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Abstract

Purpose — This study assesses the impact of the European Central Bank’s (ECB) Unconventional Monetary Policy
(UMP) on economic growth via its effects on sovereign bond yields in the Eurozone. Unlike previous studies that
focus on high-frequency data and short-term effects, this study provides evidence on the long-term effects of the
ECB’s asset purchases on key macroeconomic variables such as GDP and Industrial Production growth.
Design/methodology/approach — The study employs the Fixed Effects, and the IV2SLS for Panel Data
approaches to estimate the indirect effects of the ECB’s balance sheet size on the key macroeconomic growth
rates for a set of 14 European countries during the 2009-2023 time period.

Findings — The findings suggest that the indirect effects of the ECB’s balance sheet size on GDP and Industrial
Production are highly statistically significant for peripheral countries while rather not for the core countries.
However, although the ECB’s UMP may influence the real GDP growth rate, there is no evidence to prove that
they have an effect on the industrial production growth rates, regardless of the positive high statistically
significant relationship between these two growth rates.

Practical implications — The findings have important implications for policymakers, as they provide valuable
guidance for monetary policy formulation and for maintaining financial stability within the Eurozone.
Originality/value — This paper contributes to the understanding of how the transmission of UMP impacts
economic growth through production stimulation in Europe.
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1. Introduction

Central bank conventional measures of monetary policy under normal economic conditions
act by setting a target for the overnight interest rate in the interbank money market and setting
the money supply to meet that target via open market operations. In response to recent crises,
such as the great recession and the COVID-19 pandemic, central banks of developed
economies have used their conventional measures by lowering their interest rates to levels as
low as possible to levels near the zero lower bound (ZLB). These ZLB interest rates imposed
challenges such as liquidity traps (Summers, 2014), making conventional monetary policy
ineffective to further stimulate economies (Loisel and Mésonnier, 2009; Papadamou et al.,
2020). While economic conditions remained unresponsive, central banks deployed
quantitative easing (QE) policies that rely on large scale purchases of financial assets, as
measures of unconventional monetary policy (UMP). Several studies suggest positive effects

of these QEs on the economy, such as increasing output and investment stimulation (Naape, |
2019; Belke and Goemans, 2021; Boehl et al., 2022). Examples of QEs include those
implemented during the global financial crisis of 2007-2009 in the U.S., the sovereign bonds
crisis of 2011-2012 in the Eurozone and, most recently, during the COVID-19 global crisis of
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JES 2020-2021 in the U.S. and Eurozone, simultaneously. Figure 1 displays how the 10-year
European sovereign bond yields and GDP growth rates evolve as the ECB’s balance sheet
(blue shaded area) grows during the recent financial crises from January 2008 through
December 2023 for 14 European countries. The last chart in Figure 1 includes the data for the
U.K. to facilitate comparability.

This study analyses the effects of variations in the European Central bank (ECB) balance
sheet size as a proxy for their UMP, first on the yield rates of the European sovereign bonds and
secondly, the latter on the rates of GDP growth of these countries. The goal of this study is to
answer the following question: “How does the ECB’s UMP interventions affect the economic
activity within the Eurozone?” (Hammermann et al., 2019). Answers to this question would
help understand the relationship between central bank UMP actions and their effects on GDP
growth through the direct effect on the government bonds yields, particularly when assessing
risks associated with large-scale asset purchases.

2. Literature review

2.1 Institutional background: unconventional monetary policies

After the financial markets collapsed in September 2008, the U.S. economy was approaching a
recession, the Federal Reserve initiated a series of monetary policy measures in order to
stimulate economic recovery and job creation. One of the most prominent steps was to cut the
federal funds rate, the benchmark interest rate for banks, to historically low levels between
0 and 0.25% in December 2008 (Swanson, 2018). As interest rates reached their effective
lower bound, the Fed found it increasingly difficult to stimulate the economy through

Figure 1. Eurozone 10-year sovereign bond yields, GDP growth rates and ECB’s balance sheet. Source:
Compiled by Authors, ECB
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traditional tools. Policymakers expressed grave concerns that the U.S. economy could enter a Journal of
deflationary spiral, where a shrinking economy leads to falling prices, prompting consumers Economic Studies
and businesses to delay spending in anticipation of even lower prices, further depressing the
economy (Yu, 2016). Bernanke et al. (2004) had previously argued that the ZL B represents a
constraint on the effectiveness of conventional monetary policy, particularly when interest
rates approach zero, leading to a liquidity trap, a situation where monetary policy becomes
ineffective due to a lack of willing borrowers (Krugman et al., 1998).

