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Andriy Stavytskyy (Ukraine), Ganna Kharlamova (Ukraine),

Vincentas Giedraitis (Lithuania), Valeriy Osetskyi (Ukraine), Viktoriia Kulish (Ukraine)

CAN KEY INTEREST RATES
DECREASE OUTPUT GAPS?

Abstract

The difference in the GDP levels is crucial for the macroeconomic forecasting to de-
velop adequate and supportive fiscal and monetary policies. Most mismeasurements
under current geoeconomics challenges can be explained by the difficulty in predicting
recessions and the overestimation of the economy’s potential capacity. The research
aims to consider the GDP gap’s effectiveness for the possible forecasting of the mon-
etary policy, particularly the central bank’s interest rate. The study uses quantitative
methods, particularly VAR modeling. The VAR model is chosen as a proven useful
tool for describing the dynamic behavior of economic time series and forecasting. The
data sample is chosen as Eurozone, the United States, and Japan. The similarity is de-
tected on output gaps implementation in the considered states; however, the variety
in the responses to the financial crisis is revealed. This difference is due to the dif-
ferent sensitivity of economies on the impact of monetary instruments. In particular,
the Japanese economy has a relatively low level of sensitivity to changes in monetary
instruments. In terms of the reactions of central banks to the current economic crisis
caused by COVID-19, then due to the global lockdown and the incredible decline in
economic activity, almost all countries are in a situation of negative GDP gap according
the paper’s approach. However, the measures to mitigate it will vary in different states.

Keywords GDP gap, VAR model, USA, Europe, Japan, financial

and monetary policy, fiscal policy

C01, E58, G21

INTRODUCTION

The contemporary economic theory considers governments and cen-
tral banks’ ability to regulate economic growth. An important part
is played by fiscal and monetary policy. For a long time, principal
tools are under debate on their importance and effectiveness (Chen &
Gornicka, 2020). The final answer is still demanded. Both policies are
based on the assumption that regulation’s task is to achieve a gener-
al equilibrium, in which aggregate demand should be equal not only
to aggregate supply but also to the potential output of the state. Any
deviation from the potential output level is considered a problem that
requires government or central bank regulation. In particular, if the
market equilibrium is less than the potential output, it indicates un-
deremployment, inefficient attraction of resources, and inflation. On
the contrary, if the economy produces more than the potential level,
even more terrible deflationary processes have started.

JEL Classification

The use of fiscal and monetary instruments allows stimulating or
discouraging economic activity. This shifts the equilibrium point to-
wards the potential output level. This response is particularly impor-
tant in an economic crisis when large-scale stimulus measures are tak-
en. The level of such measures largely depends on the magnitude of
the deviation in the potential output level. Obviously, the larger the
gap between actual and potential output, the greater the public policy
measures to keep the economic situation under control. The magni-
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tude of such measures, their role, and timing are vital right now when the world is experiencing one of
the largest economic crises caused by the coronavirus pandemic. Global lockdown, quarantine, some
travel restrictions, social contacts, etc. have led to a significant industry collapse in almost all countries,
a significant reduction in energy consumption, disruption of logistics, and interstate trade.

The response of the leading central banks and governments of almost all countries in 2020 was almost
synchronous: a significant weakening of monetary policy and the introduction of fiscal incentives for
the economy. Simultaneously, this response only leads to an increase in government debt and the de-
valuation of currencies’ purchasing power, but does not address the global attempt to reach sustainable
economic development. Thus, the question of the effectiveness of fiscal and monetary policy measures
arises.

The highlighted challenges are quite broad. Thus, this paper focuses on only one of the tools — monetary
tools (particularly, key interest rates which are currently the main instrument of inflation-targeting cen-

tral banks” monetary policy) to stimulate the economy due to the GDP gap.

1. LITERATURE REVIEW

An important aspect of the analysis is the correct
definition of the GDP gap. As a rule, the GDP gap
(output gap) means the difference between actual
GDP and potential GDP.

