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Spillover effects of unconventional monetary policy
on capital markets in the shadow of the Eurozone: A
sample of non-Eurozone countries

y y , 1 y y_ e o 2
Mercédesz Mészaros,” Gabor David Kiss

Abstract: The transmission mechanism has been dominated by direct monetary
measures since the crisis of 2008. While the indirect impacts of the unconventional
monetary instruments have not been fully explored yet. Monetary policy and funding
conditions determine pricing sentiments for bond, stock and currency markets,
represented by the volatilities of their main indicators: stock market indices, exchange
rates, and yield premia. Our theoretical model takes spillover effects into account when
it determines the variables which are responsible for volatility: the activities of
international financial institutions (like the ESM or the IMF) are represented by dummy
variables, while the limited autonomy in the shadow of the ECB is captured through
gravity-like approaches. Six EU member states outside the Eurozone and Switzerland
were analysed between 2007 and 2019 with random effect panel regression models to
identify the differences in the impact of spillover effects on capital market volatilities.
The results obtained are considered to be useful in mapping the potential effects of
continuing monetary easing in the near future.

Keywords: unconventional monetary policy; QE; spillover effects; capital markets
JEL classification: C33, E43, E44, E52, E58, G15

Introduction

Nowadays, when the normalisation of monetary policy seems to be hindered by a global
economic downturn, it is important to assess the impacts of the unforeseen
developments on the capital markets, such as the usage of unconventional monetary
instruments. Once conventional monetary policies had reached their limits, central
banks had to expand their balance sheets to fight deflation and to restore financial
stability as well. While the “lender of last resort” function had to be enhanced by long
term lending programs, a new “market maker of last resort” function emerged, as
sovereign and private bond accumulation was initiated to restore the efficiency of the
transmission mechanism. Parallel to these efforts, a massive sovereign debt
restructuring programme was implemented in some EU member states by the
International Monetary Fund (IMF) and later by the European Stability Mechanism
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(ESM). Bond market investors found themselves in an accommodative environment
where demand was being stabilised by the central bank, and unsustainable public debt
term-structures were being resolved by the initiation of the ESM. All these steps had a
calming effect in the second half of the 2010s, with a slight reduction in the long-term
yields.

The liquidity of the stock and bond market got more attention, as the credit crunch
caused a gradual decline in corporate loans following the subprime crisis. One
explanation for this is that, with the decline in banks’ willingness to lend, economic
actors started to bypass them by directly financing the corporate sector through the bond
market, thus contributing to crisis management. On the other hand, central bank security
and asset purchases also began at this time and continued for the rest of the decade. The
European Central Bank showed deep commitment towards quantitative easing (QE), but
the “stickiness” of the unconventional monetary policy manifested in the continuation
of these policies even in 2019—regardless of the fact that originally these were intended
as temporary measures only. The example was even followed by several central banks
of small open economies that are more exposed to global liquidity flows than the
relativity robust US or the Eurozone.

The performance of the monetary policy is historically evaluated via the variances of
macro-variables like inflation and output gap, mostly in the form of policy frontier
graphs (Taylor and Williams, 2011). However, this approach can be interpreted for the
capital markets as well. The main objective of our research was to identify the extensive
impact of the European QE programs on the currency, stock and bond market pricing
uncertainties, since the volatility of these markets can be a valuable benchmark for
understanding the potential spillover effects of the unconventional monetary policy.
Prior research has dealt with these financial and capital market effects of the
unconventional monetary policy in many different ways. For example, Haitsma et al.
(2016) compared the effects on the stock market caused by traditional measures and by
unconventional instruments of monetary policy, and there was even a study which
compared the effects generated on the capital market correlations by the different QE
programs of the ECB (Kenourgios et al. 2019). As for the European manifestation of
QE, the majority of studies on this topic examined the effects within the Eurozone, with
only a few covering the non-Eurozone countries (Kucharéukova et al. 2016). There is
even less research that analyses the relationship between unconventional monetary
policy and its spillovers in the capital markets, in the sample of these less-studied
countries (Ciarlone and Colabella, 2018).

This paper fills the gap in the literature by implementing a model which recognises the
size differences among the ECB and the sample of European central banks of small
open economies in the halo of the Eurozone, the initiation of the various debt-
restructuring programs and the applied accommodative security purchase and lending
programs. Since volatility can be interpreted as a sign of uncertainty in asset valuation,
the calming impact of the aforementioned efforts can be tested considering the possible
spillovers and the potential portfolio rebalancing effects. This agenda requires precise
identification of the manner in which each of these unconventional instruments was
applied, and to what extent, with macro variables which can be relevant for the
transmission mechanism. Our aim is to explore the specific aspects of the relationship
between QE and the transmission mechanism in the context of small open economies
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operating in the shadow of the ECB and the ESM. To this end, we attempt to identify
the effects of the unconventional monetary policy and debt rescheduling on the
currency, stock and bond markets. This analysis could be motivated by the possible
continuation of QE, to test a now available 12-year-long, quarterly dataset (from 2007
Q1 to 2019 Q1), so that it can be used to answer some of the ‘puzzles’ raised in the
literature. Monetary policy should focus on the domestic economy, therefore the general
aspects of the QE will be introduced in the first theoretical subsection, and then we will
continue with its market- and foreign impacts later on. As shown in the literature
review, the effects of the ECB’s quantitative easing outside the euro area have been
inadequately examined, given its direct and indirect impacts on capital markets. For this
reason, the examined sample covers the ECB and central banks of small open
economies outside the Eurozone that used unconventional instruments during the period
under review, such as the Czech Republic, Denmark, Hungary, Poland, Sweden, and
Switzerland.® The composition of the sample is motivated by their relative smallness
(compared to the Eurozone) while their financial sector is mainly tied to the continent,
and they are enjoying the benefits of the free movement of the capital.

This study is structured as follows: the second section summarises the theoretical
background of the international spillover effects generated by unconventional monetary
policy decisions, introduces QE programs briefly and the methods of international debt
restructuring through the sample countries, and contains the theoretical models which
will be the subject of further analysis. The third section presents the examined dataset
and the summary of conditional volatility models and random effect panel regressions,
while the fourth contains the results of the model testing. The final section summarises
the main purpose and the conclusions of our study.