With the federal funds rate already at its lowest point, the Federal Reserve embarked on
UMP initiatives (Labonte, 2019), such as its QE program, also known as the large-scale
asset purchase program (APP). These UMP measures played a significant role in stabilizing
the financial system and supporting the economic recovery as they succeeded to achieve the
main goal of lowering interest rates (Dudley, 2010), boosting investment (Apergis, 2019),
improving the accessibility of external financial resources for banks, households and non-
financial firms (Smaghi, 2009), and encouraging lending, thus contributing to the gradual
expansion of the economy (Krishnamurthy and Vissing-Jgrgensen, 2011; Gagnon et al.,
2011; Hamilton and Wu, 2012). The COVID-19 pandemic and the subsequent economic
downturn brought a renewed focus on the UMP as a tool to stimulate economies and
promote financial stability. Existing studies highlight that UMP tools became
institutionally legitimate (Ronkainen and Sorsa, 2018; Kiley, 2018; Baglioni, 2024),
being gradually incorporated into the standard central bank’s toolkit and thus considered to
be used in the future upsides with the conventional tools (Reis, 2016; Quint and Rabanal,
2017; Gagnon et al., 2019; Ruman, 2021). Overall, the UMP have become a long-standing
and influential tool, potentially modifying the core role of central banking (Guerini
etal., 2018).

In the first half of 2009, following the outbreak of the global financial crisis, the ECB joined
the U.S. Federal Reserve in implementing unconventional monetary policies to avoid a deeper
economic downturn and to stabilize the financial system and prevent a contagion (Samitas and
Tsakalos, 2013; Samitas et al., 2022). These measures included a rapid reduction of interest
rates, extensive liquidity provision operations and foreign exchange swap agreements to
address the liquidity needs of banks in foreign currencies (Lane, 2012). European banks, like
their counterparts in other regions, were heavily exposed to the U.S subprime mortgage market
(Shirai, 2009; McCauley, 2018), making them vulnerable to the crisis fallout. The ECB’s
actions helped to stem panic and avoid a systemic banking crisis, safeguarding the stability of
the Eurozone financial system and laying the groundwork for a subsequent economic
recovery. However, the unconventional tools that initially were perceived as exceptional
emergency measures have become a mainstay in the ECB’s toolkit, iteratively employed in
response to both the sovereign debt crises that followed and the COVID-19 pandemic (Quaglia
and Verdun, 2022; Szczepanski, 2019; Benigno et al., 2020).

The first unconventional measures by the ECB were implemented as a response to the
global financial crisis. In March 2008 and May 2009, the Longer-Term Refinancing
Operations (LTROs) were introduced to calm interbank funding markets, satisfy the increased
demand for liquidity and mitigate the potential risks of a more severe financial meltdown
(Runkel, 2022; Gonzalez-Paramo, 2012; European Central Bank, 2009). As the Greece
sovereign debt problems burst, the ECB added the 3-year LTROs in 2011 (Lawson, 2020).
Apart from LTROs, the ECB introduced the Covered Bond Purchase Programme (CBPP1)
between July 2009 and July 2010 and the CBPP2, starting in November 2011 (Smith, 2020). In
parallel, the ECB initiated the Securities Markets Programme (SMP) in May 2010, though its
liquidity impact was sterilized through weekly operations, ensuring no net injection of central
bank liquidity into the market (Sester, 2012). Although the SMP purchases had decreased the
volatility of government bond yields for most countries, they did not stop the rise in sovereign
spreads (Reichlin and Pill, 2015). In August 2012, the ECB terminated the SMP and replaced it
with the Outright Monetary Transactions (OMT) program. Overall, the series of measures
taken by the ECB, effectively resolved the crisis in the Eurozone.
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JES After two crises, the euro area economy was suffering low inflation that was persistently
below the ECB’s target of 2% (Moschella and Romelli, 2023). In October 2014, the ECB’s
APP was introduced as a tool to address the risk of low inflation. Details of ECB’s inflation
related programs are discussed in Online Appendix A.

In response to the economic fallout from the COVID-19 pandemic, the ECB’s Pandemic
Emergency Purchase Programme (PEPP) was launched in March 2020. The PEPP involved
acquiring private and public sector securities to boost liquidity, lower interest rates and
stimulate economic activity. The program was initially set at 750 billion but was expanded to
1.85 trillion due to the severity of the crisis (Moessner and De Haan, 2022). Net purchases
under the PEPP ended in March 2022, but maturing principal payments from the acquired
securities were to continue to be reinvested until at least the end of 2024.

Consequently, over the last decade, the ECB has repeatedly used UMP tools to address a
variety of crises, including the global financial crisis, the sovereign debt crisis and the COVID-
19 pandemic (Morelli and Seghezza, 2021). These tools have been crucial in maintaining
financial stability and supporting economic growth in the Eurozone. However, UMP tools had
been under debate among economists, so further academic studies approached the impact of
these tools, their channels of transmission, their distributional effects and their effectiveness in
achieving the ECB’s objectives (Constancio, 2018).