Scholars widely discuss the gaps in the tool to fore-
casts cycles and crises, e.g., Schuler (2020) pro-
vides empirical evidence suggesting that the cred-
it-to-GDP gap is subject to spurious medium-term
cycles, i.e., artificial boom-bust cycles with a max-
imum duration of around 40 years. However, most
papers are devoted to the regional combating of
the GDP gap, e.g., Farrell (2014) tested from a
South African perspective how the credit-to-GDP
gap can be used as a guide to making decisions
regarding the countercyclical capital buffer. This
study confirmed that the mechanical application
of the credit-to-GDP guide for the region is not
advisable. In the same tendency, Kauko and T6l6
(2019) considered the trend deviation of the credit-
to-GDP ratio (“Basel gap”) as an early warning in-
dicator of banking crises. They concluded that the
2008 crisis does not dominate the results while the
long sample almost eliminates filter initialization
problems. Analysis of fiscal instruments to com-
bat GDP gaps is given in Kharlamova, Stavytskyy,
Chernyak, Giedraitis, and Komendant (2019),
where the possibility of sustainable economic de-
velopment in Ukraine by the regulating GDP as
it has been experienced in other countries of the
world is tested under the limited information and
in the concept of the natural level of unemploy-
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ment. Remarkable, that mostly 90% of studies
on GDP gap are based on the Hodrick-Prescott
filter (i.e., Kharlamova, Stavytskyy, Chernyak,
Giedraitis, & Kome, 2019; Farrell, 2014; Kauko &
Tol6, 2019; Kocsis & Sallay, 2018; Jonsson, 2019;
Karagedikli & Rummel, 2020).

However, some scholars do not share the view of
the importance of the GDP gap (i.e., Orphanides
& Van Norden, 2002; Hristov, Vandermeulen, &
Raciborski, 2017; Roeger, Mc Morrow, Hristov,
& Vandermeulen, 2019). In particular, Tooze
(2019) initiated scientific concerns on estimat-
ing the benchmark of potential output. The au-
thor attempted to explain how a false exactitude
in economics has led to terrible politics in the EU.
Buti, Carnot, Hristov, Mc Morrow, Roeger, and
Vandermeulen (2019) discuss the criticism anx-
iety and presented some evidence that many of
the criticisms are focused to an excessive degree
on the role of potential output in EU fiscal sur-
veillance, with the practice of surveillance being
much more flexible and less rigid than many com-
mentators tended to suggest. The dispute is still
boosting (Heimberger & Kapeller, 2020).

Note that there are differences in the GDP gap
calculation due to different understandings of the
potential GDP level. On the one hand, the level
of GDP should be achieved under the conditions
of complete and efficient involvement of resourc-
es, technological and demographic development.
However, not all of these factors can be fully tak-
en into account, and, therefore, some research-

http://dx.doi.org/10.21511/imfi.17(3).2020.16
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ers identify several approaches to potential GDP
calculation:

1) institutional approach. Based on the institu-
tional function of Cobb-Douglas, the state
output is estimated under the condition of
complete utilization of capital and labor, tak-
ing into account demographic changes, a con-
stant level of technological improvement (e.g.,
Gazda & Godziszewski, 2011);

2) regression approach. It is used to calculate a
certain long-term trend of actual GDP growth,
which continues for the following periods (e.g.,
Stavytskyy, 2018; Stavytskyy & Martynovych,
2012);

3) the approach is based on unemployment anal-
ysis. According to Oaken’s law, the deviation
from the natural rate of unemployment leads
to a change in GDP level depending on the po-
tential level of GDP (e.g., Blazquez-Fernandez,
Cantarero-Prieto, & Pascual-Séez, 2018):

% Qutput gap = (1)
=—L-% Cyclical unemployment,

where the coefficient p is determined by regression.
This equation can be rewritten as follows:

(Y-0) '
—=-f (u —u ),
Q
where Y is actual output, g is a potential output,
u is actual unemployment, u* is the natural rate
of unemployment, f3 is a constant derived from
the regression to show the relationship between
deviations from the natural output and natural
unemployment.

@

Each of these approaches has its advantages and
disadvantages.

In particular, the first approach can generate the
most accurate estimates but is associated with the
difficult task of a statistical base maintaining.