1. Theoretical background

Suppose that volatility can be interpreted as a sign of uncertain asset valuation, this
section summarises the main theoretical approaches of the unconventional monetary
policy and its spillovers into capital markets, and also contains a short note on
international debt restructuring. After our variables were introduced and justified by the
cited literature, the theoretical model was presented, along with the a priori expected
signs.

Unconventional monetary policy (UMP) and quantitative easing (QE)

The position adopted in the years preceding the crisis was that short-term interest rate
formation (primarily through open market operations) should be a primary tool for
monetary policy, which had sufficient influence long-term interest rates (Blanchard et
al., 2015, Tarafas, 2016). Nominally, short-term interest rates (1Y;) should respond to
inflation, while long-term rates (10Y;) respond to output and fiscal outlook of the
member states in the Eurozone, as investors are selling short-term treasury bills and re-
investing the proceeds in long-term ones (Hamori and Hamori, 2010; Ellison and
Tischbirek, 2014). The steepness of the yield curve (1) provides information not only
about macro-expectations but about the liquidity as well:

% The United Kingdom was excluded from the sample because its size, heavily globalised
financial markets and policy actions—during the analysed period—would have biased the results.
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10Y, — 1Y, > 0 @)
Interest rate policy exerts an indirect effect on foreign exchange (fx) rates through the
exchange rate channel of the monetary transmission mechanism, which is of particular
importance for small, open economies due to tradable goods prices and balance sheet
currency mismatches (Frankel, 2011; Felcser et al., 2015). However, capital flows are
the subject of investors’ risk appetite as Fratzscher (2012), and Kiss and Szilagyi (2014)
pointed on the increased demand for safe-haven currencies after the outbreak of the sub-
prime crisis: capital had typically moved toward to safer investments, which had
resulted in frequent “sudden stops” in the financing of emerging market economies
(Habib and Stracca, 2012, Ranaldo and Séderlind, 2010).

Central banks introduced unconventional monetary instruments on their own to achieve
their objectives, in the wake of financial market turmoil or a crisis (Gertler and Karadi,
2011; Kreko et al., 2012; Thornton, 2014). Having pursued the zero interest rate policy,
which was used to alleviate the liquidity crisis, there was no possibility of further easing
using conventional instruments. So central banks turned to forward guidance to affect
expectations, and other unconventional measures with structural impact on their balance
sheets like qualitative and quantitative easing (Bernanke and Reinhart, 2004; Joyce et
al., 2012). Through forward guidance, monetary decision-makers tried to bring the
expectations of market participants closer to the goals and expectations of the central
bank, based on its credibility. Quantitative easing increases the central bank’s balance
sheet (CBBS) in time t, aimed at the liability side while leaving the asset side
structurally unaffected, with the composition of fx reserve (FX), domestic lending (L),
domestic securities (S) and other assets (x) unchanged (2). This is the expansion of the
monetary base to stimulate aggregate demand (lto, 2014).

CBBS: ., FXt __ St Lt (2)

CBBS = FX + S + L + k, where = = =
CBBSt—1  FXt-1  St-1  Lg-1

In contrast, the qualitative easing aims to adjust the structure of the asset side of the
balance sheet (3), but it does not always entail a change in the size of the balance sheet
(Borio and Disyatat, 2010; Kreko et al., 2012).

CBBS . FX s, L (3)
L = while —%- =t £
CBBSt—1 FXt-1  St-1  Lg-1

Together, all these approaches are referred to as Quantitative Easing (QE), a policy
adopted by the leading central banks (Fed, BoJ, BoE, ECB), with large-scale asset
(mainly treasury bonds and mortgage-based securities) purchase programs,
complemented by their various long-term credit market* interventions (lending with
longer maturities and accepting riskier collaterals). This combination of the “lender of
last resort” and “market maker of last resort” functions aimed the reduction of long-term
yields to restore monetary transmission mechanism (Eser and Schwaab, 2016), with an
indirect influence on fx rates and funding conditions (Wang et al., 2015; Pal, 2018;

* Hery4n and Tzeremes (2017) stated that the expanded lending affected the larger and more
liquid banks in the Eurozone.
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Farmer, 2013). This is interpreted in our study as the structural changes among the main
asset components (4).

L¢+St Le_1+St—1 (4)
FXt FXt—1

QE reduces the long-term interest rates, improves creditworthiness, and enhances the
reserve accounts of central banks. In many cases, these programs initiated a structural
change in some earlier foreign currency reserve oriented balance sheets through the
purchase of securities and wider lending activities (Bernanke, 2012; Czeczeli, 2017),
which had broader spillover effects (Pal, 2018). This was true for Europe as a whole,
where were remarkable differences in the timing and in the level of commitment
towards the different QE instruments, based on the differences in fundamentals and
market sentiment in each sample economy (Table 1).

Table 1. The application of unconventional instruments (2007-2018)°

instrument\central bank MNB NBP CNB SNB DN SR ECB
asset purchase programs °

forward guidance ) ° ° ° ° °
negative interests ° ° ° °
quantity limits on refinancing ) ° ° °

FX swap ° ) ) ° ° °
interest swap °

targeted lending ° °
FX ceiling ) °

asymmetric interest channel ) ° °
FX flooring or pegging x x v v v x x

Source: authors’ computation, based on the CBs’ press releases after monetary council meetings

There were common instruments like the policy of forward guidance or FX swaps,
while asset purchase programs were mostly introduced in the case of the ECB, SR, and
later by the MNB. The last line shows which central bank applied direct exchange rate
regulations during the period under review. As for the direct flooring of exchange rates,
Denmark follows a fixed exchange rate regime (a tight peg since the 1990s), while
Switzerland adopted an upper ceiling between 2012 and 2015, and Czechia maintained

5 Notes: list of abbreviations;

MNB: Magyar Nemzeti Bank (Hungarian National Bank)
NBP: Narodowy Bank Polski (Polish National Bank)
CNB: Ceska Narodni Banka (Czech National Bank)
SNB: Swiss National Bank

DN: Danmarks Nationalbank (Danish National Bank)
SR: Sveriges Rikshank (Swedish National Bank)

ECB: European Central Bank
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a similar regime between 2013 and 2017. But what happened when unconventional
monetary policy did not only restore the transmission mechanism but unwantedly
impacted other markets as well?

