relevance of volatility for asset pricing decisions is also stated

with regard to option contracts. Generally speaking, greater uncertainty about future

price movements should cause the option value to increase because it would become more

likely that large payoffs might be reached (if one assumes the asset price to be normally

distributed, at least). Moreover, options are a common tool for portfolio insurance. A

risk averse investor might, therefore, demand more option contracts when the economic

environment is relatively volatile and, thereby, bids up the price for these derivatives.

Clearly, uncertainty has a great impact on asset markets. Since monetary policy, on

the other side, tries to impact asset markets and aims to generate the desired effects on

the real economy by efficiently transmitting into the financial economy, it is intuitive that

market uncertainty is a relevant factor for the effectiveness of monetary policy transmission

mechanism effects. Greater uncertainty is usually associated with a weaker capability of

monetary policy to transmit into the economy, at least for unusually high uncertainty

levels.

3.2 What is VIX?

The Chicago Board Options Exchange (CBOE) Volatility Index VIX is a financial instru-

ment which measures the implied expected volatility of the S&P 500 index. The VIX

is not unique in that sense that nowadays there exist various comparable indices. Some

of them are conceptually identical but are based on different stock indices. The VDAX,

for example, is the German equivalent of the VIX and it reflects the implied volatility

of the DAX 30. Additionally, there are other volatility indices measuring the expected
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volatility of, for example, commodities or currencies. However, since the conceptual de-

sign is similar, this section focuses on the VIX rather than giving a general definition for

all alike financial instruments. In this section we follow recent economic literature on the

VIX, uncertainty and volatility, including Whaley [2008], Bloom [2009], Bekaert, Hoerova,

and Lo Duca [2013] and Lutz [2014]. Here, we provide an intuitive description of the VIX.

As the first of its kind, the VIX was launched in 1993 in collaboration of Whaley [1993]

and the CBOE where it is still traded today. In the aftermath of the financial distress

of the late 80s and early 90s, the intention was to establish an easy to read financial

instrument capturing the volatility expectations, which could be used as an indicator for

market uncertainty. For this purpose, the VIX was developed and calculated on the basis

of options on the S&P 100, extracting the implied one month volatility of these contracts.

During the years of its existence, the VIX calculations slightly changed such that today it

is not based on the S&P 100 anymore but on the S&P 500 index. That was mainly due to

the shift in attention paid to the two stock indices. While the S&P 100 was the dominat-

ing stock index until the mid 90s, the S&P 500 took over that role during the second half

of the decade. Despite the changes, the story of the VIX is one of great success. Today it

does not only serve as a popular measure for market perceptions regarding uncertainty,

but it has also become a common tool for portfolio diversification and risk management.

By isolating the volatility component in a quick and easy to trade instrument, the VIX

is favored for trading and hedging purposes (CBOE [2009]). In other words, the VIX

also reveals information about the price of portfolio insurance for the S&P 500 (Whaley

[2008]). Due to the importance of the VIX index, the CBOE launched the first exchange

traded VIX futures in 2004. More recently, VIX option contracts were introduced in 2006,

which became the most successful new product in the exchange history (CBOE [2009]).

Nowadays, VIX itself is often considered as the fear gauge by the media and investors,

since its level provides information about the costs for portfolio insurance and market

uncertainty. Even if the VIX was the first and is probably still the most popular of its

kind, it is not unique, as mentioned earlier. There exist various other indices reflecting

the expected volatility of other major stock indices, commodities or currencies. Table 3.1

provides an overview of some of the most recognized stock market volatility indices.
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Table 3.1 Summary of Volatility Indices

Country Volatility Index Ticker Underlying Index

USA VIX SP 500

EMU V2X STOXX

Germany VDAX DAX 30

France VCAC CAC 40

To understand the intuition of the VIX it is useful to recall that its basic concept is

similar to any other normal stock market index, for example the S&P 500 or the DAX

30. However, in contrast to the aforementioned indices the VIX reflects a weighted av-

erage of expected future volatility of the S&P 500 instead of the share weighted actual

stock prices. In particular, the VIX extracts the implied volatilities from option contracts

on the S&P 500. Thus, it should be intuitive that the VIX (and all alike indices) is a

forward-looking instrument by definition, since it measures expected rather than actually

observed volatilities. As has been stated, the VIX index is a derivative of option contracts.

To be more precise, it reflects the implied volatility of out of the money European-style

call and put options. The VIX is calculated from options with a maturity of 30 days

(or 22 trading days) for a large spectrum of strike prices. After extracting the implied

volatilities, which are inherent in the option prices, the VIX is calculated as the annualized

weighted average of the underlying volatilities (Bekaert, Hoerova, and Lo Duca [2013]).1

A technical description of the generalized formula can be found on CBOE website.2 In

other words, the VIX represents the market participants’ expectations regarding the next

30 days volatility of the S&P 500.3 However, it must be noted that option prices do not

only reveal information about the expected volatility but are also an indicator for the

aggregate degree of risk aversion on the market (Carr and Wu [2009]; Bekaert, Hoerova,

1Generalized formula:

σ2
i =

2

Ti

∑
j

M Kj

K2
j

erTiQ(Kj)−
1

Ti

[
Fi

K0
− 1

]2
. (3.2)

with i = 1 for ”near-term” and i = 2 for ”next-term” options.

2Copyright (c) 2009, Chicago Board Options Exchange, Incorporated. All rights reserved.
3See probability table 3.4 illustrating expected range of S&P 500 return over the next 30 days.



Chapter 3 Uncertainty and Implied Volatility 42

and Lo Duca [2013]). This is because option contracts are a widely used instrument for

portfolio insurance. Therefore, option prices are likely to increase, if investors become

more risk averse and demand more option contracts in order to hedge certain risks. In

such a scenario implied volatility would increase, but this would be due to a lower will-

ingness to bear market risk rather than an increase in volatility expectations.

With regard to implied volatility indices, it is shown that the VIX and its international

counterparts are mean-reverting but spike in response to major economic or political

shocks (Wagner and Szimayer [2004]; Bloom [2009]). The finding of mean-reversion is

intuitive, since volatility might change over time but it is neither observed that it hits

the zero bound nor does it tend to infinity (e.g. Schwert [1989]; Day and Lewis [1992];

Campbell et al. [2001]). Upward jumps are likely to be the result of a shift in investors’

expectations during times of financial distress and a higher degree of aggregate risk aver-

sion during such periods. Bloom [2009], for example, illustrates the implied volatility of

the U.S. stock market for the period from 1986-2009 by using a combination VIX and an

engineered VIX equivalent for the period where the VIX index had not been established

yet. The author shows that implied volatility jumps during major macroeconomic and

political shocks. A non exhaustive list of these events and the corresponding VIX levels

are displayed in table 3.2. Here, one can see that market relevant events like the Black

Monday in 1987 or the fall of Lehman Brothers in 2008, and political shocks like the Gulf

War or 9/11 were a great source of uncertainty and impacted the VIX substantially. The

all time high of 150 was observed for the U.S. stock market crash in the 80s, the Black

Monday. Compared to an average VIX level of 20, this implies an increase of 650 per-

cent.4 Another interesting fact about market uncertainty is that the most recent financial

crisis, triggered by the fall of Lehman Brothers, caused the VIX to jump to 80, which is

relatively high but still far below the implied uncertainty during the stock market crash

of the 80s. In any case, the jumps in the VIX index must be understood in relation to

both increased uncertainty about the economic outlook and a higher higher degree of

aggregate risk aversion on the stock markets. The former should be obvious, since major

macroeconomic or political shocks cause investors to reconsider their expectations and

4Here, we refer to the average VIX level between 1986-2009, where the observations from the crisis in
1987 are excluded (CBOE [2009][2009]).
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future developments might be less predictable. Regarding the increase in risk aversion, it

is helpful to recall that investors might prefer to be insured against downside risks, espe-

cially when the economy is already depressed. In times of financial distress, this drives

up the prices for option contracts, since (particularly) put options are a common tool for

portfolio insurance. The increase in option prices causes the implied volatility to increase

and VIX to jump up.

Table 3.2 Major Shocks Between 1986 and 2008

VIX level Year Event description

150 1987 Black Monday market crash

37 1990 Invasion of Kuwait by Iraq followed by Gulf War I

38 1997 Asian financial crisis

45 1998 Russian government defaulting on his debt

45 1998 Long-Term Capital Management collapse

42 2001 9/11 terror attack

80 2008 Lehman Brothers bankruptcy during Credit Crunch

3.3 Descriptive Statistics for 2005-2015

As has been mentioned, in this thesis we put emphasis on the recent financial crisis and

the period around this event. In this subsection, we provide the descriptive statistics of

implied volatilities for the past ten years. This analysis is composed of 2,609 daily obser-

vations between March 2005 and March 2015. Since we focus on the U.S. and the EMU,

we provide data descriptions for the VIX, VDAX, VCAC and the euro aggregate V2X5.

The daily time series of the U.S., the French, the German and European stock market

index levels and the corresponding volatility indices are illustrated in figure 3.1.6 Here,

a region’s stock market index figure is stacked above its corresponding volatility index.

The reasoning behind that is to illustrate the relation between actual stock returns and

5The V2X index is conceptually similar to the VIX. It is based on STOXX 50 stock market index,
which includes the fifty largest listed firms within the EMU.

6The V2X moves relatively similar as the VCAC. The reason for this phenomenon is likely to be the
fact that the STOXX 50 index is dominated by French companies because of their size.
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Figure 3.1 Stock Market Index with corresponding Volatility Index

Note:This figure represents different volatility indices combined with their respec-
tive stock market index (base=100), whereas the U.S., Germany, France and the
EMU are represented.
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implied standard deviations. Further, we scale the equity index data so that the first

observation is equal to 100. From figure 3.1 it is obvious that the VIX and its European

counterparts were relatively volatile during our sample period. As noted in Bloom [2009],

uncertainty skyrocketed in response to the bankruptcy of Lehman Brothers, for example.