Although relatively easy one, the second approach
does not indicate which interval to take to assess
the long-term trend. The potential GDP assessment
behavior will significantly depend on the choice of
the initial sample. It is worth mentioning here that

http://dx.doi.org/10.21511/imfi.17(3).2020.16

in early 2008, the US Federal Reserve estimated po-
tential GDP in this way, expecting continued eco-
nomic growth. However, the crisis of 2008-2009
has shown that the economy has not yet reached
the level of potential GDP, shown by Coibion,
Gorodnichenko, and Ulate (2017). Moreover, an-
other disadvantage of this method can be noted
(Drehmann & Tsatsaronis, 2014). For example, at
the end of the year, the central bank calculates the
level of potential GDP to shape policy, but after one
quarter, such a forecast becomes inaccurate due to
the requirement to recalculate the potential GDP
level caused by the changes in the sample, which al-
ready contains data for the first quarter. As a result,
the GDP gap changes for each subsequent quar-
ter of the year. That leads to a change in monetary
policy, representatively (Bank of England, 2014).
However, these cases are quite technical and do not
significantly affect the accuracy of forecasting.

Finally, the third approach has the right to exist
with a constant understanding of who works in
the economy. However, the trends of recent dec-
ades show that more and more people choose the
path of freelance or informal employment, which
leads to the impossibility of determining the real
unemployment, but also, accordingly, the natural
level of employment (Roeger et al., 2019).

2. METHODS

Thus, the GDP gap plays an important role in
shaping the fiscal and monetary policy of the state.
It can be calculated in several ways, but the most
suitable at this stage is a regression approach, tak-
ing into account the rules of sampling to deter-
mine the long-term trend of economic growth.

The paper aims to determine the interaction of the
central bank’s main interest rate and the size of
the GDP gap in the country. So, the research hy-
pothesis is formulated: the states’ central banks
can effectively regulate the GDP gap by altering
the interest rates. The obtained results are aimed
to boost the discourse on the topic by the inter-
national community of financiers, both academics
and practitioners.

For further analysis, the VAR model tool is used,
showing the relationship between the country’s
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main interest rate level and the GDP gap level.
This toolkit allows quantifying the impact of in-
terest rates and exploring it in dynamics through
the use of impulse functions.

Building a vector autoregression model is one of
the most effective methods of analyzing financial
and monetary transmission channels’ impact on
key macroeconomic parameters. The VAR model
allows investigating the relationship of each mod-
el variable’s current values with current and past
(lag) values of all variables included in the model.
In other words, the model enables us to simultane-
ously assess many macroeconomic dependencies,
taking into account their dynamics and relation-
ships. The general technique for constructing a
vector autoregressive model involves selecting in-
puts based on a cause-and-effect relationship anal-
ysis, for which a stationary analysis is then per-
formed. In the case of non-stationary time series,
reduction to a stationary form is carried out by
taking differences of the corresponding order. It
also checks for cointegration to take into account
long-term relationships between variables. In this
case, the vector autoregressive model will include
the so-called error correction mechanism. The last
step is to evaluate the unknown parameters of the
model and analyze the results.

In general, the VAR model is a system of n equa-
tions, which in matrix form can be written as
follows:

180,00
160,00
140,00
120,00
100,00
80,00
60,00
40,00
20,00
0,00

GDP Index, 1.01.1991=100

1999Q1
2000Q1
2001Q1
2002Q1
2003Q1
2004Q1
2005Q1
2006Q1
2007Q1
2008Q1
2009Q1
2010Q1
2011Q1
2012Q1
2013Q1
2014Q1
2015Q1
2016Q1
2017Q1
2018Q1
2019Q1

eFl) GDP_Index

—FJ Rate

Figure 1.

208

yi=ct+Ay +.+4y,_,+ Bx +¢,

where y is a k-measurable vector of endogenous
variables, i.e., those estimated using the model;
xis an m-dimensional vector of exogenous vari-
ables that reflect external influences on the model;
¢ is the vector of constants; A, s Ap and B are
matrices of dimensional coefficients (k x k) and (k
X m), respectively, to be estimated; g, is the error
vector, g, ~ N (0, 0?).