QE influence on capital markets

This section summarises the recent literature on the direct and indirect impacts of the
unconventional monetary policy, with domestic and foreign effects. Liquid bond
markets contribute to improving the efficiency of monetary transfers, and a sufficiently
liquid and developed bond market could improve financial stability and mitigate the
effects of a potential economic crisis. On the other hand, QE is not for everyone: it
requires a deep and liquid bond market and securitisation in general in the banking
sector, with a highly developed reporting culture, which needs further development in
the Eastern member states (Lippai-Makra et al.,, 2019, Sagi—Lentner 2019).
Overshooting the QE in a small and open economy can possibly expose them further to
dependency on international capital flows.

Further QE works basically through 3 layers: it has an impact on the economy through
the portfolio restructuring effect, from a fiscal impact, and its impact on the
expectations of market participants (Woodford, 2012; Maggio et al., 2016). The strength
of these effects is related to the size of the QE programs and the maturity structure of
the purchased securities, through the exploitation of market imperfections — which fact
supports a more detailed examination in a later research of the composition of central
bank securities (Bernanke et al., 2004; Woodford, 2012).

Starting with the Bank of Japan and the Federal Reserve, Wang et al. (2015) studied the
central banks’ QE effectiveness via the tail risks of stock markets in the U.S., Japan and
other 74 countries, using value at risk (VaR) methods, adopting the extreme value
theory. Besides, they revealed the announcement-day effect on the American and
Japanese stock markets, and they proved that QE policies have aggravated the tail
characteristics of the stock return distributions. Moreover, they showed that the risk of
stock returns is influenced differently by these new measures and that both monetary
easing programs had a similar effect on the tail characteristics of return distributions.
About the responses of stock markets to the Fed’s unconventional actions, Eksi and Tas
(2017) demonstrated that at ZLB, the response of stock returns to monetary policy
operations is almost 7 times higher than at bigger Federal funds rates. They showed that
investors rebalanced their portfolios towards equity after selling longer-term assets to
the Fed during the large scale asset purchase programs (LSAPS), which increased the
demand for stocks and raised stock prices.

About the spillover effects of QE implemented by the ECB, Kenourgios et al. (2019)
found significant differences in the correlation between bonds or stock market indices
and currency forwards across the period of the SMP, OMT, CBPP3 and PSPP
programs, in accordance with the results of Kryzanowski et al. (2017) and Steeley
(2017). Their research proved too that unconventional instruments had an impact on the
correlations between financial assets through the portfolio rebalancing channel, as other
earlier studies have shown (Falagiarda et al., 2015; Varghese and Zhang, 2018;
Albertazzi et al., 2018). They also showed that, although the correlations between stock
index and currency forwards have been influenced to a higher extent in the case of
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emerging markets, the developed markets have been affected more than the emerging
markets. In an earlier study, Kholodilin et al. (2009) examined the impact of the ECB’s
unconventional policies on the European stock market, using the heteroscedasticity
based approach of Rigobon (2003) and an event study approach. Their result showed
that in the Eurozone, the ECB’s monetary policy had a heterogencous effect on the
sectoral stock market indexes. Regarding the recent unconventional monetary policy of
the ECB, Eser and Schwaab (2016) examined the Securities Market Programme (SMP)
generated impacts on yields, for a sample of 5 sovereign bond markets in the Eurozone.
Using panel data regression, their findings proved that asset purchases raised the level
of liquidity and lowered default-risk premium. They also verified the “announcement
effect”, which resulted in lower bond yield volatility on intervention days. But despite
these beneficial effects, some European bond yields began to rise again after the initial
announcements and after expanding the program to other countries. However, following
the spread of the sovereign debt crisis, the ECB subsequently introduced other similar
programs.

There are some recent studies that further scan the effects of the ECB’s monetary policy
within the Eurozone. Fausch and Sigonius (2018) investigated the impact of this on
German excess stock returns, using an event study and VAR models, where they
demonstrated empirically that UMP has a significant impact on stock markets. The main
outcome of their work was that the overall German stock return volatility mainly
expressed the expectation-revisions about future dividends, since the applied interest
rate regime determines the stock market response to monetary policy shocks. Haitsma et
al. (2016) also conducted an event study to examine stock market responses to the
ECB’s policy during 1999-2015. Their results confirmed the spillover effect of both
conventional and unconventional monetary policies and highlighted the stronger impact
of the latter measures on the European stock market. They discovered, inter alia, that the
impact of ECB policy changes on the portfolios, constructed on the basis of momentum,
is time-variant and differs across the crisis and non-crisis periods. Jager and Grigoriadis
(2017) examined the effectiveness of the ECB’s unconventional monetary policy
through a comparative analysis between crisis and non-crisis for a sample of 11 Euro-
area countries. By calculating pooled OLS estimations for the period from 2007 to
2013, they manifested a significantly negative, reducing effect on the sovereign bond
yield spreads for the Eurozone countries. Their other important finding was that the
various QE programs and other unconventional instruments had different impacts on
crisis and non-crisis countries.

All these findings raise questions about the sustainability of stock (and general asset)
market performance: was it the product of the improved expectations about future cash-
generation capabilities, or was it due to the liquidity inflows driven by the portfolio-
rebalancing effect?

Cross market spillovers

The purchase of securities and assets by central banks would not normally be
considered an unconventional intervention, but because these have an impact on the size
and the structure of the central bank balance sheet, they qualify to be termed as such.
QE also affects financial markets and thus generates global effects beyond the country
concerned. As a result, a central bank should not only bear in mind targeted inflation
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and the output, but also the potential spillover effects on financial markets and
commodity prices. This section summarises the domestic and international cross-market
spillover effects of UMP and QE, to extend the well-known uncovered interest parity
(10Y;, — 10Ypg ) with additional variables that also may guide asset pricing.

