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Abstract: One of the responses of the monetary policies of central banks to the sustainable development
on financial markets, which also affected other markets and economic growth, is the role of
non-standard monetary policies, referred to as quantitative easing in the form of Asset Purchase
Programme. In this paper, the following main research problem was addressed: How can the Asset
Purchase Programme help the European Central Bank fulfill its mandate of supervising the financial
stability and financial development? Based on this, we formulated the main objective: to identify
the impact of monetary policies on the dynamics of financial markets development, labor markets,
and the markets for goods and services. As part of the applied methodology, the impact of the
quantitative easing on the government bond yields curve was based on an indirect assessment using
the seemingly unrelated regression model, considering the use of parameters from the functional
benchmark form. Through the vector error correction model, another additional impact of the
application of the monetary policy mechanisms on selected indicators of the considered markets was
identified. The relationship between financial markets and economic growth was determined on
the basis of the two-stage least square model using endogeneity control instruments. Applying the
changes identified by the above models allowed us to determine the expected change in the rate
of growth of the aggregate output of the euro area countries. Based on our results, we found out
that Asset Purchase Programme had an impact on the growth of government bond yields issued
by euro area countries, on lowering the risk rate on corporate bond markets, and increasing the
nominal value of shares. In addition, growth in inflation and a decline in interest rates were affected.
Finally, the European Central Bank (ECB)’s non-standard monetary policies have positively affected
and stimulated the labor market and development in goods and services markets, referred to the
sustainable financial development.

Keywords: quantitative easing; asset purchase programme; government bonds; growth rate of GDP;
models of growth

1. Introduction

The concept of sustainable development is based on three known pillars: sustainable economic
growth, social inclusion, and environmental protection have been recognized as fundamental in the
development processes in all the EU countries, according The Agenda 2030 for sustainable development.
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The European Central Bank as the supreme institution of the EU has a clear mandate—sustaining
financial development and price stability in the EU, using its monetary policies and mechanisms.

Quantitative easing is characterized as a monetary policy of redemption of assets funded by
the central bank’s provisions, which was first introduced by [1,2] to name the Bank of Japan policy
conducted between 2001 and 2006. Many central banks have used outright purchases as part of their
monetary policies. It has been employed by the Federal Reserve Board, the Bank of England, and the
Bank of Japan. Open market operations are a core instrument of central banks even in standard times.

The central bank intervention, called quantitative easing, took an important place in three major
economies (Japan, the US, and England) and in the European Monetary Union (EMU), which brought
about differences and distinctive patterns for each. The most significant difference between each
country’s quantitative easing was, according to [3], that the Fed’s buy-back and the Bank of England
operations were not designed to address the liquidity problem of the banking system (rather focused
on increasing asset prices/returns), which is related to the fact that the European Central Bank (ECB)
and the Bank of Japan were economies with a stronger focus on the banking sector, while in England
and the US, the securities markets are relatively more dominant [4]. According to [5], the relative
increase in the size of the banking system against the private sector’s securities market is associated
with greater systemic risks and lower economic growth.

The impact of higher liquidity on economic system is also described by [6], primarily focusing on
central bank purchases raising asset prices and, if asset prices are higher, lowering borrowing costs and
encouraging an increase in consumption and investment. In contrast, analysis by [7,8] can conclude
that while quantitative easing (as a central bank’s liquidity-increasing tool) has a significant impact
on financial markets and partly on interest (and thus price) on government bonds, it is clear that it is
best to understand the transfer of these effects to the economy, and [9] has also addressed this issue in
the United Kingdom. Authors [10] propose that the efficiency of the monetary system be identified
by an integrated general model of the ultimate goal that most stakeholders could agree on—nominal
GDP growth. On the basis of these findings, we proceeded to a smaller adjustment and selected GDP
aggregates and in our study, investigated the impact of monetary policy on them.

Authors [11] argue that both quantitative easing and other non-standard (or non-interest-rate)
operations changing the composition of the central bank’s assets in its financial statements mainly
affect the interest rate, specifically the spread of the money market rather than through the effects
of quantity in money demand conditions, assuming that these effects have some delay on impact.
However, [12] believe that central bank asset growth is not helpful in restoring economies from crises
and is therefore unlikely to become attractive as a major monetary instrument. Authors in [13],
who earlier expressed that the effectiveness of quantitative easing is still open to considerable doubts,
were similarly interested. In addition, [14] argues that quantitative easing will lead to the control of
the common monetary policy by national fiscal policies. Author [15] argues that the simultaneous
budgetary consolidation in 2011–2013 has led to a decline in real GDP in the monetary union of around
1% per year. In addition, [16] estimates that public finance savings affects the reduction in bond
purchases. Thus, the stimulus effect of central bank budget interventions against the 2009 recession
was more or less offset by austerity fiscal policy. This, moreover, is most likely to have contributed to
the reuse of this type of instrument within the ECB’s strategies.

The main goal of our study is to identify the impact of monetary policy instruments on the
dynamics of financial market development, labor market, and the markets for goods and services,
examine and provide a characterization of the dynamic economic interactions between the important
macroeconomic, financial, and market indicators, using the methodology of modeling. Special attention
is devoted to the effects of Asset Purchase Programmes of the ECB on the economic and financial
development in the euro area countries, investigated by means of four research questions, in the context
of encourage sustainable development. Our findings demonstrated the important economic effects
on financial market development, labor market, and the markets for goods and services, during the
examined period.



www.manaraa.com

Sustainability 2020, 12, 9367 3 of 21

Based on the mentioned research problems and findings our study focuses on the impact of
selected instruments of the European Central Bank (ECB) in its non-standard monetary policy on
the economic growth dynamics of euro area countries, focusing on quantitative easing—Sections 1
and 2. The methodology of our analyses was based on the analysis of empirical studies, the application
of existing models (the seemingly unrelated regression (SUR) model, vector error correction model
(VECM) models, and the growth two-stage least squares (2SLS) model, specified in Sections 3 and 4),
sample characteristics of the data used for the period under review 3.Q. 2009–3.Q. 2018 and 2000–2018
in the Sections 3 and 4. Results and discussion are presented in Sections 4 and 5 while examining the
primary concentration of ECB quantitative easing mechanisms on average securities yields and the
effects of these yields on financial markets and sustainable economic growth in euro area countries.
Then finally in the conclusion we summarize the implications in a broader context.

2. Literature Review—The ECB, Its Monetary Policy at a Time of Financial Crisis and Now

Throughout the crisis, the ECB has used a number of strategies and mechanisms to help promote
consumption and reach inflation targets. However, most of the central bank’s instruments in response
to the financial crisis already existed within the Bank’s operational frameworks in the pre-crisis
period [11]. It is just about extending the current operations of the central banks of the above mentioned
entities. The combination of a wide range of measures could have led to different interactions between
mechanisms. Authors [17] recommend coordination of unconventional and conventional monetary
policy measures, according to the authors, the short-term interest rate should respond to inflation
(central bank inflation targets), while purchases of long-term securities (debt) should respond to output
(country production). Quantitative easing can certainly affect the real economy through exchange rates
and net exports [18]. In addition, such an unconventional policy helps to keep the securities yield
spreads steady [19]. According to [20], it is then appropriate to use quantitative easing in the case of a
base rate of less (or equal) to zero. In addition, as the EMU is still in a liquidity trap, there is no limit to
the number of government bonds redeemed by the ECB without starting inflation [21]. Indeed, such a
situation still exists within the EMU. In addition, [22] is convinced that a potential bond shortage in the
European Monetary Union exists throughout the duration of the Assets Purchase Programme (APP).
Many experts and authors discussed the effects of APP worldwide, and in ECB’s working papers.
Authors [23] examined the effects of the APP on the financial markets in the euro area and found the
effects in bond yields and spread reduction to decreasing risks for portfolio rebalancing in all countries.