VAR is an economic model that reflects the evolution
and interdependence between variables of multidi-
mensional time series, generalizing one-dimension-
al autoregressive models. VARs were first proposed
by Sims (1980) as an alternative to structural mod-
els, i.e., such models formed based on economic laws
of the economic system (for example, the depend-
ence of Phillips for unemployment and inflation or
Taylor’s rule for the refinancing rate, etc.). Instead, in
the VAR model, all variables are considered simul-
taneously by including for each variable an equation
that explains the evolution (dynamics) of the varia-
ble based on the previous values of the variable and
the lag values of other variables of the model.

This, at first glance, the simple tool allows you to
systematically and internally consistently reflect
the dynamics of multidimensional time series. So,
a long-term trend for the entire observation pe-
riod from the first quarter of 1999 to the fourth
quarter of 2019 is built to determine the GDP gap.

Source: Calculated by the authors.
7,00
6,00
5,00

/

e

Jap_Rate

4,00
3,00
2,00
1,00
0,00
-1,00

Key interest rate, %

Jap_GDP_Index === US GDP_Index

= JS_Rate

Dynamics of GDP indices and key interest rates of the considered countries
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The states of the Eurozone, the United States, and
Japan are selected for the analysis. The analysis is
conducted on the data of three major central banks:
the Fed, the ECB, the Central Bank of Japan. The
same sample is chosen for data comparability. The
real GDP index (as of January 1, 1999, equal to 100)
and each central bank’s key interest rates are used
for the analysis. Specific sources of indicators are
given in TableA1l in Appendix and Figurel.

The value of actual GDP is used to determine the
level of the GDP gap. However, since in all coun-
tries GDP calculated with certain methodological
differences, in national currencies with volatile ex-
change rates, it is decided to use the GDP index in
constant US dollars instead of actual GDP, accord-
ing to the country’s statistical agency. For greater
comparability, all index values are normalized, so
that the 4th quarter of 1999 is taken for the basic.
These values can be seen in Table A2 in Appendix.

3. RESULTS

According to these data, the long-term trend of the
GDP index is estimated. For this purpose, the usu-
al regression is evaluated (Table 1).

Table 1. Estimation of a long-term trend

All models are adequate with significant co-
efficients. Thus, it can be concluded that the
American economy developed much faster than
the European and Japanese. As one can see, Japan
has not yet overcome the consequences of the
“lost decade”. The rate of economic growth in the
United States is more than twice bigger than in
Japan. Using the obtained coefficients, the GDP
gap values were calculated:

gap, = GDP, —long _trend,.

The result of calculating the GDP gap for these
countries can be seen in Figure 2.

As can be seen from Figure 2, the US, EU, and
Japan synchronized economic cycles that led
to similar economic problems and reactions to
change. The only difference is in the EU’s reaction,
which has used more fiscal instruments since the
2008 global financial crisis, while the US has used
monetary stimulus. However, as can be seen from
Figure 2, the difference is not critical. In turn,
Japan does not rely on monetary measures at all.
The graphs of the dependences of the GDP gap and
the key rate dynamics are constructed to illustrate
it (Figure 3).

Source: Calculated by the authors.

Model criteria EU

Japan

R? 0.899

0323
0000

0208
0000
0.857

8,00

1999Q1
2000Q, L
2001Q2
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200504

—EU_gap

— | p_gap

Source: Calculated by the authors.

US gap

Figure 2. Dynamics of GDP gaps of the considered countries
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Source: Calculated by the authors.
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Figure 3. Dependence of the GDP gap and the dynamics of the key rate in selected countries

Thus, the reaction to GDP gaps in these countries
differs significantly. In particular, the ECB is try-
ing to respond to the positive gap by raising rates.
The Bank of Japan makes insignificant and ex-
tremely rare changes in interest rates. In the Fed,
the GDP gap response is fairly standard: with

210

a positive gap - rates increase, with a negative —
rates approach 0.