Central bank balance sheet expansion under QE helps to increase the prices of high-
quality assets by stabilising their demand (Shirai, 2014). The indirect effects of UMP
have been one of the most interesting topics of recent research, in which, in addition to
the similarities, there were significant differences depending on the means the central
banks applied and the effects on the examined economies. However, only a few papers
examined the capital market effects of the UMP outside the euro area. Kucharc¢ukova et
al. (2016) applied VAR model and factor analysis to compare the macroeconomic
effects of the two monetary policy regimes on the Eurozone, but also examined its
spillover effects on six non-Eurozone EU countries. Their results showed that exchange
rates outside the euro area responded faster to unconventional policies, and the
responses in many countries turned in the opposite direction, rather than following
conventional monetary instruments. In a sample of Central, Eastern, and Southeastern
European economies (CESEE®), Ciarlone and Colabella (2018) examined the impact of
ECB’s Asset Purchase Program (APP) on the financial markets. Their results proved
that these measures appreciated the currencies against the EUR and increased the value
of the domestic stock market indices in the short term. Moreover, they found that these
instruments had a positive impact on mutual fund investment flows, while their long-
term sovereign yields decreased modestly. They also showed that the outright purchase
of financial assets supported cross-border capital flows and that these instruments
reduced both policy and long-term interest rates to levels well below those predicted.
One of the main explanations for the differences is that countries were affected
differently by the crisis, and their recovery was varying too—depending on the financial
institution development, economic opportunities, and other indicators. Differences in
the size of the economies determined the differences in the balance sheet and the level
of monetary autonomy as well, limiting the degree of freedom to pursue the domestic
needs and the feedback on capital flows and fx rate changes. Since our sample contains
the Eurozone, which can be considered as a big and slightly open economy, and the
remaining six countries can be viewed as small and open economies, potential spillover
effects can be captured through the differences between balance sheet sizes (5). This
variable adds possible asymmetries to our model, providing a gravity-like interpretation.
CBBS * Cy . » CBBS; * C; ®)

ECB,t 1,t it it
For example, Gagnon et al. (2017) looked for the domestic and cross-border direct and
spillover effects of Fed’s UMP and FX policies and they found that foreign asset
purchases have a significant impact on current accounts—which was reduced as capital
mobility was rising and then spilled over into financially integrated countries.
Meanwhile, domestic asset purchases have an impact on current accounts too, but only
when capital mobility is weak. The spillover effects of unconventional instruments are
stronger under greater capital mobility and deeper financial markets, and these effects

6 Non-Eurozone: Bulgaria, Croatia, Czech Republic, Hungary, Poland, Romania and potential EU
candidates, like: Albania, Bosnia-Herzegovina, the FYR of Macedonia, Montenegro and Serbia
(Ciarlone and Colabella 2018)
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are often more articulated in foreign bond yields rather than in fx rates (Gagnon et al.,
. . . PF; (—UpF;
2017). This study uses the standardised flow of portfolio investments (%) to
PF;

capture the changes in the investors” sentiment, following Frankel (2011).

Fratzscher et al. (2016) examined the impact generated by the unconventional monetary
policy of the ECB, using panel models. Their main findings were that these actions
mainly affected financial markets in the Eurozone, where they had an advantageous
impact on asset prices. Still, they also had a positive spillover into international markets
by reducing market fragmentation in bond markets. Overall, their study confirmed that
there were beneficial impacts on global financial markets in the short term, thanks to the
unconventional ECB policies, which later lifted global asset prices and decreased the
global price of risk.

Monetary policy—currency market interactions were studied largely with a focus on
direct and indirect interventions, where exchange rate volatility was considered as a
side-effect of the interest rate differentials: exchange market pressure (Stavarek, 2010)
which considers FX, M2, fx and interest premium volatilities, while Gabrisch (2017)
identified monetary autonomy limitations on a similar set of countries during his study
about interest rate and exchange rate co-movements. Tamakoshi and Hamori (2014)
pointed to the asymmetric behaviour of correlations, as they were higher during joint
appreciation periods of the US dollar (USD), the euro (EUR), and the Swiss franc
(CHF). Meanwhile, Aizenman et al. (2016) suggested that exchange rate stability
depends on current account balance, gross national debt, foreign trade, or financial
development. The excessive appreciation of the CHF and CZK was limited through the
implementation of temporary exchange rate floors around the middle of the decade to
prevent deflation (Britha and Tonner, 2018), while Denmark followed a narrow-pegged
arrangement. Ours was a balanced sample with three fixed-type and three non-fixed
currencies, where the lack of floating was represented with the (d FX regime;,)
dummy variable.

Moreover, the spillover effects of central bank measures not only affect exchange rates
but also affect stock prices through a variety of other channels which, through their
impact on the real economy, may require new monetary policy measures and may even
be counter-productive (Jammazi et al., 2017). An example of this is that the expected
decline in the stock prices may indicate weaker performance in the real sector, which
may lead to a reduction in the key interest rate (Jammazi et al., 2017). The relationship
between fx and stock market prices can be examined in terms of the “international
trading effect”, according to which the development of fx rates has a different effect on
the competitiveness of export and import oriented companies, which influences their
performance and value, and through this effect also influences the movement of stock
prices (Aggarwal, 1981; Csiki and Kiss, 2018). From another perspective, through the
“portfolio balance effect”, stock prices influence the development of fx rates through
the effects on yield premia (Goldstein et al., 2018). This has been studied by several
researchers, regarding the effects of QE, with different results for central banks.
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2.4 International debt restructuring

In the case of smaller and fundamentally weaker countries, which were more affected
by the crisis, the success of the crisis management has in many cases been significantly
contributed by the grants and loans received from international organisations or the EU.
In our sample, the International Monetary Fund (IMF) and the European Stability
Mechanism (ESM) were the main players providing targeted credit agreements for the
European small open economies.

There were different waves of debt restructuring programs in the Eurozone, supporting
sovereign debt reorganisation and bank recapitalisation after 2008. The IMF funds itself
from loans provided by its sovereign members and conducts lending mainly with a
maximum duration of ten years since 1946, while the recently established ESM raises
capital from bond-issuance with member state guarantees and provides a 50-year
repayment period for its loans (Kiss et al., 2019). The consolidation period started in
2010 with a bilateral loan and an IMF package to Greece, which was continued through
2012 until 2015, when the ESM debuted and the country was able to return to market
financing in 2018. Cyprus was funded by the IMF and later by the ESM after 2012 for
similar reasons as Spain in 2012 or Ireland after 2010: to finance the burden of banking
recapitalisation and to finance the budget deficit. These programs contributed to
decreasing the yield premia of the countries on the Eurozone periphery and dispersed
the term-structure of the sovereign debt (Pelle and Végh, 2019). All these programs can
be considered as exogenous shocks for the sample economies and will be represented by
dummy variables (d ESM; . and d IMF; ;).