The ECB’s APP includes a number of instruments, some of which have already been completed.
The SMP—Securities Market Programme, CBPP I and CBPP II—Covered Bond Purchase Programmes
are closed. According to [24] in the case of SMP, the answer to the downturn in some secondary
markets for government bonds was to improve the functioning of the transmission mechanism by
providing liquidity in the non-functioning segments of the bond markets. In the case of CBPP, it was
the renewal of the covered bond market, which is the primary source of funding for EMU banks,
by supporting the decline in money market interest rates and simplifying funding conditions for credit
institutions and businesses.

We will then move on to the characteristics of the ECB’s current running mechanisms. CBPP III
worked on the same principle as previous programmes. ABSPP—Asset Covered Bond Purchase
Programme launched to promote the direct provision of bank loans through providing the possibility
of packing existing loans in Asset-Backed Securities (ABS) in packages they may sell to the ECB.
This would give banks free capital for new lending [25]. CSPP—Private sector redemption Programme,
which means the purchase of euro-denominated bonds issued by non-bank entities located in the
euro area. Details of the corporate bond structure were not reported, but the ECB said that the
programme did not lead to higher purchases under APP. This indicates that bond purchases will be
made to support existing programmes [26]. PSPP—Public sector redemption Programme (securities)
involving government bonds, agencies, international organizations, and development banks located in
monetary union [27]. In addition to the APP Programme, we were still thinking about the impact of
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the underlying money market interest rate, which is one of the central bank’s primary instruments.
The final mechanism to be evaluated is TLTROs—targeted longer-term refinancing operations, which are
characterized as Eurosystem operations, providing financing to credit institutions, and providing
liquidity in market segments.

The central bank affects only the determination of short-term returns, and long-term yields
from securities holdings are determined on the basis of demand and supply on the stock markets.
This impact of monetary policy instruments on yield levels of securities and other markets needs to be
divided in our designed models and modeling (specified in the Section 3). The difference between
long-term and short-term returns on securities is discussed by [28], and others.

3. Materials and Methods

3.1. Methodology

The main objective of this study is to identify the impact of ECB non-standard monetary policies
on the dynamics of financial markets development and economic development across EMU countries
through selected macroeconomic, market, and financial variables.

The findings of research studies focused on the tools of monetary policies stimulated as to create
these research questions, which we formulated as follows. The research problem of this work is
whether the individual Programmes (non-standard policies) of the ECB were an effective tool for
influencing and sustaining the financial markets, goods, and services markets, or the EMU labor
market. The following research questions were formulated in the context of the specific characteristics
of the elements involved in the subject matter:

How can the Asset Purchase Programme help the ECB to fulfill its mandate to supervise the
financial stability and development? Can this Programme help the ECB to support faster or sustainable
growth and job creation in Europe?

Subsequently, we formulated these more detailed research questions (RQ):

Research question 1 (RQ1). What will be the impact of the non-standard monetary policy instruments
of the ECB in the form of Asset Purchase Programme (or Quantitative easing—QE) mechanisms on
zero-coupon yield curve spot rate of all EMU government bonds?
Research question 2 (RQ2). What additional impact will these instruments have on the financial
markets, on the goods and services markets, respectively, or on the labor market?
Research question 3 (RQ3). How did these policies affect GDP change rates?
Research question 4 (RQ4). How does the policy effectiveness change over the time?

Based on the methodology and work of [13,29,30], we consider four parameters zero-coupon
yield curve rate of all EMU government bonds, in which we will determine the impact of the selected
set of variables via the seemingly unrelated regression (SUR) model using the Generalized Least
Squares (GLS) estimator. The given curve parameters are level (L), slope (S), first curvature factor (C1),
and second curvature factor (C2). The model equation has the following form:

Yt = α + ρYt−4 + θXt + εt (1)

where Y represents the four yield curve parameters, the X matrix of macroeconomic variables, where we
consider inflation (HCIP), real activity index (RAI), unemployment (UNEM), interest rate (IR), ratio of
public debt to aggregate production (DEBT), effective exchange rate (EER), business confidence index
(BCI), weighted retail sales of main trade partners (SALES), index of financial returns (INDEX),
Fed funds rate (FED), EURIBOR spread (E_SPREAD), measure of real money and traveler’s checks,
and demand deposits (M1). The selection of variables into individual partial equations was done by
step-wise technique. This model determines the expected impact of QE on the government bond yield
curve indirectly, that is through a model error.
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The resulting parameters were converted into yield curves using [31] functional form:

y(τ) = β1+ β2

(
1− e−τλ1

τλ1

)
+ β3

(
1− e−τλ1

τλ1
− e−τλ1

)
+ β4

(
1− e−τλ2

τλ2
− e−τλ2

)
(2)

where y (τ) is perceived as yield of the bond with maturity τ, β1 represents the parameter L, β2 is
S, β3 captures C1, β4 expresses C2, and parameters λ1 and λ2 are characterized as the rate of
exponential decay.

Other additional QE impacts on goods and services markets, financial markets, and the labor
market were determined on the basis of [32], respectively an extension to determine the impact of QE
on changes in other financial indicators based on [33,34]. A vector error correction model (VECM)
considering co-integrated variables was used to determine this effect. The choice of the appropriate
model type and the number of delays considered was based on the Johansen’s co-integration test [35].
The model equation used then has the following relationship:

∆MBt = κ1 ECTX +
r∑

p = 1

ξ1,p ∆MBt−p +
r∑

q = 1

Φ1,q ∆Xt−q + ε1,t (3)

∆Xt = κ2 ECTX +
r∑

p = 1

ξ2,p ∆MBt−p +
r∑

q = 1

Φ2,q ∆Xt−q + ε2,t (4)

with error correction term (ECTX) in type 1 being considered as

ECTX = MBt−1 + ΨXt−1 (5)

respectively (for type 2) as
ECTX = MBt−1 + ΨXt−1 + h (6)

where MB is understood to be a change of monetary base due to QE; p and q represents lag order of
difference of QE (MB) and other selected variable (X), respectively; r represents specified maximum
delay; h represents inverse constant of co-integration equation; and κ, ξ, Φ, and Ψ are coefficients.