However, the correct identification of the VAR

model requires that the time series be stationary.
The stationarity is understood as the invariance

http://dx.doi.org/10.21511/imfi.17(3).2020.16
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in time of mathematical expectation, variance,
and covariance of the time series. The stationary
requirement is necessary to obtain unbiased esti-
mates of VAR-model coeflicients’ matrices by the
least-squares method. Therefore, the input data are
to be checked on stationarity using the augment-
ed Dickey-Fuller test. This test’s main essence is
to calculate the ADF statistics for the series itself,
then for the first, second, etc. differences. The sta-
tionary condition is satisfied if the ADF statistics’
value does not exceed the corresponding critical
value. In this case, a series whose k-th differences
are stationary is called an integrated series of k-th
order and is denoted by I(k). The stationary series
is denoted by I (0).

The Augmented Dickey-Fuller test is performed,
which shows that all variables are non-station-
ary in levels, but stationary in the first differenc-
es (see Table A3 in Appendix). Thus, it is appro-
priate to build a model in the first differences of
variables.

The next step is to select the optimal number of
lags for the VAR model. The results of the analysis
are shown in Table 2.

Table 2. Test results for the length of the lag in
models

Source: Calculated by the authors.

Model : LR FFE @ AIC : SC : HQ
USA 11 1 11

Thus, two lags are chosen for the European model,
and one lag for the Japanese and American mod-
els. The results of the model evaluation are given
in Table A4 in Appendix.

The impulse functions for each country are con-
structed based on the evaluated models. For the
European Union (Figure 4), it can be seen that the
shock of the GDP gap plays a significant role for at
least 9 quarters, reaching a maximum impact in

Source: Calculated by the authors.

Response to Cholesky One S.D. Innovations + 2 S.E.

Response of EU_GAP to EU_GAP

Response of EU_RATE to EU_GAP

Response of EU_GAP to EU_RATE
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0.5 ]

0.0 e I I

-0.5 |

-1.0

Response of EU_RATE to EU_RATE

Figure 4. Impulse functions for the EU
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Source: Calculated by the authors.
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Figure 6. Impulse functions for the USA
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the 4th quarter. Therefore, avoiding such shocks is
an important task of the ECB. Simultaneously, the
impact of changes in interest rates reaches a maxi-
mum in a year, gradually decreasing over 2.5 years.

For Japan, the situation is significantly different
(Figure 5). The impact of the GDP gap shock is ob-
served only for 1 period, and the impact of interest
rate changes — for 2 quarters. Thus, the interven-
tion of the Central Bank of Japan has a very short-
term effect.

The USA occupies an intermediate position
between the considered states (Figure 6). The
shocks have an obvious effect for 2 quarters,
and the Fed rate’s impact - for at least 3 quar-
ters. Simultaneously, in contrast to Japan, the
new rate determines the change itself for a
long time (up to 6 quarters); meanwhile, this
effect ends after two quarters in Japan.

The variance decomposition in these models
turns out that EU_RATE variance due to EU_
GAP is from 40% in the first period to 80% after
9 periods. In the US and Japan, this percentage
is between 10 and 20%, indicating that the rate
remains a fairly effective mean of combating
GDP gaps in the EU.

4. DISCUSSION

Of course, several important aspects of this pa-
per are not fully considered. In particular, the
effect of other monetary policy channels is not
enough disclosed, e.g., changes in the money
supply and various operations to maintain li-
quidity in financial markets through the gov-
ernment bonds issued. The impact of monetary
channels on other aspects of the economy, par-
ticularly inflation and unemployment, is not
considered. Another unresolved issue is the
study of the asymmetric effects of positive and
negative GDP gaps. Monetary policy may dif-
fer during periods of economic boom and bust
(e.g., Kangur, Kirabaeva, Natal, & Voigts, 2019).
However, additional analysis is needed to deter-
mine the level of these differences.

Another discussable aspect is supposed to be
in studying the changing role of interest rates

http://dx.doi.org/10.21511/imfi.17(3).2020.16

in many countries. So far, almost all countries
have faced either lower interest rates (Eastern
European countries) or the lowest possible val-
ues (Switzerland, Denmark, etc.). It is shown in
the research that this situation leads to limited
opportunities for the state to stabilize the econ-
omy and increase fiscal influence, which only
complicates the problems with debt payments.
Also, since low rates have persisted for a long
time, it leads to a change in the economy and
investments structure. In particular, at low-in-
terest rates, incentives to keep deposits in banks
are lost (Lumsden, 1990), and, accordingly,
there is an accumulation of money from people
who do not work in the economy. However, af-
ter some time, in the event of a revival of eco-
nomic activity, these funds will be directed to
the real economy, which will result in a surge
in inflation.