2.5 Theoretical Model

Asset pricing is based on expectations about fundamentals, while pricing-bubbles may
seriously destabilise a market to the point where monetary policy will be constrained by
the ZLB (Robinson and Stone, 2006). Monetary policy and funding conditions tend to
guide pricing sentiments both on bond, stock and currency markets, represented by the
volatility of their main indicators. Since bond markets can be represented well by their
yield premiums, as the divergence-theory suggests, both yield volatility and yield
premium will be analysed. Ongoing international debt restructuring programs in the
Eurozone and fx ceilings can improve market certainty about asset pricing, so our model
is initiated with these dummy variables (6a). The research design is based on four
variable groups: (6b) capital flow (with interest rate premium and portfolio
investments), (6¢c) QE (loans and securities to fx reserves ratio and balance sheet
growth), (6d) spillover (yield curve steepness in the Eurozone, differences between
central bank balance sheet sizes) and (6e) macro-conditions (deviation from targeted
inflation, output gap). These groups are tested alone and together (6 a-e) to evaluate
their importance.

Our theoretical model takes spillover effects into account when determining the
variables which are responsible for market concerns about the accuracy of pricing,
represented by conditional volatility. They can be the result of the activities of
international financial institutions (like the ESM or the IMF), or they can be the result of
“agglomeration effects”, since all sample central banks are operating in the shadow of
the ECB, which reduces their autonomy. That is the reason for the inclusion of lending-
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related dummies for all the quarters when the ESM or the IMF provided loans to any of
the Eurozone member states. Meanwhile, since the ECB’s security market and asset
purchase programs targeted the yield curve steepness and inflated its balance sheet,
these variables follow a gravity-like representation.

6a
Aoq;, = const.+p,d ESM; . + B,d IMF;; + f3d FX regime; . (62)
o (6b)
B, A(10%, = 10¥,.) + st (“0E00)
PF;
+Bsh (ﬂ + B, (BS” )
BeB\ =5 " By B0
(6d)
+fs A(10YEZ,t - 1YEZ,t) + 39Aln(355c3,t *Cyp — BS;p * Ci,t)
. (6e)
+B10A(1 — 77) + Br1A(0pgie) + 4
where
OM,ti42p f OT P long term bond premium, where P;; = 10Y;, — 10,
0qi¢ OM, 1425/ OT S; ¢ stock market indices

OM,ri42c f OT Cip currencies in XAU

The a priori expected signs for the model are as follows:

The ESM and IMF funding-related dummies should calm markets, as they are the
indicators of ongoing consolidation from international, non-market funds, so the g;and
B, coefficients can have a negative value. The maintenance of exchange rate flooring or
pegging is a direct indicator of exchange rate smoothing (and marks the possibility that
the currency is considered a safe haven); however, flooring allows downward volatility
as well. Regime changes must be included in the model, but the anticipated value of the
S5 the coefficient can hardly be considered as negative.

The risk premium represents an indirect incentive to motivate capital inflow, which can
stabilize the market (8, < 0) demand as long as asset purchase programs and excessive
market sentiment changes are not frittering away its power. The standardised flow of
portfolio investments represents the appetite of foreign investors, where their inflow
stabilises the demand in the bond and stock markets (85<0), but it can lead to excessive
appreciation in the currency markets (85 > 0).

QE, with the structural increase of the lending and securities to fx reserve ratio, can be
considered as a key factor to calm bond markets through asset purchases (8,<0), which
is extended to the stock markets through the portfolio-rebalancing effect. However, it is
also possible that it increases currency volatility as it can be considered as an additional
easing (S > 0). The growth rate of a central bank’s balance sheet (base: 2007 Q1) is
another indicator of QE, with a similar calming impact on the bond and stock markets
(B,<0) as well as the currency markets (5, > 0).

One indicator of the spillover effects of the ECB’s QE was the steepness of the yield
curve in the Eurozone, where a positive value can be the sign of nominal operations
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(Bg<0). The relative size of the central bank balance sheet (denominated in XAU)
represented the asymmetry among the sample central banks and the ECB, indicating
that smaller central banks can more easily become the subject of higher volatility

(By > 0).

To represent the macroeconomic conditions of the underlying economies, the deviation
from targeted inflation (m;, — m;) was added since the entire sample follows a price
stability objective. Since the sample period can be characterised by deflation, the
appearance of any inflation can be considered as a sign of economic normalisation
(B10 < 0). An output gap (HP filtered from | industrial production index: opg;; =
HP(I) ;=100 — HP(I)1=1600) represents the case of economic recovery from the state of
recession (81 < 0).

2. Data and methods

This section first presents the sources and the developments in the analysed dataset.
Then it summarises the methodological backgrounds of the applied conditional
volatility models and random effect panel regression. The aim of this paper is to
investigate the background of volatility changes in stock, bond, and currency markets,
which can be estimated via GARCH models.

Data

Data (Table 2.) was collected mainly from central bank databases, Eurostat and
stoog.com, covering the period from 2007 Q1 to 2019 Q1. All FX data used gold
(XAU) as the denominator to avoid the interactions with the US Fed’s monetary policy
as creating a possible bias under USD denomination. Balance sheet data was
denominated in XAU from the same consideration, too.

Table 2 Data sources

Variable (2007Q1-2019Q1) Source

FX rates (denominated in XAU) stoog.com
Interest rate: 10-year sovereign yield (10Y) + premia  stoog.com
Output gap (industrial production index, HP filter) OECD, Eurostat

Portfolio investments central banks, Eurostat

Deviation from inflation target central banks, Eurostat

CBBS: Balance Sheet size (in XAU) central banks (Balance sheet data)
LSFX = (L+S)/FX reserve ratio central banks (Balance sheet data)
FX regime dummy central banks (Annual reports)
ESM dummy / IMF dummy ESM / IMF

Stock indices stoog.com

Yield curves Eurostat, ECB database

Source: Authors’ edition

The standard deviations of interest rates and interest premiums were calculated against
German 10Y government bond yields because the 10Y maturity is less affected by
liquidity turbulences or monetary policy decisions. Following Demir (2014), due to data
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availability and flexibility, the output gap was calculated from the industrial production
index against its HP filtered values. First differences were used for all variables, and
they were tested against unit root by the Im, Pesaran and Shin (2003) test, as the results
in Table 3 present. The balance of portfolio investments and the deviation from inflation
target are important macro-variables, especially in the case of small open economies,
wherein changes can have a significant impact on currency markets and asset prices, for
example, through the “flight-to-safety” phenomenon.