2.2 The effects of unconventional monetary policies

Apart from the literature devoted to the U.S. Federal Reserve policy, a broad variety of studies
have examined the effects of the ECB’s UMP, aiming to evaluate its effectiveness and degree
of impact. Most of them uniformly demonstrate the negative impact of the central bank’s
unconventional policy on the sovereign bond yields. However, prevailing majority of the
authors utilize the event study methodology, focusing on the announcement and not the
implementation, effect of the ECB interventions. For example, Falagiarda and Reitz (2015)
examine the effects of the ECB’s announcements over the period from 2008 to 2012 on the
sovereign yield spreads of Greece, Ireland, Italy, Portugal and Spain relative to Germany using
event study approach. They find that the announcements have negative effect on the spreads
for all countries except Greece. In particular, the SMP has a strong effect for all countries,
whereas the OMT has a significant impact only for Spain and Italy. The results are further
reinforced by Krishnamurthy et al. (2017) as they show that the announcements of the SMP
and OMT programs were more effective at reducing sovereign bond yields in Italy, Portugal
and Spain. Furthermore, Blotevogel et al. (2023) in the study devoted to the effect of the ECB
asset purchases during the COVID-19 pandemic on sovereign yields provide evidence that
these purchases can significantly affect sovereign yields, but the timing and market conditions
are important. Another study that uses event study methodology is done by Urbschat and
Watzka (2020). Although the authors cover only a limited time frame of 2014-2016, they
include both peripheral and core countries of the euro area in the sample, and found that
countries with higher yields responded more strongly to the APP announcements than those
with yields that were already near the ZLB, with greater yield reductions for periphery
countries than for core countries.

On the long run effects of UMP, De Santis and Holm-Hadulla (2020) find a negative effect
of the ECB PSPP on the sovereign bond yields for all euro area countries except for Greece and
Estonia. The authors employ a two-stage least-squares 2SLS regression approach, and find
that the PSPP reduced sovereign bond yields by an average of 7 basis points on the day of
purchase, and that this effect gradually dissipates over the following few days. Interestingly,
the estimated impact significantly exceeds that of the related studies conducted for the U.S.
These results align with Sahuc (2016) and Eser et al. (2019). However, the study by De Santis
and Holm-Hadulla (2020) is very limited in its scope, as it considers a single securities
purchase program, the PSPP and covers a very short period from May 2015 to June 2016.
Rincon and Petrova (2024), nonetheless, employed the instrumental variables 2SLS to
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estimate the long run effects, rather than the short run announcement effects, of the ECB UMP Journal of
on the pricing of the European stock markets via their effects on the German yields. This latter Economic Studies
method as a more appropriate to handle the endogeneities and simultaneities among the
variables considered while depicting a detailed transmission mechanism of UMP
implementations. Moreover, Rincon and Vukovic (2024) extend the instrumental variables
models to a three-stage least squares (3SLS) variant for the U.S. case and Rincon (2024)
employs the 3SLS in a panel data setting for a set of the main U.S. equity indices. Other
approaches are still valid such as by Xidonas et al. (2025) that use the multiple criteria decision
aiding (MCDA) approach to assess sustainability effects, while Andrikopoulos et al. (2014)
and Umar et al. (2019) assess the effects of volatility transmissions using wavelet-GARCH
and time-varying asset allocation frameworks for sovereign bond valuations in the Eurozone,
finding short run effects rather than long run.

Regarding the effects of UMP on macroeconomic variables, extant literature prevalently
proxy economic activity with the industrial production growth rate (Afonso et al., 2015;
Akram and Das, 2017; Afonso and Jalles, 2019; Blot et al., 2017), often coupled with the
real GDP growth rate (Costantini et al., 2014; Eichengreen and Mody, 2000; Reusens and
Croux, 2017). Strong rates of growth of both industrial production and real GDP are shown
to be important macroeconomic fundamentals that can lower country’s risk and attract
investors, thus reducing government bond yields. In particular, Poghosyan (2014) analyzes
the long-term and short-term factors influencing sovereign bonds of 22 advanced
economies worldwide, concluding that the government debt-to-GDP ratio, GDP growth
rate, money market rate and inflation have a significant effect on the sovereign yields.
Concerning the European Monetary Union (EMU), Pappas and Kostakis (2020) similarly
concluded that the real GDP growth has a negative effect on yields, while inflation has a
positive effect for government bond yields in 19 countries from 1995 to 2018,. In this line,
Van der Zwan et al. (2024) suggest that ECB QE make an average contribution to annual
Euro Area GDP growth and CPI inflation; specifically, Hohberger et al. (2019) find that
those effects are of 0.3 and 0.5% points, respectively, for the 201518 period. Furthermore,
Gill (2018) reconfirms the importance of real GDP growth and inflation factors while
examining the determinants of sovereign yields specifically for a sample of 6 European
countries and that the ECB interest rate and Euro STOXX 50 Volatility (VSTOXX) index
are also among the most significant determinants of sovereign yields. The crucial role of the
VSTOXX as an indicator of uncertainty and regional sentiment on the European market is
reconfirmed by Watfe (2015) and Gémez-Puig et al. (2014) as they demonstrate its positive
relationship to sovereign yields.