Another aspect of low rates in developed coun-
tries is also worth to be noted. Due to the policy
of cheap money and the actual impossibility of
investing within developed countries, there is
a demand for risky transactions abroad. Thus,
significant speculative capital is formed, which
significantly increases the volatility of emerg-
ing markets and increases losses from the up-
coming financial crisis.

The results are obtained for developed coun-
tries (USA, Japan, EU countries) and are slight-
ly different from those obtained for develop-
ing countries. In particular, Brandao-Marques,
Gelos, Harjes, Sahay, and Xue (2020) showed
that there are significant transmission changes
in monetary rates to output and prices. However,
it should be mentioned that other studies claim
that the stabilization of short-term interest rates
is the main operational goal of central banks, i.e.,
changes in rates generally negatively affect the
country’s economic performance (Mahle, 2020).
Thus, it is obvious that there is currently no clear
economic opinion on the feasibility of actively
changing interest rates, and therefore banks are
using traditional tools to combat GDP gaps.

Thus, there is currently no clear economic opin-
ion on the feasibility of actively changing inter-
est rates, and therefore banks are using tradi-
tional tools to combat GDP gaps.
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CONCLUSION

This paper examines the impact of monetary instruments, particularly the key rate of central banks on the
size of the GDP gap. The GDP gap is considered the deviation from the level of potential GDP, which is deter-
mined by the long-term GDP trend. For correct assessments of the long-term trend, the GDP value is normal-
ized to the corresponding deflator level and translated all values into constant US dollars for comparability,
which allowed calculating comparable GDP indices. The GDP gaps for the European Union, Japan, and the
United States were calculated based on this. It showed that the size and direction of GDP gaps are quite simi-
lar for the countries considered. The only difference is the response to the global financial crisis of 2008-2009.
This difference is due to the different sensitivity of economies on the impact of monetary instruments. In
particular, the Japanese economy has a relatively low level of sensitivity to changes in monetary instruments.

The VAR models investigate how the interest rate channel is related to the shock GDP gaps in the analyzed
countries. It has been shown that this channel has the greatest and most significant influence in the European
Union. Despite the current negative rates, the economy’s response to changes in rates remains active, ac-
counting for 80% of the GDP gap changes. This explains the so-called quantitative easing in these countries,
as the main channel is no longer operational.

This study attempts to be valuable in terms of studying the reactions of central banks to the current economic
crisis caused by COVID-19. Due to the global lockdown and the incredible decline in economic activity, al-
most all countries face a negative GDP gap. It was found out from the considered models, a simple reduction
in rates may not help all countries. In particular, if in the EU such a policy seems promising, in Japan its effect
will be very low, and in the USA- short-lived one. Thus, given the huge GDP gap, other channels should be
expected to be used, which will create the preconditions for the strengthening of the euro.
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APPENDIX A

Table A1l. Variables for the models

Source: Authors.