As a final step, we have developed a growth model designed by [36], which uses the two-stage
least squares (2SLS) with instrumental variables to control endogeneity. The model is in the shape of

∆ln(GDPpc)t = α + β Xt + ω FINt−4 + εt (7)

where GDPpc represents gross domestic product per capita, X is a matrix of variables adjusted to a
natural logarithm consisting of a seasonal delay of the dependent variable (GDPpct-4) capturing the
Solow–Swan convergence effect, investment rate (I/GDP), openness of the economy (OPEN), secondary
education (SECON) population share, government expenditure rate (GOV). The last variable of the
model is the instrument of the seasonally delayed and logarithm financial variable (FINt-4), which in
each model represents liquid liabilities (LLY), private credit (PRIV), bank assets (BANK), and stock
market capitalization (SMC). Instruments are, seasonal delay (FINt-8), index of market regulation,
index of market credit regulation and index of the degree of judicial independence. The final impact
of QE on the change in aggregated country production was determined by the expected changes
in some variables due to APP (based on previous models). These variables included GOV (due to
changes in government bond yields), MB volume, and possibly the amount of investments based on
the above-mentioned work of [36], where we determine the changes in investment rates based on
the model:

ln
( I

GDP

)
t
= α + β Xt + ω FINt (8)
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where one change from the previous model is a change in variables belonging to the calculating
logarithm matrix X, which consists of aggregated output (GDP), interest rate (IR), government spending
rate (GOV), and openness of the economy (OPEN). In this case, we do not include stock market
capitalization (SMC) among the financial variables considered. Moreover, in this case, the financial
variable was instrumented by all other predictors.

The above analyses were processed by software Programme R (v3.4.3), respectively its extension
RStudio (in 1.1.442).

3.2. Data

Within the above-mentioned methodology, we work with a dataset that contains a wide range of
indicators capturing the situation on the financial markets and the labor market, respectively, and other
macroeconomic indicators (accessible data during this research).

The first model (SUR) consists of EMU data as a whole across the time period of APP Programmes,
from the third quarter of 2009 until the penultimate period of the programme (the third quarter 2018).
Data from the four parameters (L, S, C1, and C2) of zero-coupon yield curve spot rate of all EMU
government bonds were obtained from the ECB database. We can divide the independent variables
from the first model into five logical structures: inflation, activity, policy, foreign trade, and financial
indicators. Inflation in the data used is considered to be the harmonized index of consumer prices
(HICP). Activity indicators include the unemployment indicator (UNEM) and the real activity index
(RAI), which is constructed through changes in indexes of deflated turnover of sales in retail trade
(except for motor vehicles), volume index of production in industry, volume index of production in
services and economic sentiment index on the basis of the first component of the principal component
analysis. In the policy category we include the interest rate (IR) and the debt to GDP ratio (DEBT).
Foreign trade consists of variables such as effective exchange rate (EER), business confidence index
(BCI), and weighted (based on proportion of trade) retails sales of main trade partners (SALES).
The following variables are listed in the last category. The variable labeled FED presents the funds
rate of the Federal Reserve. Stock price (INDEX) is constructed with the first principal component of
the average open stock price during the observed timeframe, considering the indexes EUROSTOXX,
DAX, and CAC. The EURIBOR spread (E_SPREAD) is defined as the difference of 3-month euro
interbank offered rate and overnight interest rate swaps. The last variable considered is M1 (M1) type
monetary aggregates.

The VECM model analyses were also applied to aggregated EMU data over a defined period.
The volume of QE in the APP form is seen in these models as a change in the monetary base (MB).
The IP variable captures the volume index of production in industry. In one of the models, we also
consider the current level of capacity utilization in industry (ICU). The SCSD variables are short-term
credit spreads, which are characterized as the difference between the weighted short-term bond
yield of the selected indexes and the aggregated two-year EMU countries government bond yields.
The medium-term credit spread (MCSD) variable is similar to the SCSD but uses the medium-term
bond yield and the five-year EMU countries government bond yields. Other variables used within
these models were defined above.

The model (2SLS) captures the evolution of EMU aggregated data from the beginning of 2000
to the third quarter of 2018. The I/Y variable expresses the rate of investment in terms of production
size, in which case we defined investments as gross fixed capital formation. The openness indicator of
EMU economies (OPEN) was determined as the ratio of the sum of exports and imports to aggregated
production. We perceive the proportion of population with completed secondary education (SECOND)
as a measure of human capital. The public expenditure indicator (GOV), expressed in terms of the GDP,
was also used. The first used financial variable within this model is defined as liquid liabilities (LLY),
which are perceived as M2 monetary aggregates and are expressed in terms of the GDP. Private credit
(PRIV) is understood as credit provided by the banking sector and other intermediaries to the private
sector of the economy, and this variable is also expressed in relation to the GDP. The variable labeled
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BANK represents the total amount of financial assets of the banking sector. The last financial variable
under consideration is stock market capitalization (SMC), representing value of listed shares to GDP.

All of the above data comes from the Statistical Office of the European Union (Eurostat),
the European Central Bank (ECB), the OECD, the Federal Reserve Economic Database, and the
Bank for International Settlements (BIS) total credit statistics database.

4. Results

4.1. Design the Seemingly Unrelated Regression (SUR) Model

The selection of suitable predictors within each of the four equations of the constructed model was
performed by step-wise technique within GLS models containing the entire set of predictors considered,
determined sequentially for each partial dependent SUR model separately. However, in the context of
the SUR concept, also considering correlated error terms models, the significance of some independent
variables were not demonstrated again. Even variables such as aggregated (and weighted) retail
sales of main EMU member’s trade partners (sales), respectively a composite variable consisting of
multiple stock indexes (index), showed no significance in all cases. Inflation (inf) measured by HCIP
has reached the expected positive effect on the level and in addition to the second curvature effect,
which is related to the fact that bond prices are included in the CPI to determine inflation. On the
contrary, real activity index (rai) affects yield returns of government bonds, i.e., a decline in the level of
gradual growth, which is more intense in the short run. While in the case of the second indicator of
activity—unemployment (unem), we consider only the growth of the slope within the results. From the
effects of the interest rate predictor (i), respectively of its impact, the above Breuss (2016) opinion
on the possibility of functional QE application was confirmed only if the interest rate is negative,
correspondingly converges to zero. The debt-to-aggregate ratio (debt) does not surprisingly affect the
level (L) or slope (S) of the yield curve, but its impact was significant for the first and second curvature
factor, with growth (expected) lowering the rate of return on government bonds with higher maturity.
The effective exchange rate (eer) was expected to reduce the level of bond yields, but in the case of slope
this was the opposite. The same contradiction has been found in both curvature factors. The overall
yield curve decreased more significantly in the case of effective exchange rate growth, although bonds
with higher maturities yielded a higher rate of return (against the level of curve), while this increase
gradually lost intensity. The Business confidence index (bci), we considered only within the level and
slope based on the step-wise selection of predictors within the compiled SUR model, with this index
increasing the level of government bond yields, with their gradual decline. Subsequently, we focus on
the independent variable Fed funds rates (fed), which affects the growth of government bond yields,
causing a slowdown in yield changes in the short term due to their maturity. The EURIBOR spread
variable (Euribor), resp. the difference between the three-month EURIBOR and the Overnight Interest
Rate Swaps is characterized by an impact on the significant decline in government bond yield levels.
The last significant predictor considered is the ratio of M1 monetary aggregates and euro area aggregate
output (m1), which affects all components of the yield curve. Increasing the share of liquid money
derivatives affects the growth of the level and second curvature factor, while the other has the opposite.
Thus, M1-type money aggregates increase yield levels but influence their decline in view of the rising
maturity, with the pace of this decline increasing in the long run. As mentioned above, this model
determines the expected impact of QE on the government bond yield curve indirectly, i.e., through a
model error. Figure 1 shows the actual values and expected values of the model (representing the
situation without applying a non-standard monetary policy in the form of QE) in selected time periods
of the observed period, which are based on Svensson’s benchmark term structure model converted to
the yield curve for a given year of maturity from 1 to 30 years.
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Figure 1. Quantitative easing (QE) impact on zero-coupon yield curve spot rate of all European
Monetary Union (EMU) government bonds. Source: own processing.

