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Abstract 
The purpose of this study is to examine the relationship between the ex-post inflation rates in the G7 countries, using a connectedness approach. Results obtained by both the static and dynamic analyses confirm US (Italy) as the main leading transmission (Absorption) channel of inflation. The dynamic analysis shows that the magnitude of inflation spillovers strengths during the outbreak of the COVID-19 period and earlier market crises such as the 2008 subprime and the 2011 European debt crises. The results may be important for policy makers at both the firm and country level, seeking for monitoring and mapping the evolution of Inflation.  
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Highlights

· We explore the ex-post inflation connectedness between the G7 countries  
· TVP-VAR analysis has been employed for both a static and dynamic evaluations
· The static analysis poses US (Italy) as the main transmitter (receiver) of shocks
· The dynamic analysis shows that the magnitude and direction may change across time
· The connectedness grows during the 2008 and 2011 crises, and the COVID-19 outbreak
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1.  Introduction

One of the major economic consequences of the COVID-19 outbreak is the leap in inflation. The annual inflation rate in the US, for example, accelerated in January 2022 hitting 39-year high of 7.5%. In parallel, the inflation rate in other developed and developing countries exhibited similar direction and pattern.  
One of the questions that still concerns monetary policymakers is whether inflation rates are primarily driven by national or international factors (Bernanke, 2007; Draghi, 2016). While it is well established that inflation co-moves globally (e.g., Ciccarelli and Mojon, 2010; Mumtaz and Surico, 2012 Qadan and Yagil, 2015), the spillover of inflation between countries is not sufficiently understood. Although theory suggests that inflation rates could co-move between economies (e.g., Wand and Wen, 2007), empirically there seems no attempt to assess the connectedness and the spillovers direction of inflation globally. Hence, the objective of this paper is to fill this gap and extend the literature by analyzing the transmission of inflation across the G-7 economies, and to get an up-to-date picture on the interdependence of inflation between countries. This issue is particularly important in light of the recent developments resulting from the outbreak of the pandemic. In addition, from the perspective of the monetary policymakers, understanding whether inflation in other countries influence domestic inflation is a key factor in designing optimal monetary policy.  
To accomplish this task, we use monthly CPI inflation rates for the period 1990-2021 and attempt to explore the inflation dynamics between these countries using the extension of Antonakakis et al. (2020) to the variance decomposition methodology suggested by Diebold and Yilmaz (2009, 2012, 2014). Understanding to what extent inflation in foreign country seeps into the inflation in the domestic one is key in assessing the vulnerability of domestic households to foreign price shocks. 
Our results demonstrate that the US, France, and Canada function as net transmitters of inflation shocks, whereas Italy, UK, Japan, and Germany are the net receivers of shocks. US is the dominant among the transmitters while Italy is the main recipient of inflation shocks. In addition, the total inflation connectedness of the G7 countries strengths mainly during several financial crises, such as the 2008 subprime crisis, the European debt crisis, and during the outbreak of the COVID-19 pandemic.
This study adds to the literature on inflation and interest rate spillovers (e.g., Ciccarelli and García, 2021; Auer et al., 2019; Umar et al., 2022) by testing the connectedness of inflation across the G7 economies which can also may help to understand the behaviour of interest rates. Finally, understanding the dynamics of international inflation is important for currency unions, economic entities exposed to inflation risk, inflation forecasting and the designing of monetary policy.

2. Data 

Our data consist of the monthly consumer price index of the G7 countries. The sample covers the period January 1990 to December 2021. The data come from the OECD website (https://www.oecd.org/) and is determined by availability. We focus on G7 countries as they share common economic features such as their being open economies, have floating currency exchanges, flexible prices and similarly exposed to energy prices shocks. As there are periods to which inflation values are unchanged, we follow Antonakakis et al. (2018), and compute the first difference to the level series to ensure stationarity.[footnoteRef:1] Table 1 presents the descriptive statistics of the inflation rate in the G-7 countries. All variables are stationary as reported by the ERS unit root test (Elliott et al 1996). [1:  Appendix A shows the first difference series across the sample period.
] 