Country Data ;  Transformation Link
. i Average between a
USA EZ:SC:r:laellf/eAd;LasltE;nds Rate, Percent, Monthly, Not montfto get quarterly : https://fred.stlouisfed.org
Réal Grosé Domeéﬁc Prod[Jct, Chai‘ned DoI'I‘ars : Normallzatlontolevel https://apps.bea.ng/iTable/iTabIe.cfm?r .
USA [Bi_IIions of chained (2012) dollars] Seasonally ; 199604 = 100) eqid=19&step=2#reqid=19&step=2&isuri
adjusted at annual rates ) N =1&1921=survey
: Gross domestic product at market prices — Euro :
area 19 (fixed composition) — Domestic (home or Normalization to level http://sdw.ecb.europa.eu/quickview.
EU reference area), Total economy, Index, Chain linked (199604 = 100) do?SERIES_KEY=320.MNA.Q.Y.I8.W2.51.
volume (rebased), Non-transformed data, Calendar S1.B.B1GQ._Z. Z._Z.IX.LR.N
i and seasonally adjusted data
e H H H : https://www.bundeusbank.de/statistic—
EU ECB’s deposit facility rate/End of the month I::s:z:ff level for gﬁgzsézli?;izy;cf;ﬁ::;?55501
...................................................... fileFormat=csv&mode=its
Japan The Basic Discount Rate and Basic Loan Rate I::szg:ff level for ;ﬁ?ﬁ;ﬁﬁ:&iﬁjjﬁ:&c&:ﬁ'Or'Jp/SS|/
Japan G'I"'OSS Do&wesﬁc P'r‘oduct b'\‘/ Expenditurg inHConstar;f ...... Normallzat‘lontolevel https://fred.stlouisféd.org/series/
Prices, Index 2015 = 100, Seasonally Adjusted (1996Q4 = 100) NAEXKPO1JPQ661S
Table A2. Data set for the models
Period EU_GDP_Index EU_Rate Jap_GDP_Index Jap_Rate US_GDP_Index US_Rate
19991 i 100.97 2.00 9873 i 0.50 100.95 4.73
1999Q2 . 101.55 1.50 99.07 0.50 101.72 4.75
1999Q3 102.72 1.50 99.63 0.50 103.06 5.09
199904 103.93 1.83 99.69 0.50 104.81 5.31
2000Q1 105.19 2.25 101.49 0.50 105.19 5.68
20002 106.11 2.92 10177 0.50 107.11 6.27
2000Q3 106.74 3.33 101.85 0.50 107.25 6.52
200004 107.44 3.75 10284 0.50 107.92 6.47
20011 108.50 3.75 10340 0.39 107.62 5.59
200002 108.60 358 10289 0.25 108.24 433
2001Q3 108.76 3.17 101.85 0.23 107.80 3.50
2001Q4 108.91 2.42 101.53 0.10 108.09 2.13
20021 108.95 2.25 10171 0.10 109.03 1.73
2002Q2 109.57 2.25 102.46 0.10 109.69 1.75
2002Q3 110.02 2.25 102.79 0.10 110.18 1.74
200204 110.21 2.08 103.05 0.10 110.35 1.44
2003Q1 . 109.80 1.67 103.14 0.10 110.97 1.25
20032 i 109.92 1.33 10379 i 0.10 111.92 1.25
200303 110.54 1.00 10419 0.10 113.82 1.02
20034 111.36 1.00 10534 0.10 11513 1.00
2004Q1 . 111.93 1.00 106.09 0.10 115.74 1.00
2004Q2 112.59 1.00 106.10 0.10 116.62 1.01
2004Q3 112.87 1.00 106.76 0.10 117.73 1.43
200404 113.30 1.00 10654 0.10 118.91 1.95
200501 113.55 1.00 107.06 0.10 120.22 2.47
20052 i 114.23 1.00 10777 i 0.10 120.78 2.94
200503 115.07 1.00 10881 0.10 121.85 3.46
200504 11578 1.08 10900 0.10 122,62 3.98
2006Q1 ¢ 116.83 1.33 10921 & 0.10 124.25 4.46
200602 118.09 1.58 10947 0.10 124.54 4.91
2006Q3 118.78 1.92 109.28 0.36 124.74 5.25
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Table A2 (cont.). Data set for the models