Lastly, Segal (2011) argues that the effects of oil prices are not as significant for the
economy as they are believed to be. Also, when studying the relationship between the ECB
monetary policy and the Eurozone sovereign yields (for Germany, France, Italy and Spain),
Blot et al. (2017) include oil prices as the potential factor that reflects international risk factor,
finding no significant effect of oil prices for all four countries. The currency rate, and, in
particular, real effective exchange rate (REER), is also found to have effects on the sovereign
bond yields (Della Corte et al., 2022). For instance, Blot et al. (2017) find a negative
relationship between Eurozone REER and government yields. However, these findings are not
supported by De Grauwe and Ji (2013) and Afonso and Jalles (2019), who proved a positive
relationship.

Based on the literature and in order to answer the research question of this study, the
following set of hypotheses is formulated:

HI1. The ECB asset purchases reduce the European sovereign bonds yields (D’ Amico
et al., 2012; D’ Amico and Seida, 2023; Trebesch and Zettelmeyer, 2014).

H2. European Real GDP growth rates are negatively related to the sovereign bond yields
(Afonso et al., 2015; Akram and Das, 2017).
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JES H3. European Industrial production growth rate is negatively related to the sovereign
bond yield (Blot et al., 2017; Zaghini, 2019).

H4. European Real GDP and Industrial production growth rates are positively related to
the ECB asset purchases. (van der Zwan et al., 2024; Hohberger et al., 2019).

The second and third hypotheses are key to understanding the objectives of the central banks in
implementing expansive monetary policy. By keeping government bond yields low, central
banks aim to stimulate economic activity. Lower bond yields typically lead to lower borrowing
costs for businesses and consumers which may encourage investment and spending, ultimately
contributing to higher real GDP growth and increased industrial production. The hypothesized
model of central bank intervention effects on growth and industrial production through the
effects on the sovereign bond yields is outlined in Figure 2.

H2 Real GDP Growth ]

A

HI
[ ECB Balance Sheet ]—P[ Debt/Money Market ] H4

\—1-13’[ Industrial Production ]

Figure 2. Hypothesized model of central bank intervention effects on growth and industrial production

3. Methodology and data

Although prior literature mostly employs the event study methodology to analyze the effects
the central bank UMP on sovereign bond yields (Urbschat and Watzka, 2020; Blotevogel et al.,
2023; Izquierdo-Cervera and Sogorb-Mira, 2023), this research relies on panel regression
analysis (Fixed effects (FE) models) and the instrumental variables (IV) two stage least
squares (2SLS) (Hausman, 1978; Scott and Holt, 1982) estimators as FE models allow for
estimation of the longer-term and persistent effects, highly relevant for policy evaluation,
while the 2SLS estimation allow to include the transmission mechanism effects in the model,
as well as addresses potential endogeneity problems (Hausman, 1983).

Our modeling starts with the estimation of the relationship between sovereign bond yields,
as the dependent variable, and the ECB balance sheet, as a proxy for the large scale of
sovereign bond purchases UMP, used as the main independent variable (Boeckx et al., 2014),
among other variables explained by the following regression equation:

Yield;;, = o + B,ECB_bs, + B,ECB key rate, + p;vix, + pywti_spot, + Psreer,
+ Pscountry_cpi;, + preal_gdp_grw,, + Pgind_prod_grw,, + Bymaturity;,
+ fyrating;, + Py outlook;, + €; (n

where: i is the index representing the individual bond, specified by the country of issuance and
maturity, and ¢ is the index representing time, specified on a monthly basis.