Other relevant factors, particularly between 2010 and 2012, are likely to be linked to the

debt and currency crisis within the euro area. Looking jointly at implied volatilities and

stock prices, the graphs indicate an interesting result which is also mentioned in Bloom

[2009]. That is, positive spikes in the VIX, VDAX, VCAC and V2X seem to be correlated

with decreases in stock prices. The reason for such a relation might be that higher uncer-

tainty causes the required return on investment to increase, which should only be possible,

if stock prices jump downwards, ceteris paribus. However, the relation might also be one

of opposite direction. A drop in stock prices might cause the price for portfolio insurance

to increase and implied volatilities to jump upwards. In an attempt to be complete, fig-

ure 3.2 illustrates the daily VIX time series for the period between March 2005 and March

2015 along with its long run mean of 20 represented by the dashed line. In geral, the data

indicates that the VIX follows a mean reverting process around its long-run mean.7
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Time

V
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Figure 3.2 Daily VIX Levels

Note: This figure represents the daily time serie of the VIX from 2005 to 2015
and the dashed line is the graphical representation of the long run mean over the
study period.

7Note that the long-run mean is not adjusted for extreme events, as can be seen in figure 3.2
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In table 3.3 we show the distribution of daily VIX levels for a given year and various

percentiles for the period from 2005 to 2015. The table is an extension of the descriptive

statistics presented in Whaley [2008]. This simple descriptive statistic is useful because it

allows us to assess normal and exceptional VIX levels. Furthermore, the table illustrates

market uncertainty in terms of percentiles, which might prove useful for risk management

purposes. Table 3.3 and the counterpart from Whaley [2008] should be read and inter-

preted in the following way. The column of, for example, the 95th percentile in table 3.3

states that only 5% of all observations of the corresponding year exceeded the VIX level

stated in cell. Looking at the last row of table 3.3, for example, we find that only 5% of

all our 2,609 observations (between 2005 and 2015) were larger than 41.22. Comparing

this finding with the results from Whaley [2008], we find that the 95th percentile of the

VIX in our sample is nearly 10 points higher than for the earlier period (compare 41.22

to 34.22). The 25th and 75th percentiles in table 3.3 reveal that 50% of the historical

VIX levels between 2005 and 2015 were between 13.43 (25th percentile) and 23.21 (75th

percentile), which is much smaller in magnitude and range compared to turbulent year

2008, where 50% of all trading days the VIX was between 21.66 and 39.95. The long-

run sample mean of the past 10 years period is 20.0873 (median 17.14 and mode 11.98).

The standard deviation over the past ten years is 9.91 and the minimum and maximum

observed levels are 9.89 and 80.86, respectively. In the same manner as in table 3.3, the

graphical representation of the cumulative distribution function (for all VIX values of the

past ten years) in figure 3.3 gives an overview about how the VIX behaved within our

sample period and the findings could be compared to the last row of table 3.3.
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Table 3.3 Cumulative Distribution of the VIX

Years nb obs 5% 10% 25% 50% 75% 90% 95%

2005 211 10.64 10.96 11.64 12.58 13.73 14.91 15.85

2006 260 10.53 10.79 11.36 12.01 13.58 15.93 17.72

2007 261 10.34 10.96 13.09 16.12 21.64 25.25 26.49

2008 262 18.64 19.65 21.66 25.06 39.95 60.65 67.64

2009 261 20.90 21.92 24.28 28.68 39.66 45.49 47.29

2010 261 16.47 17.28 18.29 21.71 25.14 29.68 33.70

2011 260 15.77 15.98 17.31 20.68 31.57 36.16 39.00

2012 261 14.47 15.06 15.87 17.56 19.05 21.54 22.33

2013 261 12.31 12.48 12.98 13.74 14.99 16.74 17.50

2014 261 11.33 11.63 12.28 13.57 15.00 17.20 19.20

2015 50 13.76 13.91 15.10 16.99 19.28 20.95 21.05

All 2,609 11.22 11.91 13.43 17.14 23.21 31.63 41.22

Note: This table describes the cumulative distribution of daily VIX levels between
the years 2005 and 2015. For the year 2008, for example, it states that 95 percent
of all observations did not exceed 67.64.
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Figure 3.3 Cumulative Distribution of the VIX

Note: This figure illustrates the cumulative distribution of VIX levels between
2005 and 2015. The upper panel shows the histogram with the VIX levels on the
x-coordinate and the corresponding percentage on the y-coordinate. The bottom
panel shows the cumulative distribution function of the VIX levels with these levels
on the x-coordinate.
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Empirical evidence suggests that high VIX levels correspond to a relatively high actual

volatility for the subsequent one month period (Whaley [2008]). In other words, the VIX

predicts realized future volatility relatively well when back-testing observed VIX levels

with the help of the probability table 3.4. Following the methodology of Whaley [2008],

we aim to shed light on the question whether this relation also holds for the recent financial

crisis. The methodological approach is similar but we change the sample period. Instead

of looking at time between January 1986 and October 2008, we perform the back-test for

the period between March 2005 and March 2015. In fact, we calculate the expected range

of S&P 500 returns conditional on certain VIX values for different confidence levels. To

define such conditional up and down probabilities of the S&P 500, conditional on the VIX,

we follow Whaley [2008] and make two key assumptions. Firstly, we assume that S&P

500 returns over the 30-day period are normally distributed. Secondly, they are assumed

to have zero mean. Under these assumptions, we create the probability table of expected

S&P 500 returns over the next 30 days (P (x)) conditional on different VIX levels (νk) and

for a certain confidence level (1−α). The formula for the calculations is given in equation

3.3. Mathematically the formula acts as if the probability measure was a random number

drawn from a binomial normal distribution which has a 90% probability to be inside 1.645

standard deviations from 0. Since the VIX is an annualized number, we need to divide

by the square root of 12.

P (x)α =
[
N−1(1− (0.5α))/

√
12
]
× νk (3.3)

The probabilities are illustrated in table 3.4. The table can be read and interpreted as

follows. If the VIX level is currently at 50, for example, then chances that the S&P 500

will go up or down by less than 18.5% over the next 30 days are 80%. Taking the year 2012

where the VIX remained relatively stable between 10 and 20 as an example, the expected

return of the S&P 500 would not vary more than 4.75% and 9.5% with 90% probability.

Additionally, we back-test these probabilities by taking the monthly VIX level at time t

and S&P 500 returns at t+ 1 and record the number of exception (out bounds) according

to table 3.4. Using monthly data for the 121 sample months, 39 (or 32.23%) months fell

out of the 50% bounds, 5 (or 4.13%) fell out the 75% bounds, and 0 fell out the 95%
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bounds. Due to these findings, we conclude that the probabilities from table 3.4 do a

relatively good job in mapping market expectations regarding future volatility into actual

volatility.

Table 3.4 Expected range of SPX returns over next 30 days

Up and down probabilities over the next 30 days

VIX level 50% 60% 70% 80% 90% 95% 99%

10 1.95 2.43 2.99 3.70 4.75 5.66 7.44

15 2.92 3.64 4.49 5.55 7.12 8.49 11.15

20 3.89 4.86 5.98 7.40 9.50 11.32 14.87

25 4.87 6.97 7.48 9.25 11.87 14.14 18.59

30 5.84 7.29 8.98 11.10 14.24 16.97 22.31

35 6.81 8.50 10.47 12.95 16.62 19.80 26.03

40 7.79 9.72 11.97 14.80 18.99 22.63 29.74

45 8.76 10.93 13.46 16.65 21.37 25.46 33.46

50 9.74 12.15 14.96 18.50 23.74 28.29 37.18

55 10.71 13.36 16.46 20.35 26.12 31.12 40.90

60 11.68 14.58 17.95 22.20 28.49 33.95 44.61

65 12.66 15.79 19.45 24.05 30.86 36.78 48.33

70 13.63 17.01 20.94 25.90 33.24 39.61 52.05

75 14.60 18.22 22.44 27.75 35.61 42.43 55.77

80 15.58 19.44 23.94 29.60 37.99 45.26 59.49

85 16.55 20.65 25.43 31.45 40.36 48.09 63.20

90 17.52 21.87 26.93 33.30 42.73 50.92 66.92

95 18.50 23.08 28.42 35.15 45.11 53.75 70.64

100 19.47 24.30 29.92 37.00 47.48 56.58 74.36

Note: This table represents the expected S&P 500 returns over the next 30 days
conditional on different VIX levels and for a certain confidence level. Assumptions
are that S&P 500 returns over the 30-day period are normally distributed and
assumed to have zero mean.
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As stated earlier, Whaley [2008] finds that stock returns and implied volatility are

inversely related to each other. Furthermore, the author finds that ”the relation between

rates of change in the VIX and the SPX is asymmetric” for the period covering 1986 to

2008. This means, implied volatility responds stronger to negative stock returns than it

does for positive returns. This might be due to investors becoming more risk averse in

a depressed economic environment. In that case they would buy more option contracts.

Empirical evidence is provided by running the regressions in equation 3.5. The results

from Whaley [2008] for the period from 1986 to 2008 are provided in the upper panel of

table 3.5. The table displays the results of a basic OLS8 regression of the daily relative

change in the VIX (RV IX) on the rate of change in stock market index returns (RSPX)

and a dummy variable which takes the value one for negative stock returns (RSPX−). We

want to see, if his conclusions are valid for the recent financial crisis. The methodology we

use is identical to Whaley [2008], but we adapt the sample period to our horizon. Instead

of looking at time between January 1986 and October 2008, we perform the regression

for the period between March 2005 and March 2015, simultaneously for the US and the

EMU. To test the asymmetry in the rates of change of the volatility indices and the

declines in stock markets, we regress our dependent variable (RV IXt and RV 2Xt) on our

two corresponding explanatory variables. The first explanatory variable is defined as the

rate of change of the S&P 500 (RSPXt) or its European counterpart STOXX (REMUt).

The second variable is the dummy, as mentioned above.