Period EU_GDP_Index EU_Rate Jap_GDP_Index: Jap_Rate US_GDP_Index US_Rate
200604 12019 2.3 11070 040 12580 5.25
2007Q1 120.94 258 111.52 0.5 126.10 5.26
20072 12178 2.83 1165 075 1268 5.25
2007Q3 1231 3.00 11109 075 12751 5.07
200704 122.99 3.00 111.61 075 128.28 4.50
200801 1355 3.00 11190 075 12754 3.18
20082 12313 3.00 11148 075 12820 2.09
200803 12247 3.25 110,09 0.75 12751 194
200804 1036 267 10741 055 12475 0.51
200901 11657 0.83 102.28 030 | 12335 0.18
200902 11653 0.25 104.42 030 | 12317 0.18
20093 11696 0.25 10448 030 | 12362 0.16
20004 11757 0.25 10590 030 | 12498 0.12
20001 11799 0.25 1068 . 030 | 12546 0.13
2010Q2 11916 0.25 108.27 030 | 12662 0.19
201003 119.68 0.25 110.22 0.30 12755 0.19
201004 1043 0.25 10931 030 12819 0.19
20101 12144 0.25 10779 030 | 12788 0.16
201102 12145 0.50 107.09 030 | 12880 0.09
201103 12156 075 10975 030 | 12876 0.08
201104 12113 0.50 10957 030 | 13025 0.07
20120 12086 0.25 1090 030 | 13127 0.10
201202 12047 0.25 1010 030 | 13184 0.15
201208 12036 0.00 10967 030 13202 0.14
201204 11986 0.00 10996 030 | 13216 0.16
20131 11937 0.00 11131 030 | 13334 0.14
20132 12002 0.00 1217 030 | 13350 0.12
201303 12041 0.00 1310 030 | 13455 0.08
201304 120.69 0.00 113.06 0.30 135.62 0.09
201401 1124 0.00 114.19 030 | 13524 0.07
o2 12147 003 1200 03 | 13707 0.09
20403 12205 013 1210 030 | 13874 0.09
201404 12258 020 1265 030 | 1395 0.10
201501 12347 020 114.20 030 14062 0.1
0152 12398 020 1433 030 | 14166 0.12
201503 12454 020 142 030 | 14213 0.14
201504 12509 023 1382 030 1wy 0.16
201601 12585 033 1439 030 14289 0.36
20162 12620 040 1456 030 | 14356 0.37
201603 126.76 ~0.40 114.81 0.30 144.34 0.40
201604 1772 040 11513 030 14507 0.45
207010 12858 040 11645 030 | 14589 0.70
20702 12949 040 11689 030 | 14667 0.95
201703 13047 040 11755 030 | 14783 115
20704 13151 040 1807 030 | 14912 120
201801 131.86 . -0.40 1752 030 | 15006 145
201802 13234 040 1810 030 | 15136 174
201803 13260 040 11710 030 | 15246 192
201804 13311 040 117.80 030 15287 2.22
200001 13373 040 11845 030 | 15404 240
20092 13393 040 1911 030 | 15481 240
200903 13434 043 1915 030 | 15562 2.19
201904 13448 050 11699 030 15644 164
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Table A3. The

stationarity test

Source: Authors’ calculations.

Variable

t-statistic

Level

First differences
t-statistic 5

Prob.*

US_rate

2781188
~ -1.409995

.. ~1498962
—2.553206

24370005
LT A47000

L0278

—3.643646

Note: *MacKinnon (1996) one-sided p-values.

Table A4.1. VAR model assessed for the EU

Variable EU_GAP EU_RATE
...... 1.751175 0191572
EU_GAP(-1) (0.12539) (0.05304)
B iy
...... -0.795508 -0.197678
EU_GAP(-2) (0.12147) (0.05138)
S e a0
-0.587124 1.239420
EU_RATE(-1) (0.28783) (0.12175)
T 101500
0.549395 -0.259447
EU_RATE2) (0.289:66) (0.12252):‘
"""""""""""""""""""""""""""" [1.89670] [-2.11756]
0.033648 -0.013457
c S o 003447
"""""""""""""""""""""""""""" [0.41288] [-0.39037].
R-squared 0.959688 0.970796
Table A4.2. VAR model assessed for Japan
Variable 5 D(JAP_GAP) D(JAP_RATE)
7510 0.006854 ..
DUAP_GAP(-1)) 480) (0.00618)
. 0540 S s
0.365727
ouAe_RATEL1) S e
""""""""" [3.28049]
-0.001831
c 012010 S e
""""""""""""" 970] [-0.30688]
R-squared 0.040478 0.186451
Table A4.3. VAR model assessed for the USA
Variable : D(JAP_GAP) D(JAP_RATE)
0.191283 0.041937
D(US_GAP(-1)) (0.11857) (0.05418)
"""""""""""""""""""""" [1.61326] [0.77410]
0.504182 0.669288
D(US_RATE(-1)) (0205 (0.09390)
"""""""""""""""""""""" [2.45324]  [7.12748)
0.073653 —0.020067
c (o743 (003388)
[0.99328] [-0.59229]
‘R-squared 0177841 0.493616
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