Unconventional monetary policy was captured by incorporating balance sheet variables
(CBBS, LSFX) into our models. Central bank balance sheets presented a continuous but
country-specific growth in the sample, wherein value can be affected by lending
expansion, security accumulation programs, and FX reserve changes due to UMP
interventions. The balance sheet of the ECB showed a notable rise after the introduction
of its QE program, while the Swiss and Czech national banks fought against excessive
appreciation. However, structural changes in the balance sheet brought about by UMP
are indicated by the LSFX ratio, because securities and lending had mixed importance
in the sample, compared to the fx reserves. ECB, CNB, DN and SR presented an
expansionist subset, while MNB, PNB and SNB showed a more conservative and FX-
reserve oriented case. The balance sheets of the ECB and the central banks of Denmark
and Switzerland were less FX reserve oriented, but the first two were later pressurised
by their inflating reserves. Meanwhile, the ECB continued to expand their lending and
securities programs, followed later by the Sveriges Riksbank and the Hungarian
National Bank. The Polish and Czech national banks presented some outbreaks in the
early period of the subprime crisis.

To quantify the volatility changes in capital markets, standard deviations of stock
market indices and the volatility of yields and yield premiums, and the indicators about
the slope of the yield curve were added to our database. Two dummy variables were
introduced in our calculations to enable measurement of the effects generated by the
targeted grants and loans received from the IMF and the ESM, and a third dummy
variable to represent the direct fx interventions (FX flooring, fixed FX regime) in our
sample.

3.2 Methods

Two econometric approaches were applied in our paper: conditional volatility was
estimated via GJIR-GARCH(p,0,q) model to provide one of the input variables, while
the theoretical model was tested with the Fixed effect (FE) panel model. This subsection
presents the theoretical characteristics for these approaches.

Conditional volatility models are able to capture the time-variant nature of exchange
rate volatility, presenting also the changes in market sentiment and uncertainties about
pricing. These can be estimated by GARCH(p,q) models, especially using one of its
asymmetric derivatives for currencies, like the GIR-GARCH(p,0,q) model (7):

{St_—i = 1, lf Er—i <0
St_—i = 0, lf gt—l 2 0

U]

2 P 2 (] - 2 q 2
Of =w+ X Qg + X1 ViSi—q &f— + Xy BiOi—;
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wherea; >0(=1,...,p),y; +a; >0 =1,..,0),5 =0({=1,..,q),a; +
05y;+ B <1(i=1,..,p,j=1,..,0,k =1,...,q) (Greene 2003). This paper used
monthly data to fit the GIR-GARCH(1,1,1) models and calculated quarterly means on
them to overcome the problem whereby quarterly data had remarkably poor variance
persistence due to low frequency.

The research was carried out with the fixed effect (FE) panel model, using the Eviews
11 software. The main reason for the application of this methodology was that it fit the
scope of our research topic perfectly, and there are several examples in the previous
literature of studying the effects of unconventional monetary policy through different
panel regressions. For example, Fassas and Papadamou (2018) analysed the role of
unconventional monetary policy announcements in risk aversion by using panel data
analysis to investigate the risk-taking channel of monetary policy for the major
European and U.S. equity markets, and their findings proved that easing monetary
policies can significantly lower the variance premium. Hofmann and Takats (2015)
applied fixed-effects panel regression in their study and found that U.S. short- and long-
term interest rates had a significant impact on the corresponding rates in other countries
and that these spillover effects reflect in part policy spillovers. As previously
mentioned, Eser and Schwaab (2016) inter alia evaluated the yield impact of ECB’s
securities market programme by fixed effect panel regressions and found that these asset
purchases reduced liquidity risk premia through making a significant contribution to
ending the sovereign crisis.

Panel regression (Greene, 2003) can be used in respect of databases in which the
attributes of several units as cross-sections (in this case markets and central banks, N)
and several periods (T) can be collected, while the specific attributes of the individual
that are constant over time need not be observable, because constant factors are dropped
from the estimated equation. In cases where a x; explanatory variable correlates with the
non-observed u;, the application of the fixed-effect model (FE) will be required, as the
variables are different, but the time-invariant (8):

, 8
Yie =0 +u; +BXi, + &, ®
According to the null hypothesis of the Hausman test, there is no correlation between
the u; and x; variables, which means we prefer the FE model for p<0.05 cases.
Otherwise, we have to apply the random effect model (RE), which assumes no
correlation, as all variables are time-variant and different from each other (9):

, 9
Yie =+ BXi + (u; + &) ©)
Panel regressions require stationary input, which was tested with the Im, Pesaran, and
Shin (2003) tests (p<0.05).

The interference between the standard deviation of the yield premium and the change of
interest premium could have raised the problem of endogeneity, where the change of
interest premium can correlate with the error term under (6a-b) and (6a-e) setups.
However, the correlation between the change of interest premium and vy g, Was -
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0.0197 and was -0.0069 with v ¢,_, as well, so that the occurrence of endogeneity
was rejected.

3. Results

The occurrence of the unit root was rejected first via the Im, Pesaran and Shin (2003)
panel unit root test since all the individual ADF tests and IPS statistics rejected the null
hypothesis of the unit root.

Table 3 Panel unit root test

Statistic P-value Interpretation
t_bar -15.7460 mean of individual ADF statistics
W_bar -57.2428 0.0000 standardized IPS statistic
Z_bar -58.2350 0.0000 standardized IPS statistic based on the moments of
the DF distribution
t_bar_DF -16.9318 mean of individual DF statistics
Z_bar_DF -63.0931 0.0000 assumption of no autocorrelation of residuals
d std 10y- -17.1952 0.0100 individual ADF test
premium
d std 10y -13.7766 0.0100

d std currency -17.5165 0.0100
d std stock -16.3377 0.0100
index

d interest -13.7169 0.0100
premium

d YC-slopeness  -14.1271 0.0100
d PF (z-score) -27.4914 0.0100

d CBBS -16.0756 0.0100
d LSFX -22.2119 0.0100
dinflation gap  -12.3048 0.0100
d output gap -7.1278 0.0100
d Insize -11.0702 0.0100

Source: Authorial computation

Focusing on the sample of non-Eurozone open and small economies in the halo of the
ECB, the detailed results of the individual and aggregated panel regression models are
available in the Appendix, while the compressed version with the number of significant
variables and their signs is presented in Table 4. There are four individual regression
models to validate the importance of each variable group (6a-b,a-c,a-d,a-e), and an
aggregated model (6a-e). While the dummy variables have a five-time occurrence in all
possible setups, the others have two: one individual and one aggregate.