RV IXt = β0 + β1RSPXt + β1RSPX
−
t + εt (3.4)

REMUt = β0 + β1REMUt + β1REMU−t + εt (3.5)

The findings from Whaley [2008] for the period from 1986 to 2008 are summarised in

the upper panel of table 3.5. Both coefficients are negative and statistically significant at

the 99% confidence level. The negative sign of RSPX should be intuitive. It implies that

the VIX decreases, if the S&P 500 increases. In particular, a 100 bps increase in the S&P

500 causes the VIX to decrease by 2.99 percent. However, the relation is asymmetric for

8For a detailed description of OLS estimation, we refer to the first chapters of Wooldridge [2010]. In
fact, we simply regress our dependent variable on an intercept and the explanatory variable and estimate
the coefficients by minimizing the sum of the squared residuals.
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positive and negative S&P returns. This is indicated by the coefficient of RSPX−. The

VIX jumps by a 1.503 additional percentage points for negative changes in the S&P 500.

If the S&P 500 decrease by 100 bps, for example, the VIX is estimated to increase by

4.493%.9 The interpretation of the constant is of less interest in our case. The insignificant

intercept, which is also close to zero, implies that changes in the VIX are well explained

by the S&P 500 movements. We extend the analysis of Whaley [2008] for the period from

2005 to 2015 and, furthermore, estimate the same model for the EMU, which is shown

in the second line of equation 3.5. The regression for the U.S. market is identical to the

one in Whaley [2008]. For the EMU, we simply replace the VIX by the implied volatility

index on the Euro STOXX 50, the V2X, and the REMUt variable captures the rate of

change of the STOXX 50. For the U.S., we find that the relation between stock market

returns and the VIX is still negative. An increase in the S&P 500 by 100 bps is estimated

to lower the VIX by 3.39 percent. However, the asymmetry between positive and negative

stock returns nearly disappears. The coefficient of RSPX− even takes the opposite sign

compared to the earlier period estimates. For the EMU aggregate, the results are fairly

similar. A 100 bps increase in the STOXX 50 is estimated to yield a decrease in the

V2X by 2.809 percent. These effects are highly statistically significant for both of our

regressions.

9RVIXt = −2.990(−0.01)− 1.503(−0.01) = 4.493%.
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Table 3.5 OLS Regression

Dependent variable:

RV IXt RV IXt RV 2Xt

Period: 1986-2008

RSPXt −2.990∗∗∗

RSPX−t −1.503∗∗∗

Period: 2005-2015

RSPXt −3.339∗∗∗

RSPX−t 0.030∗∗∗

REMUt −2.809∗∗∗

REMU−t 0.016∗∗∗

Constant −0.004 −0.012∗∗∗ −0.007∗∗∗

Observations 5,753 2,609 2,609
R2 0.557 0.591 0.601

Note: This table illustrates the time series OLS results for the regression of daily
percentage changes in an implied volatility volatility index (VIX and the EMU
aggregate V2X) on the rate of change of the corresponding stock index (S&P 500
and STOXX 50). The upper panel for the period from 1986 to 2008 was taken
from Whaley [2008]. The bottom panel are our own calculations for the period
from 2005 to 2015. The number of asterisks (*, **, ***) corresponds to the 90%,
95% and 99% significance levels, respectively.



Chapter 4

Empirical Evidence: VAR Model

In this chapter we present an empirical strategy to estimate the medium- and long-term

effects of unconventional monetary policy shocks on stock market uncertainty in the U.S.

and the EMU. We begin this chapter by providing the theoretical foundation of the VAR

model (which is our weapon of choice) and by describing our measures for the monetary

policy stance. Thereafter, we introduce the data and present the exact specification of our

empirical model. Finally, the chapter finishes with a summary of the empirical results.

4.1 Methodology

This section provides the theoretical foundation for our empirical results on the long-term

impact of unconventional monetary policy on stock market uncertainty. In the first part,

we derive the generalized VAR model. The second subsection explains how we measure

the monetary policy stance in times of unconventional monetary policy.

4.1.1 The Vector Autoregressive Model in Theory

Vector autoregressive (henceforth VAR) models are ”one of the most successful, flexible,

and easy to use models. [...] The VAR model has proven to be especially useful for de-

scribing the dynamic behavior of economic and financial time series and for forecasting.

In addition to data description and forecasting, the VAR model is also used for structural

inference and policy analysis.”(Zivot and Wang [2006])

53
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The previous quote summarizes the main idea and importance of the VAR model family

quite well, we believe. The model can provide us with information about the dynamic

relationship between a multiple time series rt (for example the return series of different

assets) and its lagged values. To develop the theoretical foundation for our empirical

approach, we closely follow Lütkepohl and Tsay [2010], who give a technical but still

intuitive description of the VAR model. In the following, we introduce the most basic

reduced form VAR and the structural VAR (SVAR) model, which is our weapon of choice

for identifying the long term effects of unconventional monetary policy. The basic reduced

form VAR model of lag order one, the VAR(1)1, can be written as

rt = φ0 + Φ1rt−1 + at. (4.1)

On the left hand side of equation 4.1, rt is an (n × 1) vector, which contains the n

elements of the multiple time series in period t (for example the monthly returns of n

different asset classes). On the right hand side of the equation, φ0 is a (n × 1) vector of

intercepts for the n different equations of the VAR system. Φ1 is a (n × n) coefficient

matrix, measuring the dynamic relationship between the period t values of r and its first

lag values rt−1. at is a (n × 1) unobservable, uncorrelated white noise sequence of error

terms. Further, in empirical applications it is common to assume a multivariate normal

distribution of a. In that case all off-diagonal elements of the variance-covariance matrix

Σcov are equal to zero. Under the previous assumptions the reduced form VAR coefficients

φ0 and Φ1 in equation 4.1 can be estimated efficiently and consistently by OLS estimation

(Lütkepohl). For OLS to yield unbiased estimates the assumption of uncorrelated and

multivariate normal error terms is crucial.

The intuition of the reduced form VAR(1) model is best illustrated by a simple example

with two variables (n = 2). This means that the time series rt = (r1t, r2t)
′ is described

by a linear projection of its first lags (Tsay [2010]). Assuming this bi-variate case, one

can see from equations 4.2 and 4.3 that each time series in period t depends linearly on

its own and the other series’ lag. The dependence on its own lag holds, if Φ11 6= 0 and

1A VAR process of order p is commonly written as VAR(p). The order simply describes the number of
lags which proof relevant in describing the current process and are, therefore, included in the estimation
procedure.
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Φ22 6= 0. Additionally, there exists a feedback relation between the two series, if Φ12 6= 0

and Φ21 6= 0. If, on the other hand, either Φ12 = 0 and/or Φ21 = 0, then one says that

the two series are uncoupled or inherit a uni directional relation.

r1t = φ10 + Φ11r1,t−1 + Φ12r2,t−1 + a1t (4.2)

r2t = φ20 + Φ21r1,t−1 + Φ22r2,t−1 + a2t (4.3)

In the general case the VAR(p) model with n different endogenous variables can be

written as

rnt = φn0 +
n∑
i=1

Φniri,t−1 + ...+
n∑
i=1

Φniri,t−p + ant, (4.4)

where the nth equation is a function of all lagged endogenous variables up to lag p.

So far nothing has been said about the case where an explicit instantaneous relation

between the variables exists. In mathematical terms this would mean that at least some

off-diagonal elements of the variance-covariance matrix Σcov are different from zero and

that this fact is known or can be inferred by the researcher. In this case, the reduced

form counterpart is called structural VAR (SVAR) model. For equation 4.1 this means

that the n-dimensional time series vector rt is multiplied by an (n× n) restriction matrix

A, which contains the linear restrictions on the instantaneous correlation between the

endogenous variables. Here, it is common to assume that A is a lower triangular matrix

with elements equal to one on the diagonal. It should be intuitive that the diagonal should

only contain the unit elements because if rt is multiplied by A, the diagonal elements

describe the relation between the variable and itself, which should obviously be a relation

by factor one. Since the instantaneous correlations between an endogenous variable i

and other endogenous variables k 6= i are summarized by the off-diagonal elements of

the variance-covariance matrix Σcov, the restriction matrix A satisfies the constraint that

A−1Σcov(A
′)−1 = I, where I is the identity matrix. Under these assumptions the model

from equation 4.1 can be written as
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rt = A−1φ0 + A−1Φ1rt−1 + A−1at. (4.5)

Defining A−1φ0 = φ∗0, A
−1Φ1 = Φ∗1 and A−1at = a∗t , we can write the SVAR model as

rt = φ∗0 + Φ∗1rt−1 + a∗t . (4.6)

In equation 4.6 it is implicitly accounted for a specific structure of the instantaneous

restriction matrix A. In the most basic case it is simply a matrix with unit values on

the diagonal, zeros to the right of the diagonal and coefficients to be estimated to the

left. However, different structures of the restriction matrix are possible. The coefficients

are identified, if the number of linear restrictions (the unit elements on the diagonal not

counted) are not less than n(n − 1)/2 (Gottschalk [2001]). If the constraint holds with

equality, one says that the SVAR model is exactly identified. In economic applications

it is common to set up the constraints such that the system is exactly identified. The

model can then be estimated consistently and efficiently by maximum likelihood, where

one minimizes the negative of the log-likelihood function.

4.1.2 Measuring the Monetary Policy Stance

During normal times, measuring conventional monetary policy is straight forward. That

is, one can simply use the official short-term interest rates, as is common in economic lit-

erature (e.g. Bernanke and Gertler [2000]; Kuttner [2001]; Bernanke and Kuttner [2004]).

However, when interest rates are at the zero lower bound and the central bank engages in

non-standard policy tools, then there might be insufficient variation in the interest rate

variable. Furthermore, non-standard policies would not be captured by the short-term

interest rate variable (Lombardi and Zhu [2014]). It is for these reasons why different mea-

sures for the monetary policy stance should be used when official rates are close to zero.

As has been described in the second chapter, there were substantial differences between

the Fed and the ECB policies. In the following, we, therefore, present two individual

approaches to measure the unconventional policy characteristics in the U.S. and the EMU
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and, thereby, try to overcome the identification problem for measuring monetary policy

shocks.