Based on the stablished relationships of the relevant variables with the target variable of the
ECB UMBP, the set of sovereign bond yields, and this on the real GDP growth and the industrial
production rates, we construct two variants of the IV 2SLS model used by Rincon and Petrova
(2024) for each of the two latter variables and expanded for the additional relevant covariates
in Eq. (1) as follows:

Stage 1 : Yield;, = my + mECB_bs, + m,ECB_bs,_; + v; 2)

For the real GDP growth,
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Journal of

Stage?2 : real_gdp_grw,;, = a + p,Yield;, + p,ECB_key_rate, + f;vix, Economic Studies

+ Bywti_spot, + Psreer, + Pgcountry_cpi;, + p,ind_prod_grw;,
+ Pymaturity,, + Pyrating;, + B goutlook;, + €,

3
And for industrial production growth,
Stage?2 : ind_prod_grw;, = a + f,Yield;, + p,ECB_key_rate, + Byvix, + p,wti_spot,
+ Psreer, + Pecountry_cpi;, + pyreal_gdp_grw;, @)

+ Psmaturity, + Pyrating;, + pgoutlook;; + €;

The detailed description of each variable included in the analysis for the period from
January 2009 to December 2023 is presented in Table 1. The sample for country-specific
variables includes 14 countries which were the members of the euro area in 2009 and for
which the data on sovereign bond yields is available: Austria, Belgium, Finland, France,
Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Slovenia, Spain,
Slovakia. Each country, except for Luxembourg, Slovakia and Slovenia (due to the data
availability reasons), is represented by at least four different maturities varying from 2 to
30 years. The data summary statistics are shown in Table Al in Online Appendix. All
continuous variables are winsorized at 1 and 99% to reduce any potential influence of
outliers.

Finally, to estimate the strength of the relationships between variables and identify the
factors related to sovereign yields, the correlations among the selected variables are provided
in Table A2 in Online Appendix. Clearly, there is an inverse correlation between the ECB
balance sheet and the sovereign bond yields (—0.263), and between the yields and the real

Table 1. Variables descriptions

Variable Description Source

yield Bond’s yield to maturity, percent ECB, central banks®

maturity Bond’s maturity, years ECB, central banks'

ECB_bs Asset values of the ECB balance sheet, in ECB
billions EUR

ECB_key_rate ECB Deposit Facility key rate, percent ECB

vix CBOE Volatility Index

wti_spot Spot Crude Oil Price: West Texas
Intermediate, USD

VStoxx EURO STOXX 50 Volatility

reer Eurozone Real Effective Exchange Rate

country_cpi Harmonized index of consumer prices, annual
percent change

real_gdp_grw Real GDP growth, annual percent change

ind_prod_grw Industrial Production Index growth, annual
percent change

rating Average credit rating

outlook Average credit outlook

Source(s): Compiled by authors

FRED, Federal Reserve Bank of St. Louis
FRED, Federal Reserve Bank of St. Louis

STOXX Itd
ECB
ECB

International Monetary Fund
International Monetary Fund

Fitch Ratings, S&P Global Ratings, Moody’s
Investors Svcs
Fitch Ratings, S&P Global Ratings, Moody’s
Investors Svcs
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JES GDP growth rate of the same magnitude (—0.289) also holds. An inverse correlation also
exists between the industrial production growth rate and the yields, though at a lower
magnitude (—0.156), supporting the expectation of an impact of the yields on the two
macroeconomic variables. Column (6) also supports the resulting positive correlation between
the two macroeconomic variables and the ECB balance sheet of 0.274 and 0.164, respectively.

4. Results and discussion
The results of the estimations of Eq. (1) are presented in Table 2. The Pooled OLS (OLS),
Fixed Effects (FE), Random Effects (RE) and Hausman-Taylor (HT) models (Hausman et al.,
1987; Hausman and Taylor, 1981), indicate that as the ECB balance sheet increases by €1
billion, the average sovereign yields drop between 0.4772 and 0.4877. This coefficient is
statistically significant at the 1% level for each of the models, suggesting that the ECB asset
purchases are effective in lowering sovereign yields of the European countries. The
explanatory power of the models measured by their R-squared ranges from 0.5069 to 0.5932,
while there are also independent variables that are statistically significant on the 1% level for
all models.

As such, although there is a clear inverse relationship between real GDP growth and the
yields, the coefficients on the industrial production growth according to the OLS model are
positive, they are only on the 5% level for the RE model and at the 10% level for the FE and