Only the introduction of ESM measurements had a significant, calming impact on
volatility for the currency and bond markets, while IMF lending had no significant
impact on market volatility. These results can be explained by the difference in the
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magnitude of the ESM funds and their longer maturities. The implementation of
currency floating boundaries had no significant impact on any of the markets.

Focusing on the capital flow variable-group, setting the interest premium had a calming
impact on the currencies but caused distortions for bond premiums — first result fits to
the uncovered interest rate parity requirements, and the second has a direct impact on
the premium, so it fits intuition. Meanwhile, portfolio investment flows had no
contribution to the market volatility neither at individual nor at aggregated levels.

The QE can be captured through the structural changes of the central bank assets
(measured by the LSFX ratio) and the expansion of the balance sheet size (CBBS).
More active lending and security accumulations generated volatility on the currency
markets, while the general expansion of the balance sheet increased stock market
volatility. It means that the more intense usage of the portfolio rebalancing channel can
increase markets’ uncertainties about equity and currency valuation. Moreover, both
accommodative interest premium cuts and broader QE will promote higher volatility.

Higher yield-curve steepness increases volatility as well with similar magnitude as QE
variables. Therefore if the central bank is not able to act against the increasing
steepness, the volatility of currencies and bonds will increase — but a counteractive
security purchase or lending programme can compensate this effect for currencies only.
The relative size of central bank balance sheets mattered in the stock and bond markets:
smallness means higher pricing uncertainty in this case. Only the deviation from the
targeted inflation had a significant and calming impact on volatility in currency and
bond markets, as a sign of normalisation of the macroeconomic environment.

Table 4 Table summarising the changes in dependent variable volatility

stock market currency yield premium
sign. . . . . .
ca%es sign sign. cases  sign  sign.cases  sign
d dependent variable(t-1) 5
constant 5 n
dummy ESM 5 2
dummy IMF
dummy FX-regime
d interest premium 2 et 2 S
d PF (z-score)
d LSFX 2 v
d CBBS 2 "4
d YC-steepness 2 M 1 S
dInsize 1 M+ 1 U
d inflation-gap 2 2
d output-gap 1
Durbin-Watson stat ~2 100% 100% 100%
Notes: “sign. cases”: the number of significant cases for the specific variable, “sign”: “+”

denotes coefficient >0 cases, “-” denotes coefficient <0 cases
Source: Authorial computation

186



Our research outcomes show that market uncertainties about asset pricing were mainly
calmed by the ESM lending even outside the targeted area, whereas the monetary policy
had an opposite impact. The impact of the portfolio rebalancing effect was clear since
both the structural changes on the asset side and the expansion of the balance sheet size
increased uncertainty as well as volatility. Portfolio investment flows had no significant
impact on this, which deviates from the emerging small and open economy model of
Frankel (2011). At the same time, discretionary fx ceilings had no cross-country impacts
at all. Meanwhile, the asymmetric effects among the sample countries and the Eurozone
mattered a lot, punishing the smaller economies, meaning that size actually matters, and
staying out of the Eurozone takes its tolls in the form of extra volatility. Whilst currency
valuation was the most affected and bond market volatilities were seemingly influenced,
stock market volatility was mostly robust on these variables.

4. Conclusion

Investigating the spillover effects of unconventional monetary policy is still a popular
topic of contemporary economic literature. Originally, QE was designed as a set of
temporary measures, but later it became the “new normal”. In our study, we have
examined the extensive impact on the stock, bond and currency markets of the unusual
instruments of monetary policy using a narrowed example of European non-Eurozone
central banks and the European Central Bank. Our research was motivated mainly by
the observation that the next crisis is approaching, since Europe is currently at the end
of a long business cycle. Meanwhile, most of the European central banks have been
following “adaptable mild” monetary policies in the shadow of the accommodative
ECB. In turn, the expected upcoming changes can be accompanied by internal and
external shocks on the continent, which challenges may call for further monetary
engagement. Another important fact is that QE programs are being maintained in some
countries nowadays, even though it is proved that these actions have unwanted long-
term and widespread impact. The analysis of capital market effects is also supported by
the fact that a liquid and developed stock and bond market can contribute to the
strengthening of financial stability, as risks pertaining to a single company are not
concentrated in the financing banks alone but are also distributed among other investors
in the bond market. However, our findings were underlying the fact that QE was a
source of volatility to some extent.

The main question of our research was to find out whether the ECB’s QE programs and
unconventional instruments have had an influence on capital markets. Some of the
previous research has investigated this issue, but very few studies have examined the
case of non-Eurozone countries. To answer this, our paper proposed estimating
conditional volatility models and random effect panel regression models to measure
which of the variables in the theoretical models had a significant impact on capital
markets. Our modelling approach is based on the assumption that both monetary policy
and financing conditions tend to steer pricing sentiment in both bond, stock and
currency markets, which effect is represented by the conditional volatility. This
volatility can be dampened by spillovers caused by international debt restructuring
programs and direct fx regulations while improving market certainty, so we started our
model by incorporating these dummy variables. Within the scope of our research, we
used four additional groups of variables that capture the influence of interest premium,
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QE, spreads, and macro-conditions in our theoretical models. These groups were tested
separately and in aggregate to assess their importance for the market’s concerns about
the accuracy of pricing. In most of the cases, individual models had the same results as
our general theoretical model.

Overall, our results have proved that the volatility in stock, bond and currency markets
was significantly influenced in the short term by the application of unconventional
monetary policy instruments introduced by the central banks over the past decade, such
as liquidity-providing credit programs and asset purchases. However, the main findings
of our study suggest that the market insecurity about asset prices was primarily
mitigated by the assistance of the ESM over the period under review, while monetary
policy involved several, sometimes indirect, methods to raise uncertainty and volatility
in the capital markets. Meanwhile, the asymmetric effects between the sample countries
and the euro area mattered a great deal in terms of creating disadvantages for smaller
economies.