4.1.2.1 The Shadow Fed Funds Rate

The Fed was one of the first central banks to lower official interest rates close to the

zero lower bound. In addition, it implemented its large-scale asset purchase program at

a relatively early stage of the financial crisis in order to compensate for its impotency to

lower rates any further and to provide additional stimulus to economic recovery. Since the

U.S. central bank did not sterilize its open market interventions, the main effect of the

asset purchase program was an excessive liquidity provision to the private financial sector,

which caused the Fed’s balance sheet to expand (Lombardi and Zhu [2014]). Our measure

for the U.S. monetary policy stance tries to account for exactly these two characteristics;

insufficient variability in the official interest rate variable and a balance sheet expansion

since the end of 2008. We define our monetary policy variable as a combination of two

policy indicators. Firstly, the effective Fed Funds Rate to measure the policy stance for

the period, where the the Fed Funds Rate was above the zero bound. Secondly, the so

called Shadow Fed Funds Rate, which was proposed as an interest rate like measure of the

monetary policy stance when interest rates are fixed at zero (Kim; Bauer and Rudebusch

[2015]).

The idea of a shadow interest rate goes back to Black [1995]. The intention was to create

an artificial interest rate measure, which not only reflects information about actual interest

rate levels but also about other monetary policy instruments. More recent literature

developed the methodology of shadow rate estimations further (Kim; Wu and Xiah [2013];

Lombardi and Zhu [2014]; Bauer and Rudebusch [2015]). These publications propose

dynamic factor models to obtain a best fit estimator of the Fed Funds Rate. In their

approach the authors describe the Fed Funds Rate as a function of several monetary

policy stance indicators. Lombardi and Zhu [2014], for example, employ data on short-

and long-term interest rates, various money aggregates and the composition of the Fed’s

balance sheet for the period from 1970 to 2013. In a next step, the dynamic factor model
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is calculated to obtain estimates for the actual Fed Funds Rate, based on the explanatory

variables and the factor loadings. These fitted values are defined as the Shadow Fed Funds

Rate. For interpretation the Shadow Fed Funds Rate can be thought of as an artificially

created interest rate measure which reflects the official rate that would have occurred, if

interest rates could take negative values. If, for example, the official short-term interest

rate is at the zero lower bound, but the central bank implements unconventional monetary

easing policies, then the shadow rate estimation is likely to return negative values. Here, it

would be possible to get an approximation of the official interest rate that, hypothetically,

would have been decided upon, if negative rates had been feasible. The key advantage of

the Shadow Rate is that it tracks the Fed Funds Rate well during normal times and at the

same time can take negative values and, thereby, explicitly accounts for unconventional

policies like an expansion of the balance sheet when official interest rates are fixed at

the lower bound (Lombardi and Zhu [2014]). Moreover, the Shadow Fed Funds Rate is

comparable to any interest rate measure. This feature makes it attractive for applications

in VAR models where it can replace the Fed Funds Rate as the monetary policy variable

when central banks follow unconventional policy strategies.

4.1.2.2 Eurozone Measures

Since the ECB lowered its official rate relatively late, the marginal lending rate might still

be an adequate measure for the monetary policy stance within the EMU. Therefore, our

main results for the the impact of the ECB policy on uncertainty are based on conventional

monetary policy measures. These are well described by the official short-term interest rate

of the Eurosystem. However, also the ECB introduced a variety of unconventional policy

tools which were not reflected by the official rate. This fact seems to provide justification

for employing additional measures of the monetary policy stance within the EMU in order

to check for robustness of the results. As has been mentioned in the first chapter, the

target balances are a relatively good indicator for the major non-standard instruments

the ECB implemented to fight the internal balance of payments crisis. In addition to us-

ing the ECB’s marginal lending rate, we, therefore, propose a (to our knowledge) unique

approach. In the VAR model we use a country’s target balance as an indicator for un-

conventional monetary policy. First of all, this approach allows us to directly account
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for the unconventional monetary policy decisions. It reflects the degree to which the full

allotment policy and the lowering of collateral requirements were exploited by the banking

sector. Furthermore, we are able to distinguish between country differences within the

eurozone and capture the asymmetry in the money creation. This might be particularly

interesting because the eurozone is relative heterogeneous. Therefore, the ECB policy is

likely not to suit all member countries the same way and one policy might have more

or less strong effects on a single country. For our monetary policy measure it should be

mentioned that we end up with both positive (Germany) and negative (France) balances.

However, the sign is irrelevant for defining a monetary easing policy. Growing target

balances, positive and negative ones, reflect a loose monetary policy, since the opposite

would be a tight non-standard policy with target balances close to zero.

4.2 Data and Econometric Model

We estimate a four variable SVAR model with monthly data for each sample country.

Every model includes the national volatility index as proxy for uncertainty, a monetary

policy stance variable, monthly stock returns and a business cycle indicator to account

for cyclicality. We employ data for the period from June 2007 to December 2014.

In this study we are particularly concerned about the effect of monetary policy shocks

on stock market uncertainty. Thus, we follow economic literature (e.g. Bloom [2009];

Bekaert, Hoerova, and Lo Duca [2013]) and take a country’s implied stock market volatil-

ity index as our key outcome variable to proxy for uncertainty. It is crucial to keep in

mind that such indices do not exclusively reflect market perceptions regarding actual fu-

ture volatility. In particular, they also measure (at least to a certain extent) the aggregate

degree of risk aversion on the corresponding asset market. This is due to the fact that an

implied volatility index is based on option prices, which are used for portfolio insurance

and, therefore, increase in prices, if investor are less willing to take risk. That is why it is

likely that implied volatility indices might be a biased measure for uncertainty and over-

estimate the actual expected volatility. However, despite its weaknesses, implied volatility

is a common measure for uncertainty in empirical economic research and we follow this

approach. Our empirical analysis focuses on the monetary policy effects of the the Fed
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and the ECB. That is why we only employ data from the U.S. and the EMU. More pre-

cisely, we use the VIX, VDAX, VCAC and V2X to measure local uncertainty on the U.S.,

German, French and aggregate EMU stock markets, respectively. A detailed description

of the implied volatility index data can be found above in chapter 3. The time series

were obtained from Bloomberg and they are measured as end-of-month observations. We

follow economic literature by using the natural logarithm of each index (Bloom [2009];

Bekaert, Hoerova, and Lo Duca [2013]; Lutz [2014]) and label this variable VX.

Due to the substantial differences between the Fed and the ECB policies, it seems worth-

while considering different measures of the monetary policy stance (MP) for the dollar

and the euro areas. We measure the Fed’s monetary policy stance by a combination of

the effective Fed Funds Rate and the Shadow Fed Funds Rate. Both rates are illustrated

in figure 4.1. We combine the two rates because of data availability issues. Data on the

Fed Funds Rate is publicly available for a fairly long period but it is inadequate for the

period where interest rates were kept at the zero lower bound. The Shadow Fed Funds

Rate data, on the other hand, is only accessible from January 2009 onwards. Thus, it

does not track our whole sample period, which is from June 2007 to December 2014. For

our empirical approach this means that for the period from June 2007 to April 2009 the

monetary policy stance is defined as the actual Fed Funds Rate. Thereafter, when the

Shadow Fed Funds Rate falls below the actual rate, we use the Shadow Rate as a measure

for monetary policy. Hypothetically, we could have calculated a dynamic factor model

and estimated the shadow rate for the full sample period. However, this procedure is

relatively time intense and it would exceed the scope of this thesis by far. Therefore,

we leave this task for future research. Despite this fact, our approach still seems valid,

since the shadow rate predicts the actual Fed Funds Rate well for times of conventional

monetary policy and, moreover, both measures are directly comparable to each other

(Lombardi and Zhu [2014]). The methodology allows us to directly account for unconven-

tional monetary policy shocks of the Fed for the time when official interest rates hit the

zero lower bound. We obtained the Fed Funds Rate data from the Bloomberg database.

The version of the Shadow Fed Funds Rate which is employed in our study was introduced

by Wu and Xiah [2013] and the data is publicly available on the website of the Fed Atlanta.
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Since the ECB lowered its official rate to the zero bound relatively late (compared to

other major central banks), there is sufficient variation in this variable for our period of

interest. Furthermore, adjustments of its marginal lending rate were one of the ECB’s key

instruments, since a QE policy is hardly justified by the official ECB mandate. There-

fore, we follow conventions in empirical literature on monetary policy VAR models and

measure the ECB policy stance by its marginal lending rate. Obviously, this methodol-

ogy only captures the standard policy decisions and additional measures would be needed

to quantify unconventional monetary policy shocks. To do so we introduce a unique ap-

proach. Here, we make use of the asymmetries in the money creation within the euro area,

which began in 2008 and reflected the non standard policies (the lowering of collateral

requirements and the full allotment policy). In particular, we use the German and the

French central bank’s target balance to measure the monetary policy stance in each of the

countries. The marginal lending rate data was obtained from Bloomberg. Data on the

target balances was downloaded from the website of the Ifo Institute, where it is publicly

available, thanks to professor Sinn.

In order to control for stock market conditions and economic cyclicality we use two

additional variables in all our VAR models. Firstly, we add a variable for stock returns.

That is, we use the monthly return of a country’s major national stock index. For the U.S.

this would, for example, be the returns on the S&P 500. In our estimation, we define the

stock market variable as monthly log returns on the corresponding index and label it SR.

All stock index data was downloaded from Bloomberg and is publicly available. Secondly,

we control for general business cycle fluctuations. We do so by using the natural logarithm

of a national industrial production index, which is common for the literature on monetary

VAR models (Bloom [2009]; Bekaert, Hoerova, and Lo Duca [2013]). Except for the EMU

aggregate, all industrial production data was obtained from the OECD database. An

aggregate index, measuring the industrial production level in the euro area as a whole,

was taken from Eurostat. For comparison we scale all indices, so that the base date is

June 2007. In the calculations we take the natural logarithm of each industrial production

index (Bernanke and Blinder [1992]) and label it IPI.
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Figure 4.1 Fed Funds Rate vs. Shadow Fed Funds Rate

Note: This figure illustrates the monthly time series of the Fed Funds Rate (solid
black line) and the Shadow Fed Funds Rate (grey dashed line) for the period from
March 2005 and January 2009 until March 2015.