The choice of time slots was not accidental, as the fourth quarter of 2009 represents the period
immediately following the start of the expansion of the use of non-standard monetary policy in the
form of a QE to the APP Programme (used to mitigate the effects of the financial crisis), specifically the
CBPP I. mechanism. The critical period of using the APP Programme has provided a significant impact
on corporate bond markets, creating a reduced demand for government bonds. This finding, together
with the fact that the introduction of the first mechanisms from APP gave bad signals to the markets,
which led to an increase in government bond yields; hence, the risk of holding them. The second
quarter of 2012 is the end of the first APP (CBPP I and SMP) package and the start of the second
package (CBPP II). This period was mainly related to the calming of the markets, but still to negative
expectations. That is why the effect of QE on government bond yields had a slightly decreasing effect
on high-maturity bonds. Reducing the spread between the yields of individual situations (actual
and expected not using APP) suggests that the effect of the instruments themselves on the bond
markets is decreasing and the question of their re-use has arisen. The third period is immediately
following the start of the buy-in through the third APP and non-standard open market operations
(CBPP III, ABSPP, PSPP, CSPP, and TLTRO I and II). The results show that these instruments have had
a greater impact on higher maturity bonds, which is also related to the fact that developments and
expectations on European markets have started to improve over this period, and this effect on yield
has been multiplied by the use of mechanisms. While the PSPP mechanism was applied directly to
the purchase of government bonds during this period, its effect was more pronounced than that of
other programmes intended for corporate securities markets. We also assessed the impact in the last
observed period (the penultimate period of APP use). Based on the comparison of both situations
(actual and considered non-utilization of APP), we are of the opinion that in this period QE has only a
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minimal effect on government bond yields (or inversely on corporate bonds) and its use (even with
regard to the amount of money spent) is no longer needed.

4.2. The Effects of Quantitative Easing (QE) on the Euro Area Countries’ Economies

The next step is to identify other additional effects of QE on the economy of the Euro area countries
(perceived as a whole). All conditions were met, and the results of their testing are shown in Table A2
in the Appendix A. In view of the quarterly nature of the data, we had to include seasonal dummy
variables in the model to converge into the long-term equilibrium. After determining the conditions,
we have designed the VECM model, the results of which are shown in Table A2 of the Appendix A.
Given the current state of the monetary union, which needs a reform leading to deeper integration
(or due to the nature of some variables), inconsistency has emerged within the third constructed model
(dealing with industrial production).

In case of thinking with endogenous variables MB in EMU and interest rate (IR) (using seasonal
dummy variables) we found a significant effect of error correction term, where 0.85% difference from
equilibrium is adjusted every quarter. However, the Granger cause causality in MB was not found,
as there was only one minor variable present in the model equation. However, in the case of the
MB variable model and inflation (INF), we discovered this causality, with the model converging
to long-term equilibrium for each quarter at 3.04% of the total deviation. Considering the model
consisting of MB and aggregated IP countries of the euro area, the findings show a significant error
correction term, with up to 25.83% of the deviation from the equilibrium caused by changing the
variables adjusted each quarter.

However, based on the Wald‘s test of a restriction on model parameters, causality in the Granger
sense for the effect of short run predictors of MB change on the quarterly change in the aggregate
industrial production index within the euro area was demonstrated. Specifically, a significant change
in the monetary base for the fourth and third previous quarters was achieved. From the VECM
model compiled for co-integrated (at the first differential) pair of MB variables and for the capacity
utilization ratio (ICU) variable, we also noted the significance of speed of adjustment toward long
run equilibrium only when the ICU is changed, where during each period 1.17% deviation corrected.
While with only one non-significant independent variable associated with MB, short run causality has
not been demonstrated. In the case of quantifying the impact of the short-term and long-term effects of
MB changes on the quarter-on-quarter changes in unemployment, we built a model considering the
constant within the co-integration equation, but without the ECM constant. The results showed that
even in this pair of endogenous variables, the model converges into a long run equilibrium, while in
the case of a dependent variable determining the change in unemployment (UNEM), the correction is
0.38%. The absence of Granger cause was, as in the previous case, associated with the fact that within
the model, there was only one insignificant independent variable associated with the MB change.
The model consisting of the endogenous MB and Index variables, with a gradual quarter-on-quarter
correction of 67.25%, corrects the deviation for long-term equilibrium rapidly. However, even in this
case, the short run effect of MB did not occur in terms of Granger causality. The VECM model that
considers MB and SCSD also contains a negative (and, in the case of an equation with a dependent
variable defined as a SCSD change, a significant) slope of error corrected term. However, in the case of
the model, there was no short run MB to SCSD causality again. The last of the built-in VECM models
deals with the relationship between the MB and the medium-term credit spread (MCSD). However,
this response (as defined by ∆MCSD) converges at 4.31% to the long-term steady state, but also with
the occurrence of a short run effects relationship, as confirmed by the Walds test. In addition, we will
address the impulse response, which is more suitable for VAR (Vector Autoregressive) models than for
VECM models, resulting from the convergence of impulse effects to zero (in the case of VAR). However,
in this case, MB will have a permanent effect on selected characteristics of the economy, labor market
and financial market. Figure 2 below represents the selected response pulse of interest.
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Based on the impulse response functions, we expect a 1% increase in the monetary base (MB) based
on QE to reduce the interest rate (IR) by 0.0025 of a percentage point, but in the case of inflation (INF)
and at the same relative increase in MB we expect an increase of 0.0025%. In addition, a 1% increase in
MB due to APP resulted in a 0.01% increase in the index of industrial production in EMU countries
(IP), while the same change in QE (due to APP) caused a 0.005% increase in the capacity utilization
(ICU). However, the results of the third model (IP) also show that the mechanism in the early stages
only helped some countries and its positive impact was only manifested in the medium to long term.
The impact of a 1% change in allocation on APP has a long-term decline in the unemployment rate
(UNEM) by 0.004 of a percentage point. This non-standard monetary policy of the ECB has the opposite
effect on the following compiled artificial variable, consisting of the price indexes (EUROSTOXX,
DAX, and CAC) of EMU member countries, in particular causing an increase of the stock price of the
indexes by almost 500 euros. The effect of MB changes due to APP on the short-term or medium-term
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credit spread is almost identical (around 0.01 percentage point), with a slightly lower impact on the
medium-term. In the following analysis, the adjusted unemployment rate will be used to determine
the impact of QE (in the form of APP), which is the decline in unemployment in the absence of MB
changes due to APP (i.e., not using the given asset purchase programme).