Table 2. Regression results

OLS FE RE RE_id HT id
maturity 0.0600%** 0.0000 0.0587%%* 0.0148 0.0519%**
(0.0024) 0 (0.0076) (0.0289) (0.0101)
wti_spot 0.0288** 0.0275%** 0.0275%%* 0.0275%** 0.0275%%*
(0.0014) (0.0013) (0.0013) (0.0013) (0.0013)
country_cpi 0.2582%+ 0.2719%%* 0.2714%%+ 0.2719%** 0.2719%**
(0.0138) (0.0133) (0.0133) (0.0133) (0.0133)
vix 0.0380%** 0.0327%%* 0.0334%** 0.0327%%*+ 0.0327*%*
(0.0034) (0.0033) (0.0033) (0.0033) (0.0033)
ECB_bs —0.4877%%% —0.4772%%* —0.4788%%* —0.4772%%% —0.4772%%*
(0.0137) (0.0130) (0.0131) (0.0130) (0.0130)
ECB_key_rate 0.6500%** 0.6133%** 0.6170%** 0.6133%*+ 0.6133***
(0.0267) (0.0252) (0.0253) (0.0252) (0.0252)
reer 0.0170%** 0.0198%** 0.0205*** 0.0198**+ 0.0198%**
(0.0066) (0.0065) (0.0064) (0.0065) (0.0065)
real_gdp_grw —0.1604%%* —0.1601%%* —0.1601%%* —0.1601%%* —0.1601%%*
(0.0075) (0.0077) (0.0076) (0.0077) (0.0077)
ind_prod_grw 0.0133%*** 0.0058* 0.0064%* 0.0058* 0.0058*
(0.0032) (0.0030) (0.0030) (0.0030) (0.0030)
rating —0.4208%** —0.4051%** —0.4140%** —0.4051 %%+ —0.4051%**
(0.0058) (0.0147) (0.0118) (0.0147) (0.0147)
outlook —0.5850%%* —0.8807%%* —0.8534%%* —0.8807%%* —0.8807*%*
(0.0467) (0.0480) (0.0477) (0.0480) (0.0480)
R-Squared 0.5369 0.5069 0.535 0.5932 -
N 10,994 10,994 10,994 10,994 10,994

Note(s): This table shows the Pooled OLS, Fixed, Random Effects and the Hausman-Taylor estimators for
Panel Data approach during the 2009 to 2023 time period, for the set of 14 European countries. Standard errors in
parentheses. * p < 0.10, ** p < 0.05, *** p <0.01

Source(s): Authors’ own work
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H-T models, suggesting an inconclusive relationship between this variable and sovereign Journal of
yields. Economic Studies

In order to explore how the effects of the ECB balance sheet size on the sovereign bond
yields change by type of country of origin, a set of FE regressions (chosen over the RE model
according to the Hausman test (Hausman, 1978) by type of country as per Table A3 in Online
Appendix) was run, classifying the countries by either core (Germany, Austria, France, the
Netherlands, Finland, Slovenia, Belgium, Luxembourg) and peripheral (Ireland, Greece,
Portugal, Spain, Slovakia, Italy) types. Table 3 shows the differences in the effects of the ECB
asset purchases on the sovereign bond yields of core and periphery countries.

The estimated coefficient on the ECB balance sheet size is highly statistically significant
for both sets of countries. However, its size is more than three time as large in absolute values
for the periphery countries as the one for the core countries. This implies that while €1 billion
increase in the ECB balance sheet decreases the average sovereign yields of the core countries
by 0.2412, and by 0.7981 of the periphery countries. Hence, H1 is supported by both
estimations.

The TV 2SLS estimations to measure the effects of the yield rates on the industrial
production growth and on the real GDP growth, for the models outlined by Eq. (2), (3) and (4)
are run and their results are reported in Table 4. The estimated coefficients indicate that there is
anegative effect of the yields rates on the GDP growth rate, of —0.232, and this relationship is
highly statistically significant at the 1% level, in support of H2. However, it can be said that
there is a positive effect of the yield rates on the industrial production growth rates, of 0.065,
failing to support H3, and this relationship lacks statistical significance even at the 10% level.

A key finding of Table 4 indicate that real_gdp_grw makes for a large impact on the ind_
prod_grw variable (given the influence of the ECB’s UMP on the government bond yields),
accounting for about 1.349% points. Although the inverse is to be true, the effect is at a much

Table 3. Results of the fixed effects estimations by Type of Country

FE, core FE, periphery
wti_spot 0.0100%** 0.0501***
(0.0004) (0.0030)
country_cpi 0.1835%** 0.3181%***
(0.0048) (0.0281)
vix 0.0173%** 0.0795%**
(0.0011) (0.0074)
ECB_bs —0.2412%** —0.7981***
(0.0045) (0.0297)
ECB_key_rate 0.6554%** 0.7478%*%*
(0.0087) (0.0561)
reer 0.0745%** —0.0261
(0.0021) (0.0164)
real_gdp_grw 0.0031 —0.1806***
(0.0038) (0.0134)
ind_prod_grw 0.0002 0.0118**
(0.0014) (0.0052)
rating —0.0551%** —0.5053%**
(0.0088) (0.0291)
outlook —0.2130%** —0.5619%**
(0.0190) (0.0990)
R-Squared 0.6233 0.4878
N 6,438 4,556

Note(s): This table shows the Fixed Effects estimators for Panel Data approach during the 2009 to 2023 time
period, by each of the 14 European countries. Standard errors in parentheses. * p <0.10, ** p <0.05, *** p <0.01