Our empirical approach heavily draws on Bekaert, Hoerova, and Lo Duca [2013] and

Bloom [2009]. It should be understood as a replication and extension study of Bekaert,

Hoerova, and Lo Duca [2013], since we program a nearly identical SVAR model to de-

scribe a similar relation; the one between monetary policy and stock market uncertainty.

Moreover, our methodology also shows similarities to the one proposed in Bloom [2009],

from whom we got some inspiration about the ordering and use of the variables. However,

our strategy is unique in that sense that we use the post 2007 period and, thereby, focus

exclusively on the unconventional monetary policy period. This approach imposes further

challenges because finding a valid measure for the monetary policy stance is less straight

forward than for conventional monetary policy periods, as we have shown in chapter two.

In this thesis, we propose a combination of the effective Fed Funds Rate and its shadow

counterpart as a measure for the Fed’s monetary policy stance. Furthermore, we extend

the analysis of Bekaert, Hoerova, and Lo Duca [2013] by not only estimating the effects

of Fed policy shocks but also include the ECB policy in our study. According to our

knowledge, our study is the first which deals with the impact of monetary policy on un-

certainty within the EMU. However, it must be mentioned that there exists another major
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difference between Bekaert, Hoerova, and Lo Duca [2013] and our study. That is, we do

not split up the volatility indices into an an uncertainty and a risk aversion component.

Therefore, we only use the national volatility index as proxy for uncertainty and cannot

distinguish between actual uncertainty and risk aversion. The reason why we decided not

to decompose the indices is that the accuracy of the empirical results crucially depends

on the model of choice in order to measure uncertainty. We have find that for the fi-

nancial crisis period the models used in Bekaert, Hoerova, and Lo Duca [2013] perform

poorly in estimating actual uncertainty. As a consequence there would have been many

observations where the estimated risk aversion component was negative. We take these

results as evidence for the inadequacy of this approach, at least for the period of financial

distress. Furthermore, our research contributes to the literature by estimating potential

cross-border spillover effects of monetary policy.

We estimate a separate model for each sample country. The corresponding VAR model

is illustrated in equations 4.7 and 4.8. In the reduced form VAR, A would simply be a

4 × 4 matrix with full rank. However, we estimate a SVAR model, which is implicitly

calculated by our econometrics package in R, and put some more economic theory into the

model. Its structure is similar to the reduced form VAR. The difference between the basic

VAR and the SVAR lies within the assumptions regarding the instantaneous correlation

between the variables. For the matrix A, which describes the instantaneous relation be-

tween the multiple series, we assume the following structure.

A =


a1,1 0 0 0

a2,1 a2,2 0 0

a3,1 a3,2 a3,3 0

a4,1 a4,2 a4,3 a4,4



We define Zt as the vector with the corresponding time series in period t in the following

order Zt = [IPIt,MPt, V Xt, SRt]. This order should reflect the assumptions that the

business cycle and monetary policy are relatively slow moving variables whereas stock
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market variables react relatively quickly in response to economic shocks. The variance-

covariance matrix is defined as Σcov = CC ′, since the expectation of the outer product

of the reduced form errors εtε
′
t is the identity matrix (Bekaert, Hoerova, and Lo Duca

[2013]).

AZt = ΦZt−1 + εt (4.7)

Zt = BZt−1 + Cεt (4.8)

The specification of A implies a set of linear restriction regarding the instantaneous

correlation between the variables. The first row, for example, defines the restriction for

the variable, which is ordered first. In our case this is the business cycle variable IPI.

In particular, a1,1 should be thought of as the linear dependence of IPIt on itself and

should therefore be equal to one. The same logic holds for all other diagonal elements

(Lütkepohl). The more interesting restrictions are the zero restrictions. Here, we assume

that the business cycle is not instantaneously related to any of the other variables. This

assumption is common in economic literature because contracts or production decisions

might have already been decided upon before unexpected events happen. Therefore, busi-

ness cycles might not react instantaneously in response to macroeconomic shocks (Bloom

[2009]). Further, we assume that monetary policy decisions are made on the basis of cur-

rent business cycle movements. Even if politics is a slow moving business, this assumption

seems plausible, since short-run business cycle movements are predictable, at least to cer-

tain extent (Hamilton [1989]). In addition, we put up the restrictions that the monetary

policy stance does not instantaneously depend on stock market variables, since these are

more likely to reflect shifts short-term expectations and are, therefore, not necessarily rel-

evant for central bankers, who care about the medium- and long-term environment. For

the uncertainty proxy V X we assume that it is instantaneously related to the business

cycle and the monetary policy stance. Here, we implicitly assume market efficiency, such

that an implied volatility index reacts immediately in response to macroeconomic shocks

and the arrival of new information. However, since our uncertainty proxy is forward

looking and it has, moreover, been found that the VIX predicts actual uncertainty quite

well, we assume that current stock market movements are already incorporated in today’s
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implied volatility. For these reasons, the implied volatility should not necessarily change

in response to current stock market moves. Finally, we do not put any instantaneous

restrictions on our stock return variable SR, since stock returns should not only depend

on the economic outlook and the monetary policy stance but also on uncertainty shocks

(Pennacchi [2008]). In addition to the implicit unit restrictions for the diagonal of A,

we use six instantaneous restrictions in SVAR model. Thus, the condition for identifica-

tion, restrictions ≥ n(n− 1)/2, is exactly satisfied. Under the previous assumptions we

can consistently estimate the impact of monetary policy shocks on our macroeconomic

variables, on uncertainty in particular. We estimate the system by maximum likelihood,

where we directly minimize the negative of the log-likelihood function.

4.3 Results

To obtain our main results we estimate the SVAR models described in the previous section.

We decide upon the lag order by using the Akaike information criterion (AIC).2 Obviously,

we could have made our decision based on another criterion, for example the Hannan-

Quinn information criterion or the Schwarz criterion. However, the AIC yields the most

lags for our VAR models and, thereby, it seems most likely to eliminate autocorrelation.

For the U.S. the AIC suggest a lag order of three. For all EMU VAR models the AIC

yields two lags. The calculated values of the AIC statistic are displayed in table 4.1.

Table 4.1 AIC Lag Selection

VAR Model AIC

U.S. -2.24927 -2.27359 -2.27401 -2.26744 -2.26929

Germany -2.19658 -2.20089 -2.19646 -2.19040 -2.18027

France -2.23426 -2.24452 -2.24120 -2.23711 -2.22345

EMU -2.24954 -2.26893 -2.26240 -2.26010 -2.25530

2For a more detailed analysis of information criteria we refer to Bozdogan [1987] and Posada and
Buckley [2004].
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We couch our results in the impulse response functions (henceforth IRFs). All graphical

SVAR representations include confidence intervals (drawn as dashed lines), which were

calculated by simulating 1000 bootstrap replications. Since our sample period was rel-

atively volatile, we decided to calculate 68% confidence bounds, which are tighter than

the 90% intervals proposed by Bekaert, Hoerova, and Lo Duca [2013]. However, the ap-

proach is still in line with, for example, Rudebusch [1998] and Christiano, Eichenbaum,

and Evans [1999], and it is not uncommon in empirical economic literature to use such

tighter confidence bounds to make inference. The orthogonolized IRFs measuring the

impact of domestic monetary policy shocks on national stock market uncertainty for the

subsequent 36 months are illustrated in the left panel of figure 4.2. Here, we provide

evidence for the U.S., Germany, France and the EMU aggregate. For the U.S. we find

that a one standard deviation monetary easing shock (drop in shadow interest rates by

2%) causes uncertainty to decrease in the medium-term (after an initial short-term in-

crease). The impact becomes significant between month 9 and month 30 and takes its

maximum of 0.044 at month 15. Said differently, our results indicate that a one standard

deviation expansionary monetary policy shock by the Fed during the times of financial

distress is expected to lower uncertainty by up to 4.4% in the medium-term, where the

effect dies off after about two years. Similar but, nevertheless, stronger results are found

for the EMU. In the case of Germany, a one standard deviation decrease in the ECB’s

marginal lending rate (1.5%) is estimated to lower expected stock market volatility by a

maximum of 17.34% after 9 months and the effect dies off thereafter. The effect is found

to be significant between months 3 and 26. For France a one standard deviation mone-

tary easing shock causes implied volatility to slightly decrease initially and thereafter to

increase within the first three months. However, these effects are insignificant, even at

the 68% confidence level. For the subsequent two years the impact of monetary policy

shocks on uncertainty is significant and the sign of the effect confirms earlier findings.

A decrease in ECB interest rates yields a decrease in uncertainty in the medium-term

future. The maximum is reached after twelve months with a value of 0.1299. In the final

panel of figure 4.2 we provide equivalent evidence for the EMU aggregate. As one can

see in the graph, the IRF looks fairly similar compared to the one which describes the

impact of monetary policy shocks on the VCAC. This is likely due to the fact that many
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of the largest companies in the EMU are listed in France and, thus, the V2X is dominated

by French firms. Comparing results for the U.S. and the EMU it becomes obvious that

the impact of monetary policy on stock market uncertainty was relatively weaker in the

dollar area. Furthermore, the results are less statistically significant in case of the Fed

policy. This might be due to the fact that both currency areas suffered from different

crises. While the crisis within the U.S. was mainly a result of the real estate bubble, the

eurozone additionally experienced a balance of payment crisis. As has been shown by eco-

nomic literature, credible monetary policy is a crucial factor for solving such a balance of

payment crisis (Krugman [1979]). Therefore, it seems plausible that market participants

paid relatively more attention to the ECB policy when reconsidering their expectations

regarding future uncertainty. Another interesting finding corresponds to the differences

between Germany and France. We find substantial heterogeneity within the EMU. The

effect of monetary policy on uncertainty is estimated to be stronger for Germany than it

is for France. Unfortunately, we cannot identify the exact source of this heterogeneity.