4.3. The Impact of QE on EMU Member States

The final step in this study is to determine the impact of QE through the APP Programme on
EMU Member States aggregate production. This impact will be analyzed through the 2SLS model that
includes instrumental variables for endogeneity control. The conditions for designing the model have
been fulfilled, as shown in Table A3. The model for determining the predictors affecting GDP growth
is set out in Table A3 of the Appendix A.

First, we consider the impact of the relative expression of liquidity in the EMU (MB). Based on
the results of the analysis, namely the first predictor, we are able to confirm Solow–Swan’s effect of
convergence of aggregated production within EMU member countries. Within the financial predictor,
we found an inversely proportional relationship with GDP change (in the form of natural logarithm).
The relatively small slope (which is also insignificant) indicates that the ratio of liquid money aggregates
(type M1) is in the optimal spectrum (but is slightly above the long-term optimum). In addition, based
on the previous findings and arguments of the authors mentioned above, the primary purpose of QE
within the EU monetary union was to ensure sufficient liquidity, so our findings are consistent with
the claim in some sense, as the changes in liquidity did not affect growth (or decrease) of changes in
aggregated production (it was just a supply of necessary liquidity due to limitations of transactions
velocity of money). In addition, QE in the long run has impacted on government spending growth
(GOV) (due to the effect of increasing government bond yields, see above), and thus GDP growth.
The increase in GDP growth through QE due to changes in the liquidity ratio and increased government
spending resulted in an expected average positive growth rate of x%. We will then deal with the impact
of relative corporate loans on GDP growth (PRIV) changes. This model also confirmed the convergence
effect. At the same time, a significant impact of corporate loans was also shown, with higher lending
rates leading to a higher propensity to consume, and hence higher household spending, leading to
increased investment by businesses. Within this model, the only predictor affected is QE (except for the
fact presented in the next model dealing with the identical impact, see below) the relative government
spending rate. Considering the change (in the case of non-standard instruments in the form of QE) of
the government expenditure, we expect an average change in GDP growth rate by x%. The third model
contains a single variable dealing with the financial aspect defined as banking assets to GDP (BANK).
The variable in question represents the same aspect as the previous one, but from the opposite view
(where the only change considered is the absence of non-bank entities). The results showed that the
growth of assets held by banks (in relative terms) is expected to increase GDP growth. This is clearly
related to the fact that, in the case of bank asset growth, the volume of (foreign) assets of market players
increases, allowing them to invest in expanding production, reducing costs, etc. In addition, some of
the QE instruments (e.g., CBPP) were directly designed to provide liquidity to some banks (though
not transparently), leading to increased lending, ergo bank assets (respectively investment volume).
Here too, an additional QE effect should be reflected on the change in GDP growth rate, which is not
identified above (also due to a lack of appropriate data). The actual expected impact of QE (the only
aspect considered, i.e., GOV) represents an average increase of x%. The last compiled model includes a
financial predictor recording stock market capitalization (SMC). What is surprising is that the growth
in equity market capitalization has an impact on the decline in GDP growth. This is due to the fact
that in the case of a capitalization of a company through stock market (mainly for the capitalization of
medium and large companies), part of the dividends is moved to other countries (and increases the
company’s costs), thereby slightly reducing GDP. The last predictor affected by QE is again the relative
expression of government spending, with an identical relationship and similar to that of other models.
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This model showed the projected average GDP change due to the use of non-standard monetary policy
(APP programme) at x%.

In conclusion, we determined the impact of QE (in the form of APP) through the expected changes
in predictors (based on the analyses above). We have aggregated the percentage change from each
model to the expected weighted average basis change. The weights of the given models were designed
on the basic of AIC—Akaike information criterion. The use of AIC was by an aggregation of four
2SLS models (the specification is in Table A3 in Appendix A), it means aggregation of estimates was
based on this weighted average basis (AIC). The AIC values are given at the end of the Table A3.
The resulting impact of QE expressed as a percentage change in GDP per capita is captured in Figure 3.
However, it should be added that QE may have influenced other factors than government spending
or liquidity. Within these models, we considered the impact of QE on investment levels (I/GDP),
although [37] results indicate that APP’s mechanisms (specifically, TLTROs) had only weak supply-side
evidence to explain changes in investment, thus reducing the companies‘ investments after applying
APP regardless of industry structure, or level of taxation. For this reason, we have also determined
the impact of QE on the change in GDPpc in the case of not considering change in I/GDP, while
the percentage change (compared to the original values) is in the order of magnitude lower (up to
100 times) than in the case of I/GDP.
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5. Discussion

The influence of the mechanisms used by the ECB largely to ensure sufficient liquidity has
led to an impact on securities yields. Under the first ECB mechanisms, which are SMP, CBPP I,
and CBPP II, it has been shown that if the first packages were not applied, government bond yields
would have been be reduced more than when applied. This is a consequence of negative signals
and a higher level of risk, respectively, where these instruments were primarily taught for corporate
bonds (where risk reduction, and hence revenue by applying the instruments). This is also consistent
with [38] findings that the announcement and application of the first APP package (SMP and CBPP
I) has led to a general depreciation of the euro and an increase in domestic and global stock prices.
This effect weakened slightly in the case of CBPP II, which was also related to the fact that concerns
about possible defaults on issuers of bonds decreased. However, their influence was still significant.
In addition, other Programmes (such as CBPP and others) have reduced bond spread rates, suggesting
that banks’ feedback could strengthen the effect of ECB asset purchases in the Eurozone [39]. However,
further fluctuations have led to the introduction of additional mechanisms under APP, which are
nonstandard open market operations, namely, CBPP III, ABSPP, PSPP, CSPP, and TLTRO I and TLTRO
II. Within the period when these packages were used, the opposite effect of risk reduction and thus
government bond yields were demonstrated. This was mainly related to the PSPP package intended
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for the purchase of public/government bonds, while its effect exceeded the negative effects of others.
This reassurance was caused, among other things, by structural reforms in the countries concerned
and by investors’ confidence in the ECB’s interventions (given the successful sovereign debt auctions).
These findings correlate with [16] that these programme packages (mainly PSPP) had an impact on
government bond yields, and thus on the relative level of government spending over the period.
In addition, our conclusions are consistent with the findings of [40], which argue that in 2014 and
2015 the APP Programmes used at that time were important tools to influence the yields of bonds.
The results in recent observations indicate that the effect of APP Programmes is negligible (also in
terms of the volume of assets purchased by the ECB). The answer to the first research question on
the basis of the above analyses is an opinion on the positive impact on the yield of bonds issued by
EMU countries (which was related to the increase in risk perception due to such market interventions).
In addition, these results support [41] who found APP’s impact on securities markets was weaker
than expected in later periods (from 2018), and thus its cancellation will not have a strong impact on
interest rates. Consequently, the ECB’s APP Programme had a significant justification as a tool to
influence yields and longer term interest rates, but the ECB should abandon it at present (or since 2018).
Therefore, we do not consider the ECB’s decision to extend it till the end of 2019 necessary. It is clear
from this that the efficiency (fourth research question) of non-standard monetary policy in the form of
APP Programmes gradually weakened (according our research).