Source(s): Authors’ own work
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JES Table 4. Results of the IV 2SLS estimations for all E.U. countries

real_gdp_grw ind_prod_grw
yield_perc —0.232%** 0.065
(0.028) (0.071)
maturity 0.008%** —0.006
(0.003) (0.008)
wti_spot 0.056%** —0.008
(0.002) (0.005)
country_cpi —0.086*** 0.143%**
(0.018) (0.044)
vix —0.054%%* —0.097*#*
(0.010) (0.024)
ECB_key_rate —0.031 —1.220%**
(0.037) (0.090)
rating 0.000 —0.104***
(0.014) (0.034)
outlook 0.729%** —0.447%*
(0.060) (0.147)
real_gdp_grw 1.349%**
(0.022)
ind_prod_grw 0.222%%%
(0.003)
Centered R2 0.5080 0.3993
Uncentered R2 0.5439 0.4024
N 10,991 10,991

Note(s): This table shows the 2nd Stage of the IV 2SLS estimators for Panel Data approach during the 2009 to
2023 time period, for all 14 European countries. Standard errors in parentheses. * p < 0.10, ** p < 0.05,
sk

p<0.01

Source(s): Authors’ own work

smaller scale, of only 0.222% points. Both of these effects are of high statistical significance.
Given this pronounced difference in effects between the real GDP and the industrial
production growth rates calls for causality tests that are run ahead.

In short, although ECB’s UMP may influence the real GDP growth rate via its effect on the
risk-free rates in Europe, such as the government bond yields, there is no evidence to prove that
they have an influence on the industrial production growth rates, regardless of the positive high
statistically significant relationship between GDP and industrial production growth rates.
Thus, it cannot be stated that reductions of yield rates with large-scale purchases of sovereign
bonds stimulate the European economy by targeting the industrial production growth. Hence,
the recovery in real growth rates during the implementation of the UMP in Europe come from
sources different than its industrial production boosting. Accordingly, there is no evidence to
support H4, at least under the IV 2SLS method.

4.1 Granger causality tests results

To verify the causalities among the relevant variables, the Vector Autoregressive (VAR)-
Granger (1969) causality Wald test for panel data were run. Multivariate Granger causality
analysis is usually performed by fitting a VAR model to the time series. That is, let
X(t) e = R fort = 1, ..., Tbe a d-dimensional multivariate time series. Granger causality
is performed by fitting a VAR model with L time lags as:

L

X(t) =Y AX(t—1)+e(t)

=1
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where &(¢) is a white Gaussian random vector, and A, is a matrix for every 7. A time series X; is Journal of
called a Granger cause of another time series X, if at least one of the elements A, (j, i) fort =1, Economic Studies
...,L is significantly larger than zero in absolute value (Liitkepohl, 2005).

The results of the panel data VAR-Granger causality test are outlined in Table A4 in
Online Appendix. High »? values for the industrial production growth on real GDP growth
and vice versa, of 125.715 and 65.49, prove the strength of the causalities between the two
macroeconomic variables, as per models (6) and (7) on this table. These findings support
the expectation that as economies grow, their industrial production booms and that the
opposite is true: as industrial production flourishes, economies expand. Models (7) and (11)
also prove that real GDP expansion Granger-cause sovereign yields to shift, and backwards,
yields cause real GDP growth rates to shift (Chi2s of 24.077 and 17.732). However, a low
Chi2s of 0.031 and 0.087 in models (6) and (11) for industrial production growth on the
sovereign yields and for the yields on industrial production prove no causality of the yields
on the industrial production growth rates in line with the results of the IV 2SLS in Table 4.
Lastly, the results of model (12) prove that although there is no causality of the ECB’s
balance sheet size on real GDP growth as its Chi2s is only 0.526, there is indeed a Granger-
causality of the prior on industrial production with a statistic of 21.077. Hence, under the
VAR-Granger causality test, the results support H4 only partially, as it is only true for the
second rather than for the first macroeconomic variable. In short, although the IV 2SLS has
enabled us to estimate the contemporaneous, structural impact of the endogenous variables
used in both models as well as their reversal causalities; the somewhat different results of
the VAR-Granger tests estimate the predictive, intertemporal and lagged impact of each
variable on the others.

4.2 Instrumental variables and robustness tests

Several tests have been run on both instrumental variables 2SLS models, for the real GDP
growth (real_gdp_grw) and the industrial production growth (ind_prod_grw) to validate the
results obtained. Online Appendix B provides details on the instrumental variables tests
discussed in this section. The results on Table B1 in Online Appendix suggest that instruments
are not weak, while Table B2 in Online Appendix confirms that there is an overidentification of
instruments in the models, as expected. Table B3 in Online Appendix confirms that none of the
instruments used in this study are weak in the two models. Although Table B4 in Online
Appendix cannot reject the null hypothesis that all independent variables are exogenous for
both models, this may be true due to the fact that there is a large presence of peripheral
countries’ bond yields, which may take the instruments in the models as exogenous, while
endogenous for the core countries’ bond yields.