Further research in the near future answering several possible questions may be
interesting; for example, it would be enlightening to examine how the composition of
the stock of securities purchased by central banks changed during the last decade and
whether it had more spillover effects. Another interesting question may be whether the
assistance from other international organisations has had similar positive effects on
other economies, as for the ones we have examined.
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Appendix: Detailed results

Model specification atb atc a+d ate entire
coeff p coeff p coeff p coeff p coeff p

d_std_SM(-1) 0.0443 | 0.4288 0.0472 | 0.4063 0.0344 | 0.5402 0.0266 | 0.6403 0.0304 | 0.5980
const 0.0018 | 0.1470 0.0012 [ 0.3414 0.0013 | 0.3182 0.0015 | 0.2320 -0.0015 | 0.7333
dummy_ESM -0.0023 | 0.1861 -0.0021 | 0.2200 -0.0023 | 0.1747 -0.0021 [ 0.2379 -0.0025 | 0.1493
dummy_IMF -0.0033 | 0.1459 -0.0026 | 0.2500 -0.0034 | 0.1308 -0.0032 | 0.1574 -0.0023 | 0.3050
dummy_FX regime | 0.0002 | 0.9339 -0.0002 | 0.9255 0.0008 | 0.7009 0.0003 | 0.8916 -0.0005 | 0.8685
d_interest_prem 0.0003 | 0.8447 0.0007 | 0.6768
d_PF_zscore 0.0015 | 0.2163 0.0017 | 0.1551
d_LSFX -0.0024 | 0.5192 -0.0027 | 0.4593
d_CBBS 0.0080 | 0.0320 | ** 0.0077 | 0.0475 | **
d_YC_steepness 0.0023 | 0.3522 -0.0004 | 0.8818
d_In_size 0.0022 | 0.3343 0.0188 | 0.0074 | ***
d_infl_gap -0.0011 [ 0.4019 -0.0011 | 0.4071
d_output_gap -0.0024 | 0.2242 -0.0018 | 0.3702
Durbin-Watson stat | 1.9676 1.9469 1.9298 1.9372 1.9391

Stock market | Hausman Test 0.9998 0.9943 0.2945 0.9998 0.7004

coeff p coeff p coeff p coeff p coeff p

d_std_FX(-1) -0.1190 | 0.0308 | ** | -0.1252 | 0.0233 | ** | -0.1429 | 0.0094 | *** | -0.1210 | 0.0268 | ** | -0.1365 | 0.0113 | **
const 0.0020 | 0.0497 [ **| 0.0018 | 0.0804 | * 0.0018 | 0.0877 | * 0.0020 | 0.0410 [ ** | 0.0017{0.1192
dummy_ESM -0.0035 | 0.0136 | ** | -0.0037 | 0.0082 | *** | -0.0034 | 0.0161 | ** | -0.0038 | 0.0071 | ***| -0.0036 | 0.0102 | **
dummy_IMF -0.0021 | 0.2583 -0.0019 [ 0.3174 -0.0020 | 0.2892 -0.0022 [ 0.2373 -0.0020 | 0.2702
dummy_FX_regime | -0.0004 | 0.8112 0.0000 | 0.9899 0.0001 | 0.9656 -0.0001 [ 0.9734 0.0000 | 0.9853
d_interest _prem -0.0024 | 0.0781 | * -0.0023 | 0.0975 | *
d_PF_zscore 0.0012 | 0.2301 0.0012 | 0.2020
d_LSFX 0.0062 | 0.0370 | ** 0.0054 | 0.0622 | *
d_CBBS 0.0037 | 0.2258 0.0012 | 0.6845
d_YC_steepness 0.0065 | 0.0013 | *** 0.0047 | 0.0286 | **
d_In_size -0.0002 | 0.9303 -0.0001 | 0.9449
d_infl_gap -0.0034 [ 0.0013 | *** | -0.0027 | 0.0110 | **
d_output_gap -0.0008 [ 0.6033 0.0005 | 0.7812
Durbin-Watson stat | 2.0640 2.0769 2.0230 2.0648 1.9641

Currency | Hausman Test 0.9996 0.9950 0.9789 0.9976 1.0000
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Model specification a+b atc a+d ate entire
coeff p coeff p coeff p coeff p coeff p
d_std_10y_pr(-1) 0.0352 | 0.5252 0.0468 | 0.4028 0.0296 | 0.5946 0.0279 | 0.6164 0.0061 | 0.9111
const 0.0060 | 0.1199 0.0035 | 0.3844 0.0028 | 0.4915 0.0038 | 0.3358 -0.0019 | 0.8666
dummy_ESM -0.0094 | 0.0849 | * | -0.0080 | 0.1450 -0.0077 | 0.1588 -0.0076 | 0.1674 -0.0101] 0.0643 | *
dummy_IMF -0.0050 | 0.4837 -0.0036 | 0.6278 -0.0048 | 0.5041 -0.0045 | 0.5311 -0.0027 | 0.7021
dummy_FX regime | 0.0018 | 0.7766 0.0002 | 0.9735 0.0027 | 0.6767 0.0009 | 0.8865 0.0016 | 0.8778
d_interest_prem 0.0181 | 0.0008 | *** 0.0199 | 0.0002 | ***
10Y premium d_PF zscore 0.0016 | 0.6750 0.0020 | 0.5793
d_LSFX 0.0073 | 0.5319 0.0041 | 0.7167
d_CBBS 0.0191] 0.1110 0.0177 | 0.1415
d_YC_steepness 0.0197 | 0.0116 | ** 0.0054 | 0.5207
d_In_size 0.0064 | 0.3865 0.0409 | 0.0449 | **
d_infl_gap -0.0102] 0.0125 | ** [ -0.0109 | 0.0071 | ***
d_output_gap -0.0109 | 0.0825 | * | -0.0071 | 0.2652
Durbin-Watson stat | 2.0434 2.0433 2.0027 2.0271 2.0372
Hausman Test 0.9986 0.9950 0.3920 0.9990 0.7774

Notes: *: p<0.1, ** p<0.05, *** p<0.01
Source: Authorial computation
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