One could, for example, think of uncertainty itself to be determined by different factors

in different countries. In our example, France and Germany were impacted differently

by the balance of payment crisis (Sinn, Buchen, and Wollmershäuser [2011]; Klepsch and

Wollmershäuser [2011]). While the German euro was too weak relative to its competitive-

ness, the French euro was overvalued relative to the French productivity. Furthermore,

the composition of the GDP differs between these two countries. The German propor-

tion of industrial production, for example, is nearly fifty percent higher than in France.

Such differences might imply different volatility expectations depending on the type of

crisis and its impact on the economy. Another possibility might be that monetary policy

transmits asymmetrically to different EMU member countries. This heterogeneity could

arise from the fact that one common monetary policy is not necessarily well suited for the

whole currency area, if the individual regions differ from each other. Relevant differences

might, for example, be the production structure of the economy or political factors, which

might have important implications for a country’s ability to absorb monetary policies.
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Figure 4.2 Impulse Response Functions: Main Results

Note: This figure illustrates the orthogonalized impulse response functions measur-
ing the impact of monetary policy shocks IR on implied volatility V X (left panel)
and the impact of volatility shocks V X on industrial production IPI (right panel)
for the U.S., Germany, France and the EMU aggregate. The results are shown for
the subsequent 36 months. The dashed lines represent 68% confidence intervals
based on 1000 bootstrap replications.
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Figure 4.3 Impulse Response Functions: Unconventional EMU Policy Effects

Note: This figure illustrates the orthogonolized impulse response functions mea-
suring the impact of the ECB’s unconventional monetary policy on uncertainty for
Germany and France. The monetary policy stance is proxied by a country’s target
balance. Uncertainty is defined as the natural logarithm of the national volatility
index. The results are shown for the subsequent 36 months. The dashed lines
represent the 68% confidence intervals based on 1000 bootstrap replications.

Since the EMU crisis and the corresponding ECB policy were somewhat special, we

chose to use an additional proxy for the monetary policy stance within the eurozone to

check for robustness of our results regarding uncertainty shifts in Germany and France.

Here, we chose to use the target balances as monetary policy stance measure because these

seem to reflect the unconventional ECB policy relatively well, as we have shown above.

The IRFs measuring the impact of unconventional monetary policy shocks of the ECB

on uncertainty in Germany and France are shown in figure 4.3. The effects are relatively

small but the sign supports the findings above. Monetary easing (positive target balances

in Germany and negative ones in France) causes uncertainty to decline in the medium-

run. A one standard deviation monetary easing shock causes uncertainty to decline by a

maximum of 2% in Germany after 12 months. The effect starts to die off thereafter, but

it is only significant between month 8 and month 12. For France the figure indicates that

there is a persistent effect of such non-standard monetary policy events on uncertainty

levels. A one standard deviation increase in target liabilities (e24 billion) is expected to

yield a significant permanent decline in uncertainty by approximately 0.6% after about

one year. This might be an interesting finding for policy makers, since a permanent decline

in implied volatility might reflect a decrease in aggregate risk aversion (Bekaert, Hoerova,

and Lo Duca [2013]). In this case, monetary easing might have stabilizing effects in the

medium-term but it might yield a destabilization of the financial system in the long-run,
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if greater risk taking causes a misallocation of capital and, thereby, benefits the creation

of financial bubbles.

In addition to our key results above we also provide evidence on how volatility shocks

impact industrial production. This relation is crucial for monetary policy makers to

form expectations about future inflation rates. Hence, to understand monetary policies

during the financial crisis it is necessary to have information of how sharp increases in

uncertainty impact business cycle indicators during times of financial turmoil. The corre-

sponding IRFs for the U.S., Germany, France and the EMU are plotted in the right panel

of figure 4.2. All results are insignificant for the first two months and become significant

only for a short period thereafter. This is intuitive because business cycle indicators are

slow moving variables compared to stock market variables. Uncertainty shocks should,

therefore, not trigger instantaneous reactions of industrial production indices. The IRFs

show the expected shape and confirm the findings from Bloom [2009]. Volatility shocks

have a negative impact on aggregate production. The slope of the IRF looks most normal

for the U.S. market. Here, a one standard deviation volatility shock (increase in expected

volatility by 9 percentage points) is estimated to cause a decrease in industrial production

by 2.5% after one year and the effect dies off after approximately two years. For the

EMU the reaction of the business cycle to volatility shocks looks slightly different. The

impact is strongest for Germany and the EMU as a whole. A negative volatility shock

in Germany (increase in the VDAX by 9.2 percentage points), for example, is expected

to lower industrial production by a maximum of around 10% after a bit less than two

years. In France industrial production is less strongly affected by volatility shocks. This

might be due to the fact that Germany is relatively more export oriented than France and

that the aggregate industrial production within the EMU is dominated by Germany due

its size. Further, it seems as if aggregate production overshoots in France. This general

phenomenon is also mentioned in Bloom [2009]. While interpreting the results it must be

mentioned that the all IRFs measuring the response of industrial production to volatility

shocks become insignificant after less than two years. Therefore, our explanations regard-

ing the impact of volatility shocks on the business cycle should be seen as suggestions and

not as strong evidence.
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Figure 4.4 Impulse Response Functions: Spillover Effects

Note: This figure illustrates the orthogonolized impulse response functions mea-
suring the impact of the Fed’s unconventional monetary policy on uncertainty in
Germany France and the EMU. The monetary policy stance is proxied by a com-
bination of the Fed Funds Rate and the Shadow Fed Funds Rate. Uncertainty is
defined as the natural logarithm of a stock market volatility index. The results
are shown for the subsequent 36 months. The dashed lines represent the 68%
confidence intervals based on 1000 bootstrap replications.

Finally, the SVAR methodology allows us to check for spillover effects from one cur-

rency area to the other. Previous literature suggests that such relations exist, as we have

also shown in the empirical literature summary of chapter 2. Economic literature finds

that the Fed policy impacts foreign interest rates and exchange rates significantly (Neely

[2010]; Wright [2012]). In addition, one can clearly see that the ECB follows the Fed

policy with a time lag. We conclude that it seems reasonable to assume that the Fed

is the dominating central bank and that the ECB might be just the follower. A sim-

ple Granger causality test, which tests whether one interest rate series Granger causes

the other, supports this hypothesis. The hypothesis that the ECB interest rate series

does not Granger cause the Fed Funds Rate cannot be rejected at the 90% significance

level. The opposite hypothesis, on the other hand, that the Fed Funds Rate time series

does not Granger cause the marginal lending facility of the ECB can be rejected at the

99% significance level. Therefore, we only check for spillover effects from the U.S. to the

EMU. Figure 4.4 displays the response of uncertainty within the EMU to monetary policy

shocks by the Fed. The IRFs show the expected shape. A one standard deviation mone-

tary policy shock (decrease in the Shadow Fed Funds Rate by 2%) is estimated to lower
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uncertainty in Germany significantly by approximately 1.4% after ten months. In France

the maximum is estimated for month four with about 2%, but the effect is insignificant.

However, our results indicate that uncertainty is lowered permanently in France and this

permanently lower uncertainty level is found to be statistically significant. This might be

further evidence for the greater risk appetite in some countries of the euro area due to

the expansionary monetary policy.

To summarize our key results, we find that the monetary easing policies since 2007

effectively lowered uncertainty in the medium-term future. This result holds for both

the U.S. and the EMU and for potential spillover effects from the Fed policy to the

eurozone. Interestingly, we find persistent effects in France, which might be an indication

for excessive risk taking due to the unconventional monetary policy decsions. Furthermore,

our findings confirm Peersman [2011], who shows that unconventional monetary policy

transmits into the economy slower compared to conventional moentary policy.



Chapter 5

Emprical Evidence: An Event Study

In this chapter we provide additional evidence for the transmission of monetary policy

into volatility expectations by employing an event study methodology based on high-

frequency data. We calculate unexpected monetary policy shocks and estimate their

impact on daily changes in implied volatilities. Due to data availability issues, we only

make inference regarding the U.S. monetary policy. However, our approach allows us to

check for spillover effects from the Fed to the EMU markets.

5.1 Measuring Unconventional Monetary Policy Shocks

For the event study we, again, face the challenge of finding a valid measure for uncon-

ventional monetary policy. Here, our empirical approach is similar to Wright [2012] and

Glick and Leduc [2013]. The authors propose to extract the unexpected monetary policy

surprises from changes in long-term bond futures. The methodology was first suggested

by Kuttner [2001], who calculates conventional monetary policy surprises from changes in

Fed funds futures. In our case, the key argument for using long-term futures is that un-

conventional monetary policy at the zero lower bound mainly affects the yields for longer

maturities. In other words, it flattens the yield curve. Since futures prices (and yields)

reflect forward looking market perceptions regarding the monetary rate policy stance,

changes in U.S. long-term treasury futures are likely to happen when new relevant infor-

mation arrives on the market. Unexpected monetary easing should cause futures yields

73
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to decrease and vice versa. For estimation purposes we calculate the unexpected mone-

tary policy surprises as the first principal components of price changes in treasury futures

around the FOMC announcement window. Here, we calculate the joint variation of 2-,

10- and 30-years U.S. treasury futures around the Fed’s monetary policy announcements.

The key assumption for identification is that long-term bond futures are more volatile

around unexpected unconventional monetary policy announcements than they are oth-

erwise. This means that we implicitly assume that the unconventional Fed policy aims

to flatten the yield curve and therefore, FOMC announcements are likely to contain rel-

evant information for the market participants. With regard to first principal component

of long-term yield changes, this means the greater the joint variation in bond futures the

greater the monetary policy surprise. We follow Wright [2012] and Glick and Leduc [2013]

and define decreasing (increasing) yields as a positive (negative) surprise. For making the

results more intuitive we scale the policy surprises so that they have a standard deviation

of one.