Although the results of the endogenous variables tests may not be fully conclusive, the
results of this study are robust under the generalized method of moments (GMM) and the
dynamic panel-data for IV analyses. Table 5 shows the results of the GMM estimations for
the real GDP and the industrial production growth rates, respectively. The results confirm that
even though the robust standard errors for the GMM estimations are higher, the p-values are
still highly statistically significant for the relevant instruments, such as the set of the 14
European sovereign bond yields to both of the selected macroeconomic variables in the
principal stage regression.

Lastly, to verify whether the effects on the real GDP and the industrial production growth
rates persist through time, dynamic panel data model estimations (Arellano and Bond, 1991)
have been run. Details of these estimations are provided in Online Appendix C. The results of
the Arellano—Bond estimations outlined in Table C1 and Table C2 in Online Appendix prove
that even though the size and significance of the sovereign yields and of the ECB balance sheet
size coefficients dissipate through time, the influence of the real GDP and the industrial
production growth rates and vice-versa, persist through time in line with the results of the
Granger causality and GMM for the IV 2SLS tests on Table A4 and Table 5, respectively.
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JES Table 5. Robustness test for all E.U. countries instrumental variables (2SLS) and (GMM) regression GMM
weight matrix: Robust

real_gdp_grw ind_prod_grw
yield_perc —0.415%%* 0.426**
(0.032) (0.075)
maturity 0.027%* —0.029%*
(0.003) (0.007)
wti_spot 0.058%** 0.007
(0.002) (0.005)
country_cpi —0.011 0.078
(0.017) (0.042)
vix —0.054%** —0.101**
(0.009) (0.023)
ECB_key_rate 0.053 —1.272%%*
(0.031) (0.084)
rating —0.083** 0.077
(0.014) (0.034)
outlook 0.529%*+* 0.489**
(0.054) (0.129)
real_gdp_grw 1.213%%*
(0.037)
ind_prod_grw 0.195%*%*
(0.007)
Prob > 4° 0.0000 0.0000
R-squared 0.4896 0.3784

Note(s): The models considered are the instrumental variables two-stage least squares (IV2SLS) and the
generalized method of moments (GMM) using the central bank balance sheet size as main control variable tested
for Panel Data approach during the 2009 to 2023 time period, for all 14 European countries. Standard errors in
parentheses. * p <0.10, ** p < 0.05, *** p <0.01

Source(s): Authors’ own work

5. Conclusion

This study uses the UMP interventions in the credit market by the ECB in response to recent
crises during the 2009-2023 period as quasi-natural experiments to explore whether such
monetary policy have an influence on the GDP growth rates of the Eurozone through its impact
on industrial production.

Based on the regression results, the analyzed models consistently demonstrate a negative
and statistically significant relationship between the ECB balance sheet size and sovereign
bond yields, demonstrating that with a €1 billion increase in the ECB balance sheet, the
average sovereign yields decreases by approximately 0.48% points. These results are in line
with studies by Sahuc (2016), Afonso and Tovar Jalles (2019), De Santis and Holm-Hadulla
(2020), among others, in support of H1. Also, it is found that the ECB balance sheet size
increase has a stronger effect on sovereign yields of the periphery countries compared to the
core countries, confirming the findings of Watfe (2015) and Afonso and Kazemi (2018). The
study also proves that although the ECB’s UMP may influence the performance of the real
GDP growth rate, accepting H2, there is no evidence to prove that they have influence on the
industrial production growth rates, regardless of the positive high statistically significant
relationship between GDP and industrial production growth rates, rejecting H3. Although the
Granger causality tests indicate that industrial production growth and real GDP growth cause
each other, there is not enough evidence to prove that the industrial production growth is
influenced by the UMP effects on the government bond yields, for which H4 cannot be fully
accepted. However, it is clear that the study provides evidence that UMP by the ECB helps
improve GDP growth rates, though it cannot be proven that this improvement is achieved by
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stimulating industrial production by reducing the sovereign bond yield rates as a benchmark Journal of
for interest rates in the European economies. The fact that the effects of yields on industrial Economic Studies
production growth are not supported by the Arellano-Bond estimations imply that this sector
takes long time to get positive results from lower finance costs than others that may contribute
to GDP growth in rather shorter periods. Future research calls for discovering such sectors
other than the industrial that directly capture the effects from lower interest rates as a result of
UMP interventions, that better explain their influence on the real GDP growth rates in Europe.

Supplementary material
The supplementary material for this article can be found online.
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