3. Methodology 
While Diebold and Yılmaz (2009, 2012, 2014) connectedness approach is a well-common practice, it has mainly the limitation of a random selection of the length of the rolling window. We follow Antonakakis et al. (2020) by utilizing a time-varying parameter vector autoregressive model (TVP-VAR). On the other hand, Antonakakis et al. (2020) approach, offers several advantages. The time-varying parameter prevents the possible loss of observations and has been shown to be more robust for outliers. and particularly for small samples. 
For brevity, we present below a shortened description of the TVP-VAR approach. The full development and definition of the TVP-VAR methodology are offered in Antonakakis et al. (2020).
The TVP-VAR(p) model can be outlined as follows: 
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where  and  are  and  vectors, respectively, and  depicts all information in period .  and  denote  and  dimensional matrices, respectively.  and  are , and  vector, respectively. 
The time varying variance-covariance  and  matrices are  and  , dimensional vectors, respectively. The vectorization of  presented by  is an  dimensional vector.
If  is covariance stationary, Eq. (1) can be transformed into a vector moving average (VMA) representation of the Wold representation theorem:
	, 	(3)
where  is an  infinite lag polynomial matrix of coefficients, which feed into the calculation of the generalized forecast error variance decomposition (GFEVD) (Koop et al., 1996; Pesaran and Shin, 1998). 
The GFEVD is given by , which determines the pairwise directional connectedness from variable  to  as follows:
	,	(4)
with,  , , where  is the forecast horizon, and  is the selection vector, with unity in the th position and zero otherwise. Following former studies (e.g., Aharon, Umar and Vo 2021, Aharon and Demir, 2021 and Diebold and Yilmaz 2009, 2012, 2014) we define H=10. We utilize a Kalman filter approach, outlined in Antonakakis et al. (2020) and Chatziantoniou and Gabauer (2021) to obtain the measures of dynamic connectedness.
The total connectedness index, (TCI) which measures the average share of one variable’s forecast error variance explained by all other variables:
	 	(5)
	
The total directional connectedness TO measures the percentage contribution of a shock in variable  to the forecast error variance of all other variables :
	.	(6)
Next, the total directional connectedness FROM measures the percentage contribution to the forecast error variance of variable  of shocks in all other variables :
	. 	(7)
Finally, for the net directional connectedness, we subtract the total directional connectedness TO others from total directional connectedness FROM others:	
		(8)
A positive (negative) value hints that variable  is a transmitter (receiver). 

4. Results and Discussion
We begin our discussion of results with a static connectedness framework, and then turn to analyse the connectedness in a dynamic fashion across time. Table 2 presents the static analysis while the dynamic connectedness analysis will be discussed using Figures 2-3. 
4.1 Static connectedness analysis
Table 2 reports the full sample connectedness findings over the period January, 1990 to December, 2021 for a 10-day-ahead forecast error variance decomposition. The TCI (total connectedness Index) hints that a substantial portion of the variation of the inflation shocks is determined by the cross-relationships in the system. Meaning, on average, about 40.51% of total variance of forecast errors of the G7 inflation variation is determined by the cross-countries innovations. The “NET” value is the substruction of “TO-FROM” for each G7 country and determines its net role in the examined network. The results described in Table 2 hint that US, France, and Canada function as net transmitters of inflation shocks, whereas Italy, UK, Japan, and Germany are the net receivers of shocks. Interestingly, the most influential transmitter appears to be the US, while Italy is the main receiver of inflation shocks. Both Germany and Japan also exhibit the highest diagonal elements (own variance percentage), which imply that they are mostly self-dependent. Nearly 71.85% (68.81%) in Japan’s (Germany’s) inflation variation are determined by its own shocks. Figure 1 visualizes the static analysis results and conform to the interpretation above. It is clear from the size of nodes in the figure that US is the main transmitter, whereas Italy is the main receiver of inflations shocks, i.e., Italy tends to be more influenced by other countries rather than affecting others.
To complete our investigation and to overcome the limitation of the static analysis, being an average across time, we turn to a dynamic connectedness analysis, which can help us to have a better inspection to the role that each country fulfils during the sample period.
4.2 Dynamic spillover analysis
Figure 2 visualises the total connectedness index and the Adjusted total connectedness index (Gabauer, 2021; Chatziantoniou and Gabauer (2021). Both indices confirm high inflation interconnectedness in different periods through the sample years and that inflation connectedness is far from being constant across time. Higher records are mainly found around turbulent times such as the 2008 subprime crisis, the 2011 European debt crisis, and the 2013 Debt ceiling crisis. Also, high level of connectedness observed during the COVID-19 outbreak.
Figure 3 describes the dynamic NET spillover (TO minus FROM) of each variable.[footnoteRef:2] As can be seen form this figure, US, France, and Canada is a clear transmitter of inflations shocks, although during COVID-19 France seems to turn into a receiver of shocks. Italy, UK, Japan, and Germany are main recipients of inflation shocks spillovers. There are, however, certain exceptions in the case of Germany and Japan, where there are specific periods where they act as net transmitters and as net receivers in others.  [2:  Appendix B presents the evolution of the FROM and TO series. 
] 