The following technical explanations are based on Tsay [2010], who provides a formal

but still intuitive introduction to principal component analysis (henceforth PCA). Since

we only need the first principal component in order to calculate our policy surprises, we

ignore all higher components in this thesis and refer to Tsay [2010] for any additional

information. The first principle component can either be calculated from the covariance

matrix or the correlation matrix of the time series matrix. Tsay [2010] introduces a

simple example to derive the formula for the principal component calculations. The

author assumes there exists a portfolio consisting of N individual assets and T periods

which yields the return matrix r (dimension (N x T )). Given the set of portfolio weights

(ω), the corresponding portfolio returns (y) are given by

yi = ω′ir =
∑
j

ωijrj. (5.1)

Without loss of generality one can assume the sum of the squared portfolio weights to

be equal to one. Moreover, the covariance matrix of the random return series is defined
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as Σr. Then, the portfolio variance can then be written as

σ2
y = ω′Σrω. (5.2)

To find the first principal component one tries to maximize the portfolio variance sub-

ject to the constraint that the sum of squares of the weights is equal to one. The second

principal component is found by performing similar maximization but additionally intro-

ducing the constraint that the covariance between the first and the second portfolio is

equal to zero. This is needed because otherwise there would exist a statistical relation

between the two series and one could reduce the dimension of the PCA by removing,

for example, the second portfolio. Tsay [2010] writes the ith principal component of the

return series as

yi = e′ir, (5.3)

where e is the eigenvector of the portfolio return matrix. A useful implication of princi-

pal component analysis is that the total variance explained by the ith principal component

can be calculated from the eigenvalues (λ) of r and it is given by

PCi =
λi

λ1 + ...+ λk
. (5.4)
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5.2 Data and Econometric Model

To calculate our surprise components (PCA) of the Fed’s monetary policy announcements,

we use the dataset from Glick and Leduc [2013]. It includes intraday data on 2-, 10- and

30-years U.S. treasury futures with five minutes frequency. In total, we observe 43 event

days where relevant monetary policy information was made public to the market partic-

ipants. Our announcement window is defined as 15 minutes before and after the policy

event. This approach closely follows Wright [2012] and Glick and Leduc [2013]. However,

we choose a slightly smaller announcement window in order to reduce the bias that arises

from price changes due to other factors we do not control for. The monetary policy sur-

prises are calculated as the first principal component of price changes of treasury futures.

Further, we scale the surprises so that they have a standard deviation of one and assign

a positive (negative) sign to unexpected monetary easing (tightening). The full sample of

our U.S. monetary policy surprises is illustrated in table 5.1. Out of the 43 policy event

days, we find 20 negative and 23 positive surprises.

Our dependent variable is defined as the daily log change of a national implied volatility

index. Since we employ end-of-day stock market data, we calculate the daily change in

the VIX between the day of the policy announcement and the previous day. Similar to

the VAR estimations, the daily time series were obtained from Bloomberg. Since the VIX

and its European counterparts were unusually volatile during the crisis period, we follow

Bloom [2009] and demean our volatility index time series. In this respect, we calculate

an exponentially weighted moving average (MA) for the past 22 trading days, which is

related to Bloom [2009], who chooses a Hodrick-Prescott filter instead.
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Table 5.1 Monetary Policy Surprises

Dates Policy Announcement Time PCA

25/11/08 8:15 0.351
01/12/08 13:40 0.686
16/12/08 14:15 0.608
28/01/09 14:15 -0.360
18/03/09 14:15 3.407
29/04/09 14:15 -0.597
24/06/09 14:20 -0.682
12/08/09 14:15 -0.201
23/09/09 14:15 0.540
04/11/09 15:20 0.096
16/12/09 15:15 0.044
27/01/10 15:15 -0.046
16/03/10 14:15 0.155
28/04/10 14:15 -0.124
23/06/10 14:15 0.129
10/08/10 14:15 0.452
27/08/10 10:00 -0.261
21/09/10 14:15 0.208
15/10/10 8:15 -0.266
03/11/10 14:15 -0.954
14/12/10 15:15 -0.114
26/01/11 15:15 0.035
15/03/11 14:15 -0.159
27/04/11 12:30 0.109
22/06/11 12:30 -0.140
09/08/11 14:20 0.321
26/08/11 10:00 -0.163
21/09/11 14:20 0.689
02/11/11 12:30 -0.126
13/12/11 15:15 0.098
25/01/12 13:30 0.054
13/03/12 14:15 -0.274
25/04/12 12:30 -0.280
20/06/12 12:30 0.501
01/08/12 12:30 -0.058
31/08/12 10:00 0.176
13/09/12 12:30 -0.835
24/10/12 14:15 0.057
12/12/12 12:30 -0.413
30/01/13 15:15 0.109
22/05/13 10:00 0.266
19/06/13 14:15 -0.123
12/12/13 14:00 0.044

Note: The table shows the monetary policy surprises which are calculated based
on high-frequency price changes of 2-, 10- and 30-years U.S. treasury futures.
These are defined as the first principal component of price changes around a 15
minutes window around the corresponding policy announcement. All surprises are
standardized to have a standard deviation of one.
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Finally, we estimate the following OLS regression, which is shown in equation 5.5. We

regress the daily demeaned log change in the national volatility index (∆VX) on an inter-

cept and our Fed monetary policy surprises (PCA). Due to the characteristics of our data

and the fact that we employ an event study methodology and do not observe a random

sample, the error components (ε) are not necessarily uncorrelated and homoskedastic.

Therefore, all standard errors in this chapter are made robust to heteroskedasticity and

autocorrelation.

∆V Xt = β0 + β1PCAt + εt (5.5)

5.3 Results

We have to stress from the beginning that all estimates using the regular log changes of

implied volatility indices (and not their demeaned equivalents) are statistically indistin-

guishable from zero. This result supports the findings from the SVAR model, where the

impulse responses of uncertainty to monetary policy shocks are insignificant for the first

few months. However, we expect this result to be partially driven by the high volatility

of our sample period. That is why we made the decision to smooth the implied volatility

indices by calculating the MA values and, thereby, getting rid of the extreme values. The

OLS estimates of the effects of the Fed’s monetary policy surprises (PCA) on the daily

changes of the VIX, VDAX, VCAC and V2X are illustrated in table 5.2. The table shows

our results for the full sample of the 43 event days between 2008 and 2013, where rele-

vant policy news arrived on the market. Heteroskedasticity and autocorrelation robust

standard errors are given in parentheses. For interpretation purposes the intercept is less

relevant. The main interest lies in the coefficient of PCA, which states the estimated

impact of a one standard deviation monetary policy shock on the daily log change of the

corresponding demeaned volatility index. Considering the full sample, we find that a one

standard deviation policy shock is expected to reduce the MA of the VIX by 0.068 log

points. The sign is negative, as has also been found by Bekaert, Hoerova, and Lo Duca

[2013], and it is significant at the 95 percent confidence level. Moreover, our estimates

provide weak evidence for spillover effects from the U.S. to the EMU. This is in line with
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our finding that there exists a unidirectional relation between the monetary policy of the

Fed and the ECB policy. If investors are aware that the ECB is likely to follow the Fed

policy with a lag, then stock markets within the EMU should react instantaneously in

response to policy decisions of the U.S. central bank. Otherwise, there would be a con-

tradiction to the efficient market hypothesis because prices would not reflect all relevant

information (Basu [1977]). The signs of the effects of PCA on the EMU indices are all

negative, as expected. For the German index the effect is insignificant. However, the

results show that monetary policy shocks in U.S. are expected to lower uncertainty on the

French and the aggregate EMU stock market by 0.035 and 0.068 log points, respectively.

The coefficients are statistically significant at the 90 and the 95 percent confidence level,

respectively.

Table 5.2 OLS Results of the Event Study (full sample)

Dependent variable:

Volatility Indices Moving Average

(∆VIX) (∆VDAX) (∆VCAC) (∆V2X)

PCA -0.068** -0.048 -0.035* -0.068**
(0.037) (0.043) (0.026) (0.039)

Constant -0.013 -0.0001 -0.010 -0.013
(0.043) (0.062) (0.06) (0.058)

Observations 43 43 43 43
R2 0.043 0.026 0.04 0.033

Note: This table shows the results of the OLS regression of the daily log change of a
22-days exponentially weighted moving average volatility index on an intercept and
a monetary policy surprise variable measuring the unexpected component of the
Fed announcements. Individual regressions are run for the U.S. (VIX), Germany
(VDAX), France (VCAC), the EMU (V2X). The sample includes 43 event days
between 2008 and 2013. One, two or three asterisks indicate significance at the
90%, 95% or 99% confidence level.

Additionally, we restrict our sample by choosing only the QE related policy event days

for the regression. The dates are taken from Wright [2012] and Lutz [2014], which yields
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16 monetary policy events. The results are shown in table 5.3. All signs on PCA are

negative, as we would have expected. Positive monetary policy shocks from the Fed are

estimated to have a negative effect on implied volatility and, thus, uncertainty. Further,

the coefficient of the U.S. monetary policy shock impact on the VIX becomes larger and

more significant. One explanation for this finding could be that the QE took pressure

from private balance sheets, improved market functioning and, thereby, reduced economic

uncertainty. In that case, what might have calmed market participants’ sentiment down

were the large-scale asset purchases and the alike policy decisions. Checking for spillover

effects, we find that the sign of PCA is negative for all European indices. However, the

significance levels are less clear cut. Whereas the effect on the German index becomes

weakly statically significant, the impact on the French index becomes insignificant. For

the aggregate EMU index not much changes compared to the unrestricted sample.