In addition, we have confirmed the positive impact of QE on industrial production, resp. at the
capacity utilization ratio. Thus, we expect that the application of non-standard monetary policy itself
has increased the aggregate production of EMU member countries. In addition, it emerged from the
models that the ECB’s non-standard monetary policies caused a 0.005 percentage point reduction in
unemployment. However, these results are not consistent with the findings of [42], who claim that QE
(namely, APP) has affected the rise in unemployment, which may be linked, among other findings, to
the fact that the authors only analyzed the situation until 2012. Most corporate bond APP packages
have also been shown to be effective in the stock price of aggregated EUROSTOXX, DAX, and CAC
indexes, while in the case of short-term and medium-term credit spreads there has been a reduction
and therefore a reduction in risk. The answer to the second research question is that APP has had an
impact on lowering the level of risk on corporate bond markets and increasing the nominal values of
shares, affected the inflation and interest rate decline. In addition, QE acted on increasing employment,
leading to positive developments in goods and services markets. The use of APP had a relatively weak
impact on GDPpc only in the first periods of use until the end of 2011. In the following period (until the
end of 2014), there is a slight slowdown in the decline, which, in addition to QE, is also due to the slow
return of confidence, which was proven by successful sovereign debt auctions in the period. However,
after this period there is another slowdown, with the effect of QE falling aggregate production around
the level of 2.25% (when considering changes in investment; otherwise, it was around 0.03% decline).
APP supported GDP growth in times of higher market risk, but on the other hand, after the situation
improved, GDP growth slowed down (the third research question). Similar findings on moderate
deceleration due to the use of non-standard monetary policies were also identified by [43].

Other important instrument of monetary policies discussed in broader context includes global
risk regulation and the factor of the interaction between bank and sovereign default risk. Authors [44]
analyzed the pattern of interaction between bank and sovereign default risk by endogenously estimating
the timing of structural breaks in Spain during the recent crisis period and post-crisis period 2008–2012.
They found out that structural dependence in the system extends to the interaction between bank and
sovereign default risk volatility. Many exogenously proposed breaks are of particular importance to
one specific economic system, which can help policy makers and experts to structure their actions.

6. Conclusions and Implications

In our analyses, we can summarize the implications in a broader context. The SUR model was
developed to determine the impact of QE in the form of APP on zero-coupon yield curve spot rate of
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all EMU government bonds. Non-standard monetary instruments have affected financial markets,
with the strongest effect of QE being recorded immediately after its application, and in the period
immediately following the successful auctions of government debts; that is, at the time of using a wider
range of additional mechanisms. In addition, we were also interested in other APP effects on financial
markets, the labor market, and the market for goods and services that were identified by VECM models.
Within the financial markets, QE caused a modest decline in interest rates and, after a first short-term
decline in inflation, it recorded a modest growth. The mechanisms used also had a significant positive
effect on stock price of selected indexes (EUROSTOXX, DAX, and CAC). In addition, they reduced the
short-term and medium-term credit spread, which is also confirmed by the additional risk mitigation
of this non-standard monetary apparatus, respectively its perception by markets. This apparatus
also had a positive impact on the labor market as we expected a slight decline in the unemployment
rate when applied. Positive impact was found also in some aspects of the markets for goods and
services, such as for industrial production, increasing production capacity in the countries concerned.
Although growth was observed in these areas, the impact of QE on the overall EMU aggregate product
was negative. This disproportion is also related to the rise in inflation described above, in turn reducing
investment. We also considered the absence of a more significant impact of APP after 2018, it was an
important finding, and thus extending the period of use of an otherwise successful instrument should
be pointless. This instrument—especially in the first phase of the application, with a higher degree
of uncertainty—supported the growth rate of aggregate production, but after 2011, the use of Asset
Purchase Programme has already caused the opposite effect. In addition, the primary purpose of this
policy has been shown to have lost its effect in recent observation periods (especially in 2018).

The ECB has its clear mandate—to supervise the financial stability and financial development in
the EU. In the current period of a weak growth or near global recession and low inflation, the interest
rate instrument alone has not been sufficient to steer inflation closer to 2%. This program will help to
bring inflation back to levels in line with the ECB’s objective. However, it will also help businesses
across Europe to enjoy better access to credit, increase investment, create jobs, and thus support overall
sustainable economic growth, which is a precondition for inflation to return to and stabilize at levels
close to 2%. Subject to price stability, these are also important objectives to which the ECB contributes
in line with the EU Treaties. In 2020, the global economic situation is changing dramatically and the
pandemic-related problems and risks facing the real economy resulted in the turbulence on global
financial markets. The ECB has adopted a package of stabilization measures, the most of them will put
into effect the new Pandemic Emergency Purchase Programme (PEPP) in the framework of existing
APP, which will include the all categories of assets and to limit monetary, especially, pandemic risks.
There are also some objectives for future research.

In the future research we would like to compare our findings with the findings of newest empirical
studies of cited authors (especially in the section Methodology), extend the period under review
for years 2019–2020, and to enlarge a statistical dataset and databases for our deeper analyses and
redesigning models, increasing the complexity and the robustness of them. In further research we
would like to investigate the effectiveness of APP/PEPP Programmes and the positive/negative effects
and risks reduction on financial market development, labor market, and the markets for goods and
services, applying aggregate economic, market and financial indicators, and determine the most
important changes and movements on output level, price and securities yield levels, unemployment
level, and investment level in the euro area countries.
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Appendix A

Table A1. Results of Seemingly Unrelated Regression model.

Dependent Variable

L S C1 C2

(Intercept) −99.5313 103.8896 261.7688 −112.4328
(16.8056) (18.4130) (287.3828) (279.2007)

[3.53e−07] *** [9.92e−07] *** [0.3668] [0.6889]
inf 46.3794 −49.6565 −1299.9182 1242.2123

(10.7868) (11.6949) (310.0719) (304.6689)
[8.56e−05] *** [1.05e−04] *** [1.15e−04] *** [1.67e−04] ***

rai −5.5655 6.7498 182.9972 −177.8072
(2.9218) (3.2662) (98.2926) (97.1804)

[0.0629] * [0.0444] ** [0.0686] * [0.0734] *
unem −25.5095 48.0143

(20.7809) (24.2454)
[0.2257] [0.0536] *

i 90.5917 3124.3168 −3172.8688
(14.4116) (872.9733) (861.9229)

[1.08e−07] *** [7.89e−04] *** [5.78e−04] ***
debt −8.8539 1234.0326 −1350.4979

(6.0657) (346.7578) (344.3086)
[0.1512] [8.39e−04] *** [2.73e−04] ***

eer −18.3413 18.9328 1224.0684 −1198.6198
(8.3332) (8.9778) (335.4502) (332.7937)

[0.0327] ** [0.0404] ** [6.38e−04] *** [7.37e−04] ***
bci 0.7450 −0.7444

(0.1466) (0.1627)
[6.35e−06] *** [3.59e−05] ***

sales −0.1883 0.2126
(0.1179) (0.1303)
[0.1170] [0.1096]

fed 18.0833 −225.9533
(5.9553) (101.2076)

[3.89e−03] *** [0.0302] **
index −0.4946 8.1242

(1.1505) (17.5261)
[0.6698] [0.6450]

euribor −100.9918
(22.6294)

[5.04e−05] ***
m1 21.6146 −22.6128 −526.0143 469.7899

(4.6284) (5.4707) (124.3242) (121.2256)
[2.54e−05] *** [1.49e−04] *** [1.02e−04] *** [3.17e−04] ***

Mult. R2 0.7175 0.7440 0.3907 0.4131
Adj. R2 0.6634 0.6884 0.3036 0.3293

Values in parentheses represents standard error and square brackets contains p-value. *, **, ***—variable is significant
on 10%, 5%, and 1% level, respectively.
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Table A2. Results of Vector Error Corrected model.