5. Conclusions  
In this study, we investigated the static and the dynamic connectedness of inflation in the G-7 countries in the years 1990-2021. For this purpose, we follow the approach of Antonakakis et al. (2020) and utilized a TVP-VAR methodology for the ex-post monthly inflation rates. Our findings reveal that the US dominates in driving inflation among the G-7 countries, whereas France appears to be the main recipient of inflation shocks. Interestingly, while Japan as well as Germany economy are net recipients of inflation shocks, it seems that much of their inflation variation is idiosyncratic. The results may be important for different financial agents at both the firm and country level, seeking for monitoring and mapping the evolution of Inflation. Monetary policy makers at the country level may find this information useful for a better monetary design. Firms operating internationally, may find this piece of information useful for a better plan of their business planning.  
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Table 1: Descriptive Statistics 
Notes: The table reports the summary statistics for our key variables. The descriptive statistics reported here are monthly based. The reported descriptive statistics are: Mean, Median, Maximum, Minimum, Skewness, kurtosis (Kurt), Jarque-Bera test and its corresponding probability and finally, the total number of observations for the common sample is (N). All variables are stationary. Results are available upon request. ***, **denotes significance at the 1% and 5%, respectively.
	
	CANADA
	FRANCE
	GERMANY
	ITALY
	JAPAN
	UK
	US

	 Mean
	0.140
	0.108
	0.128
	0.147
	0.033
	0.163
	0.168

	 Median
	0.158
	0.110
	0.093
	0.172
	0.000
	0.200
	0.169

	 Maximum
	1.659
	1.030
	1.213
	0.700
	2.036
	1.300
	1.055

	 Minimum
	-0.948
	-1.000
	-1.026
	-0.700
	-0.916
	-0.700
	-1.750

	 Std. Dev.
	0.312
	0.261
	0.316
	0.186
	0.334
	0.266
	0.296

	 Skewness
	0.181
	-0.228
	-0.142
	-0.729
	1.132
	-0.098
	-0.752

	 Kurtosis
	4.817
	4.548
	4.245
	5.037
	8.566
	4.692
	8.332

	 Jarque-Bera
	54.902
	41.681
	26.108
	100.448
	577.722
	46.441
	491.171

	 Probability
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000
	0.000

	ERS Test
	-4.141***
	-8.424***
	-5.195***
	-2.301**
	-3.143***
	-8.149***
	-3.893***

	 N
	384
	384
	384
	384
	384
	384
	384

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	











Table 2: Static Connectedness Tables
 The table reports the connectedness measures between the system variables under a TVP-VAR (1) approach. The VAR order is determined by the Bayesian information criterion (BIC). The sample period is (January 1990 - December 2021). The values “TO” (“FROM”) express the total spillovers transmitted (absorbed) by a single G7 country to (from) all remaining countries
	