Table 5.3 OLS Results of the Event Study (restricted sample)

Dependent variable:

Volatility Indices Moving Average

(∆VIX) (∆VDAX) (∆VCAC) (∆V2X)

PCA -0.084*** -0.055* -0.028 -0.067**
(0.034) (0.039) (0.034) (0.038)

Constant -0.0489 -0.0001 -0.010 -0.114*
(0.041) (0.083) (0.049) (0.075)

Observations 16 16 16 16
R2 0.051 0.029 0.027 0.030

Note: This table shows the results of the OLS regression of the daily log change of a
22-days exponentially weighted moving average volatility index on an intercept and
a monetary policy surprise variable measuring the unexpected component of the
Fed announcements. Individual regressions are run for the U.S. (VIX), Germany
(VDAX), France (VCAC), the EMU (V2X). The sample includes the 16 event
days between 2008 and 2013 which were related to the QE policy of the Fed. One,
two or three asterisks indicate significance at the 90%, 95% or 99% confidence
level.
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To summarize the results from this event study, we find that the impact of unexpected

monetary policy surprises on uncertainty is not as obvious for the crisis period, whereas

evidence for exchange rates or interest rates is more clear cut (Wright [2012], Glick and

Leduc [2013]). One reason for this might be that, in contrast to interest rates, uncertainty

during and in the aftermath of the global financial crisis was likely influenced by various

factors. In that case, it would not be surprising that we do not find any significant

instantaneous relation between nominal volatility indices and monetary policy. However,

we try to overcome this bias by using a smoothed version of implied volatility in order

to get rid of the extreme values. Interestingly, this procedure yields significant effects of

unexpected monetary policy shocks on our uncertainty measures. Unexpected monetary

easing by the Fed is expected to lower the smoothed volatility expectations regarding the

S&P 500. Furthermore, we find weak evidence for spillover effects from the U.S. policy

to the euro area. In addition, our results become statistically more significant once we

restrict our sample to the event days that were actually related the the QE policy of the

Fed. This might indicate that market participants expected the large-scale asset purchases

to be the U.S. central bank’s most efficient instrument to deal with the crisis. Another

interpretation might be that the drop in relative volatility was mainly due to a decrease

in aggregate risk aversion (Bekaert, Hoerova, and Lo Duca [2013]). This would imply the

risk of a misallocation of capital due to greater risk taking and a greater probability of

financial bubbles to occur.
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Conclusion

Analyzing the monetary policy events since the onset of the recent global financial crisis,

we show that both the U.S. and the EMU made use of a variety of unconventional mone-

tary policy tools. The reasoning behind these actions was to complement for the inability

to set interest rates below the zero bound and the ineffectiveness of conventional mone-

tary policy to transmit into the economy. In 2008 the Fed already lowered its target Fed

Funds Rate close to zero and additionally started to expand its balance sheet by buying

assets on the market, which is known as QE. The ECB, on the other hand, followed the

zero interest rate policy with a lag of approximately four years. Also the QE policy was

implemented later, in 2015 to be precise. However, this does not mean that the ECB

did not implement any unconventional policy instruments in the meantime. These were

just not as visible as the Fed policy tools. This might be due to the unique structure

of the crisis within the eurozone. Additionally to the negative externalities arising from

the burst of the U.S. housing market bubble and the fall of Lehman Brothers, the EMU

experienced an internal balance of payment crisis (Sinn and Wollmershäuser [2011]). The

ECB’s decision to lower the collateral requirements for the refinancing operations with

the private banking system and its excessive liquidity provision must be interpreted as

a strategy to deal with this internal currency crisis. In contrast to the Fed, these ECB

policies did not yield significant central bank balance sheet expansions. The result was

rather an asymmetry in the local money creation, which was reflected by the target bal-

ances. In general, all the unconventional policies were, to a large extent, designed to lower

uncertainty and to restore market functioning. In this context, it was intended to lower

82
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uncertainty regarding the economic outlook in general and counterparty risk in particu-

lar. Our key indicators to measure such uncertainty are implied stock market volatility

indices like the VIX. These reflect the expected volatility of the major national stock index

for the upcoming one month period, implied by out-of-the-money option prices. In all

our sample regions (U.S., Germany, France, EMU aggregate) implied volatility skyrock-

eted during the crisis. Especially the bankruptcy of Lehman Brothers and the European

sovereign debt and banking crises caused uncertainty to increase. Since unusually large

uncertainty levels are likely to disturb the monetary policy transmission mechanism, cen-

tral bankers should keep an eye on that variable. Moreover, high uncertainty might have

important implications for aggregate output and expected inflation rates, which could be

further justification for central bankers to intervene. Generally, monetary policy makers

should have an interest in keeping uncertainty at relatively low levels. Especially dur-

ing times of financial distress, when uncertainty peaks, the objective of stable volatility

expectations should be crucial in order to restore market functioning and to assure that

monetary policy can create the desired effects. Due to these reasons, we believe that it is

of great importance to understand the impact of monetary on uncertainty, if one wants

to evaluate a central bank’s crisis policy.

We asses this question empirically by employing a SVAR model with monthly data and

an event study methodology based on high-frequency data. Our methodology is inspired

by Kuttner [2001], Bloom [2009], Bekaert et al. [2013], Wright [2012], Glick and Leduc

[2013] and Lutz [2014], to mention a few. The key results of our empirical analyses are

couched in the IRFs of the SVAR model. We find that monetary easing shocks (both

conventional and unconventional) effectively lowered uncertainty in the U.S., Germany,

France and the EMU between 2007 and 2014. Furthermore, our results indicate that the

impact of monetary policy on uncertainty was larger in the EMU than it was in the U.S.

dollar area. This could be due to the fact that the central bank decisions might have been

of even greater importance in the EMU because the euro area suffered from the balance

of payment crisis. Krugman [1979] shows that central bank policies are crucial for the

development of such currency crises. Comparing the IRFs for Germany and France, we

estimate expansionary monetary policy to lower uncertainty more effectively in Germany
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than in France or for the EMU aggregate. This is an interesting result, since it could be

seen as evidence for the hypothesis of an asymmetric monetary policy transmission within

a non optimum currency area with heterogeneous member countries. Further, the impulse

responses from all our SVAR estimates are insignificant for the first three months and be-

come significant thereafter. This result confirms Peersman [2011], who presents evidence

that unconventional monetary policy transmits into the economy slower compared to con-

ventional policies. However, our results also show that unconventional monetary easing

during times of financial distress has similar long-term effects on uncertainty compared

to conventional policy during normal times, as is stated in Bekaert et al. [2013]. On the

other hand, our results might indicate that other factors next to the the monetary policy

stance were relevant determinants of uncertainty and that it is, in general, more difficult

to interpret market relevant information in a highly volatile economic environment. An-

other crucial finding of our study is that there exists evidence for spillover effects from

the U.S. to the euro currency area, as is also noted in Neely [2010] and Wright [2012], for

example. One might think of the Fed as the dominating central bank and the ECB as

a follower. In that case, decisions made by the Fed should cause reactions on the EMU

markets. However, such reactions could, hypothetically, also be explained by the size of

the U.S. economy, which would imply a non-negligible impact on U.S. trading partners.

Unfortunately, we cannot identify the exact source of the spillover effects but this field

offers great opportunities for further research. In our event study we identify monetary

policy shocks by calculating the variation of long-term treasury futures around FOMC

announcements. The OLS regression results of implied volatility on the policy shocks

confirm the weak instantaneous reaction of our uncertainty proxy. The baseline results

were all insignificant. However, after demeaning the implied volatility indices we find a

statistically significant relation between daily changes in uncertainty and monetary policy

shocks for the dollar area. Furthermore, we provide statistical evidence for spillover effects

from the Fed decisions to the EMU, if we use the demeaned implied volatility indices. We

take this as evidence that our results are highly influenced by the choice of our sample

period, since it was relatively volatile.



Chapter 6 Conclusion 85

In general, our results confirm findings of empirical economic literature on the trans-

mission of unconventional monetary policy into asset markets. However, especially the

transmission mechanism effects of the ECB policy are still a virgin field and we believe

that it deserves more attention in future research. First of all, for the empirical analysis of

the impact of unconventional monetary policy on financial markets and the real economy,

the identification of monetary policy shocks is crucial. Therefore, it might be an interest-

ing task for future research to estimate shadow interest rates for the euro area, similar to

the ones calculated for the Fed Funds Rate (e.g. Wu and Xiah [2013]; Lombardi and Zhu

[2014]). In the actual analysis the impact of the common monetary policy on both aggre-

gate EMU variables and on the individual member countries would be of great interest

to economic researchers and policy makers. In this context, more should be known about

the effect of the ECB policy on asset markets, exchange rates or real variables like the

business cycle. Regarding the aggregate EMU effects it seems worthwhile investigating

whether these are in line with economic theory and comparable to other major currency

areas like the U.S., for example. With regard to the transmission of monetary policy to the

individual euro member countries, more needs to be known about potential asymmetries

of these effects. In this context, upcoming research should complement earlier literature

(e.g. Ehrmann [1998]; Angeloni and Ehrmann [2003]) and provide additional empirical

evidence on asymmetric monetary policy transmission mechanism effects. These results

might yield useful information regarding the efficiency of a common monetary policy for

a set of relatively heterogeneous countries, as it is the case in the EMU. The findings

are likely to have important implications for the analysis and potential suggestions on

the solution of the current euro crisis. It is crucial to get a better understanding of the

ECB policy effects in order to evaluate whether the central bank can actually mitigate

the negative externalities of the euro crisis and can actively engage its solution. Another

important aspect of unconventional monetary policy is its effect on capital allocation.

Critics often stress that QE might yield a destabilization of the financial system in the

long-run because, on the one hand, it is likely to push asset prices above their fundamental

values and, on the other hand, it might create incentives for investors to undertake more

risky investments. In any case, the question whether QE benefits a misallocation of capi-

tal is crucial to evaluate the effectiveness of such a policy. In this respect, replicating an
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improved version of the approach in Bekaert, Hoerova, and Lo Duca [2013] for EMU data

(and also for an actual U.S. sample) might provide informative results. Estimating the

individual effects of monetary easing on uncertainty and risk aversion should be one of the

key objectives for future economic research within the field of unconventional monetary

policy.

For the EMU the discussion about exit strategies from unconventional monetary policy

might be a bit too early by now, since it had just started with its QE program at the time

the final version of this thesis was handed in. For the U.S., on the other hand, the policy

change towards a more restrictive monetary policy seemed to be just a matter of months

by mid 2015 (Derby [2015]). It will be interesting to observe the actual decisions made by

the Fed in the end of 2015 and during the year 2016. Investigating the impact of potential

policy shifts on the financial and the real economy could provide informative results about

the actual efficiency of the Fed’s policy tools. A final conclusion can probably first be

drawn once such a policy change has been decided upon and time will tell, if economists

did a good job in analyzing the advantages and the risk of the non-standard monetary

policies.
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