MB&IR MB&INF

Cointegration Equation Cointegration Equation

MB(t−1) 1.0000 MB(t−1) 1.0000
(0.0000) (0.0000)

IR(t−1) 8.6035 INF(t−1) −1.9308
(3.1076) (0.8946)

[8.94e−3] *** [0.0378] **
(Intercept) −0.0818 (Intercept) 1.9705

(0.0540) (0.7911)
[0.1389] [0.0176] **

ECM for cointegrated series ECM for cointegrated series
∆ MB ∆ IR ∆ MB ∆ INF

ECT −0.0639 −0.0085 ECT −0.0107 −0.0304
(0.0386) (0.0048) (0.0210) (0.0072)
[0.1068] [0.0853] * [0.6136] [1.63e−4] ***

∆ MB(t−1) 0.5498 −0.0125 ∆ MB(t−1) 0.5532 −0.1078
(0.1476) (0.0184) (0.1681) (0.0581)

[6.86e−4] *** [0.5014] [2.28e−3] *** [0.0720] *
∆ IR(t−1) 0.6174 0.6488 ∆ INF(t−1) 0.0065 0.1120

(0.9202) (0.1145) (0.4747) (0.1639)
[0.5067] [2.13e−6] *** [0.9892] [0.4989]

Q1 0.0025 -0.0004 Q1 0.0044 0.0011
(0.0029) (0.0004) (0.0038) (0.0013)
[0.3945] [0.3242] [0.2547] [0.4032]

Q2 −0.0014 0.0001 Q2 0.0004 0.0023
(0.0030) (0.0004) (0.0040) (0.0014)
[0.6436] [0.8040] [0.9209] [0.1094]

Q3 −0.0001 −0.0002 Q3 0.0018 −0.0021
(0.0029) (0.0004) (0.0041) (0.0041)
[0.9727] [0.6202] [0.6633] [0.6117]

R2 0.3531 0.4461 R2 0.3273 0.6607
Adj. R2 0.2722 0.3769 Adj. R2 0.2432 0.6183

AIC −15.5846 −15.6390 AIC −15.3337 −15.3521
BIC −15.0006 −15.1280 BIC −14.7498 −14.8412

Cross-equation covariance matrix: Cross-equation covariance matrix:
MB IR MB INF

MB 2.34e−3 −2.16e−6 MB 2.35e−3 −2.07e−4
IR −2.16e−6 3.67e−5 INF −2.07e−4 4.42e−4

MB&IP MB&ICU
Cointegration equation Cointegration equation

MB(t−1) 1.0000 MB(t−1) 1.0000
(0.0000) (0.0000)

IP(t−1) 2.3442 ICU(t−1) 0.3991
(0.6353) (0.1683)

[7.37e−4] *** [0.0236] ***
(Intercept) −0.2084 ECM for cointegrated series

(0.0489) ∆ MB ∆ ICU
[1.39e−4] *** ECT −0.0006 −0.0117

ECM for cointegrated series (0.0051) (0.0034)
∆ MB ∆ IP [0.9075] [0.0026] ***

ECT −0.0681 −0.2583 ∆ MB(t−1) −0.3662 −0.0437
(0.0713) (0.0772) (0.1735) (0.1536)

[0.3509] * [0.0032] *** [0.0476] ** [0.7789]
∆ MB(t−1) −0.3133 0.0675 ∆ ICU(t−1) 0.0510 0.1467

(0.2037) (0.2204) (0.2182) (0.2362)
[0.1397] [0.7626] [0.8176] [0.5416]
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MB&IR MB&INF

∆ MB(t−2) 0.0249 0.1467 Q1 0.0026 −0.0030
(0.2182) (0.2362) (0.0034) (0.0023)
[0.9103] [0.5416] [0.4534] [0.2069]

∆ MB(t−3) −0.0919 0.4344 Q2 −0.0016 0.0112
(0.2034) (0.2201) (0.0033) (0.0022)
[0.6563] [0.0624] * [0.6331] [0.0001] ***

∆ IP(t−1) 0.1813 −0.4952 Q3 −0.0013 0.0006
(0.2416) (0.2615) (0.0044) (0.0029)
[0.4617] [0.0728] * [0.7707] [0.8382]

∆ IP(t−2) 0.1523 −0.5089 R2 0.0778 0.3772
(0.2362) (0.2556) Adj. R2 0.0059 0.3205
[0.5264] [0.0603] * AIC −235.7561 −235.5732

∆ IP(t−3) 0.1726 −0.2605 BIC −229.4220 −229.2391
(0.1817) (0.1967) Cross-equation covariance matrix:
[0.3535] [0.2003] MB ICU

Q1 −0.0215 −0.0851 MB 2.64e−3 6.80e−5
(0.0274) (0.0296) ICU 680e−5 1.67e−3
[0.4418] [0.0094] *** MB&INDEX

Q2 −0.0084 −0.0252 Cointegration equation
(0.0110) (0.0119) MB(t−1) 1.0000
[0.4540] [0.0469] ** (0.0000)

Q3 −0.0253 −0.0967
(0.0276) (0.0299) INDEX(t−1) 2.2736
[0.3702] [0.0042] *** (0.6083)

R2 0.3794 0.9576 [0.0013] ***
Adj. R2 0.1407 0.9413 (Intercept) −0.0423

AIC −206.3884 −186.6335 (0.0115)
BIC −192.9199 −173.1649 [0.0015] ***

Cross-equation covariance matrix: ECM for cointegrated series
MB IP ∆ MB ∆ INDEX

MB 2.52e−3 3.22e−4 ECT −0.0031 −0.6725
IP 3.22e−4 4.22e−3 (0.0698) (0.1739)

MB&UNEM [0.9652] [0.0017] ***
Cointegration equation ∆ MB(t−1) −0.3622 −0.0460

MB(t−1) 1.0000 (0.2238) (0.5579)
(0.0000) [0.1279] [0.9355]

∆ MB(t−2) −0.0111 0.4490
UNEM(t−1) 0.5836 (0.2362) (0.5887)

(0.1603) [0.9632] [0.4583]
[8.95e−3] ** ∆ MB(t−3) −0.0744 0.4345

(Intercept) −1.9587 (0.2084) (0.5194)
(1.5096) [0.7264] [0.4169]

[0.2032] ∆
INDEX(t−1)