	Canada
	France
	Germany
	Italy
	Japan
	UK
	US
	FROM 

	Canada
	59.75
	6.81
	3.12
	3.71
	0.63
	1.38
	24.61
	40.25

	France
	9.31
	47.75
	7.98
	7.79
	3.5
	13.19
	10.47
	52.25

	Germany
	4.87
	10.67
	68.81
	5.37
	1.92
	3.83
	4.53
	31.19

	Italy
	5.22
	12.61
	8.44
	59.24
	1.55
	2.98
	9.95
	40.76

	Japan
	2.48
	5.83
	1.33
	0.91
	71.85
	13.05
	4.55
	28.15

	UK
	5.23
	15.86
	3.82
	1.5
	11.69
	56.76
	5.13
	43.24

	US
	21.67
	10.34
	4.79
	7.15
	2.01
	1.8
	52.23
	47.77

	TO
	48.77
	62.12
	29.49
	26.44
	21.31
	36.23
	59.24
	283.6

	Inc. own
	108.52
	109.87
	98.29
	85.68
	93.16
	92.99
	111.48
	TCI=40.51

	NET
	8.52
	9.87
	-1.71
	-14.32
	-6.84
	-7.01
	11.48
	

	NPDC
	1
	2
	4
	6
	4
	3
	1
	




Figure 1: Static Net Connectedness
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Notes: The above graphical descriptions illustrate the symbiosis network connectedness of the system variables. Blue (Brown) nodes illustrate net transmitter (receiver) of shocks. Vertices are weighted by averaged net pairwise directional connectedness measures. Size of nodes represent weighted average net total directional connectedness. 

[image: ][image: ]Figure 2: Total Connectedness Index
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Notes: Total Connectedness Index. The figures above track the total connectedness index across time and the Adjusted total connectedness index (Gabauer, 2021 and Chatziantoniou and Gabauer 2021). The values in the vertical axis are the total connectedness index (%). That is, the average proportion of the variation which can be referred to the interaction between the network variables. 
Figure 3: Dynamic Net Connectedness Index 
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Notes: The above graphs depict the dynamic NET spillover (TO minus FROM) of each variable versus the rest of the system variables in terms of returns. The role is determined by the value of the connectedness. Positive (Negative) values imply transmission (absorption) mechanism of a certain system variable.







Appendix A
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First Difference for the Raw Series


Notes: The above graphs depict the first difference for the consumer price index for each country thorough the sample period. 

Appendix B
Dynamic TO Connectedness Index 
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Dynamic FROM Connectedness Index 
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Notes: The upper graph depicts the dynamic contribution of each country TO the G-7 network, while the bottom graph describes the absorption of shocks of each country FROM the G-7 network.




1

image1.png




image2.png
55

50

1998 2000 2002 2004 2006 2008




image3.png
50

49

0

20

10

1995

2000

2005

2010

2015

2020

= TCL adi.
=Ta




image4.png
60

2008 2010 2012 2014 2016 2018 2020 2022




image5.png
20

[N

-20

2000 2010 2020

m
.
a0 ===

2000 2010 2020

——neTus
= NET UK

= NET Japan
= NET Italy
== NET Germany
= NET France
== NET Canada




image6.png
1
1 0.5

1

Canada

0.5 France
0 0 Germany
0
Zos -0.5 Ttaly
1 _1 1 Japan
2000 2010 2020 2 2000 2010 2020 2000 2010 2020 UK
0.5, 1 — Us
1
0.5]
0
0 0
-0.5 0.5
-1
2000 2010 2020 2000 2010 2020 2000 2010 2020
1
0

2000 2010 2020




image7.png
0 50 50
==Tous
50 50 &0l =—TouK
a0y 40 aof == T0Japan
20 20) 20 =0 Italy
o o o == TO Germany
2000 2010 2020 2000 2010 2020 2000 2010 2020 — 70 France
0 50 50 = TO Canada
50 EY B
a0
20] 20 20f
of o of

2000 2010 2020 2000 2010 2020 2000 2010 2020





image8.png
60 &0, &0 = FROM US
e m w0 = FROM UK.
== FROM Japan
20) 20) 20| == FROM Italy
o o o === FROM Germany
2000 2010 2020 2000 2010 2020 2000 2010 2020 — rrow France.
== FROM Canada
s} &0 &0
a0l a0 0]
20] 201 20f
of o ol
2000 2010 2020 2000 2010 2020 2000 2010 2020

2000 2020