−0.0336 0.6786

ECM for cointegrated series (0.1346) (0.3354)
∆ MB ∆ UNEM [0.8065] [0.0626] *

ECT −0.0008 −0.0038 ∆
INDEX(t−2)

0.0339 0.5069

(0.0022) (0.0004) (0.1119) (0.2789)
[0.7199] [4.21e−10] *** [0.7664] [0.0906] *

∆ MB(t−1) −0.3758 −0.0494 ∆
INDEX(t−3)

0.0442 0.6087

(0.1748) (0.0315) (0.0853) (0.2125)
[0.0440] ** [0.1325] [0.6124] [0.0125] **
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MB&IR MB&INF

∆ UNEM(t−1) 0.3093 −0.2859 Q1 0.0035 0.0018
(0.8212) (0.1479) (0.0040) (0.0100)
[0.7104] [0.0675] * [0.3963] [0.8597]

Q1 0.0016 −0.0051 Q2 −0.0037 −0.0268
(0.0034) (0.0009) (0.0041) (0.0101)
[0.6430] [1.52e−5] *** [0.3821] [0.0189] **

Q2 −0.0003 −0.0173 Q3 −0.0018 −0.0208
(0.0052) (0.0009) (0.0038) (0.0096)
[0.9546] [2.30e−14] *** [0.6430] [0.0480] **

Q3 0.0042 −0.0083 R2 0.5267 0.2251
(0.0132) (0.0024) Adj. R2 0.3116 0.1272
[0.7536] [0.0025] *** AIC −197.6212 −81.6992

R2 0.3453 0.9072 BIC −182.9638 −67.0419
Adj. R2 0.2143 0.8886 Cross-equation covariance matrix:

AIC −208.5049 −295.1540 MB INDEX
BIC −195.0363 −281.6855 MB 2.39e−3 −7.93e−4

Cross-equation covariance matrix: INDEX −7.93e−4 2.45e−2
MB UNEM MB&MCSD

MB 2.64e−3 −2.89e−5 Cointegration equation
UNEM −2.89e−5 3.61e−4 MB(t−1) 1.0000

MB&SCSD (0.0000)
Cointegration equation

MB(t−1) 1.0000 MCSD(t−1) 12.5902
(0.0000) (5.4337)

[0.0263] ***
SCSD(t−1) 46.8329 (Intercept) −0.6466

(13.7090) (0.3749)
[0.0269] *** [0.0932] *

(Intercept) −2.6962 ECM for cointegrated series
1.1806 ∆ MB ∆ MCSD

[0.0844] * ECT −0.0011 −0.0431
ECM for cointegrated series (0.0037) (0.0172)

∆ MB ∆ SCSD [0.7709] [0.0263] **
ECT −0.0056 0.1274 ∆ MB(t−1) 0.4669 −0.8504

(0.0084) (0.0413) (0.1896) (0.8750)
[0.5133] [0.0041] *** [0.0285] ** [0.3488]

∆ MB(t−1) 0.5568 −0.3715 ∆ MB(t−2) 0.1458 0.8700
(0.1437) (0.7037) (0.1928) (0.4896)

[0.0005] *** [0.6011] [0.4630] [0.0989] *

∆ SCSD (t−1) −0.0417 0.2657 ∆ MCSD
(t−1)

−0.0451 0.3194

(0.0360) (0.1763) (0.0422) (0.1947)
[0.2550] [0.1413] [0.3046] [0.1249]

Q1 0.0041 −0.0313 ∆ MCSD
(t−2)

0.0207 −0.0193

(0.0030) (0.0139) (0.0474) (0.2190)
[0.2017] [0.0480] ** [0.6695] [0.9311]

Q2 −0.0017 −0.0269 Q1 0.0037 0.0329
(0.0031) (0.0143) (0.0033) (0.0151)
[0.5955] [0.0894] * [0.2825] [0.0483] **

Q3 −0.0003 −0.0168 Q2 −0.0024 −0.0244
(0.0033) (0.0151) (0.0037) (0.0169)
[0.9294] [0.2919] [0.5279] [0.1425]

R2 0.3632 0.3725 Q3 −0.0006 −0.0175
Adj. R2 0.2359 0.247 (0.0034) (0.0157)

AIC −238.2884 −117.0010 [0.8626] [0.2852]
BIC −233.5378 −112.2504 R2 0.3903 0.4038



www.manaraa.com

Sustainability 2020, 12, 9367 19 of 21

Table A2. Cont.

MB&IR MB&INF

Cross-equation covariance matrix: Adj. R2 0.2160 0.2335
MB SCSD AIC −238.2551 −116.1820

MB 2.22e−3 4.92e−4 BIC −233.5046 −111.4315
SCSD 4.92e−4 6.61e−2 Cross-equation covariance matrix:

MB MCSD
MB 2.15e−3 2.13e−4

MCSD 2.13e−4 5.62e−2

Values in parentheses represents standard error and square brackets contains p-value *, **, ***—variable is significant
on 10%, 5%, and 1% level, respectively.

Table A3. Results of 2SLS model.

Dependent Variable: ∆ ln (GDP)

(Intercept) 4.3407 2.9486 2.8257 4.5464
(0.7810) (0.7193) (0.7057) (0.6642)

[952e−7] *** [1.46e−4] *** [1.99e−4] *** [8.74e−9] ***
ln(GDPpc)t−4 −0.4028 −0.3282 −0.3004 −0.4238

(0.0709) (0.0584) (0.0593) (0.0586)
[6.11e−7] *** [7.49e−7] *** [5.41e−6] *** [2.08e−9] ***

ln(I/GDP) 0.3194 0.2289 0.1885 0.3413
(0.0783) (0.0716) (0.0730) (0.0789)

[1.56e−4] *** [2.35e−3] *** [0.0127] ** [6.89e−5] ***
ln(OPEN) 0.1912 0.1567 0.1663 0.2152

(0.0636) (0.0438) (0.0425) (0.0576)
[4.07e−3] *** [7.61e−4] *** [2.67e−4] *** [4.69e−4] ***

ln(SECOND) 0.5251 -0.0732 0.1540 0.5809
(0.2165) (0.2254) (0.1894) (0.1881)

[0.0188] ** [0.7469] [0.4197] [3.23e−3] ***
ln(GOV) 0.0286 0.1463 0.1535 0.0958

(0.0472) (0.0455) (0.0446) (0.0508)
[0.5480] [2.26e−3] *** [1.13e−3] *** [0.0648] *

ln(LLY)t−4 −0.0099
(0.0102)
[0.3380]

ln(PRIV)t−4 0.3603
(0.0849)

[9.02e−5] ***
ln(BANK)t−4 0.3648

(0.0793)
[2.72e−5] ***

ln(SMC)t−4 −0.0447
(0.0171)

[0.0115] **
R2 0.7571 0.8171 0.8250 0.7786

Adj. R2 0.7291 0.7960 08048 0.7530
AIC −350.0101 −366.7549 −369.3582 −355.4690
BIC −333.3898 −350.1346 −352.7379 −338.8487

Values in parentheses represents standard error and square brackets contains p-value *, **, ***—variable is significant
on 10%, 5%, and 1% level, respectively.
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