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Abstract 
The recent bouts of crises in the Europe and the US have spurred increasing interest on the co- 
movement of output and stock market across the European countries. The evidence of such co- 
movements is rooted mainly from the spillover of uncertainty among the European countries. 
Hence, using a new uncertainty index from Baker et al. [1], we investigate both the time-vary- 
ing as well as frequency based co-movement of uncertainty in the selected European countries. 
Our results suggest both time and frequency varying co-movement of the uncertainty indices. 
In particular, these co-movements are found to be more pronounced during the crises periods. 
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1. Introduction 
The vast body of literature in economics and finance focuses the co-movement of output, commodity prices and 
stock prices [2]-[4]. Nevertheless, the knowledge of uncertainty co-movement across nations is much more im-
portant than the co-movement of stock prices and output. Since uncertainty incurs costs and loss for the econo-
my, it is useful for policy makers to know the synchronization of uncertainty across countries. The recent emer-
gence of financial crisis has lead to the renewed interest in analyzing the co-movement of output, commodity 
prices and stock prices. A significant amount of literature focuses on the time and frequency varying co-move- 
ment in stock prices and output using wavelets [2] [5] [6]. However, noteworthy point is that the co-movement 
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in these macroeconomic variables and cause of economic crisis is the rooted spillover of uncertainty among the 
more connected countries and this question we address in the present study.1 Since our study period is characte-
rized by the periods of crisis and tranquility, the time varying co-movement is of particular interest, because pe-
riods of uncertainty and tranquility could indicate different nature of co-movements. The motivation for study-
ing the uncertainty co-movement at different frequencies for this study arises out of the fact that the key drivers 
of uncertainty like fiscal, monetary and real factors operate at different frequencies.2 For example, output uncer-
tainty may transmit to other countries at business, Juglar or Kuznets cycles. Similarly, inflation uncertainty 
could flow to other countries because shocks to the international prices of the imported goods are not adjusted 
by exchange rates. These shocks flow to domestic consumer prices over the short to medium frequencies. Yet, 
the stock market uncertainty may be transmitted at different trading frequencies to other countries by the hete-
rogeneous behavior of investors. Since output, inflation and stock market uncertainty form important compo-
nents of overall uncertainty, it is important to know how uncertainty is synchronized between countries both 
over time as well as over frequencies. Thus uncertainty co-movement in our case may be defined in terms of 
co-movement of uncertainty pertaining to the socio-economic variables. We investigate both of these issues us-
ing the wavelet based measure of cohesion for uncertainty indices of selected European countries. 

The innovation of this paper has been done in two ways. First, we test the time varying co-movement of un-
certainty in the major pair wise European countries. Second, we investigate this co-movement at different fre-
quencies with defined time dynamics. Last but not least major contribution of this study lies in analyzing, for the 
first time, the co-movement of uncertainty in the major European countries using new index of uncertainty. Our 
results are interesting and unravel both time varying as well as frequency varying co-movement of uncertainty 
which could not have been obtained by following the time domain or frequency domain approach only.  

The organization of the paper follows as. Section 2, the methodology describing the wavelet based measure of 
co-movement is described. In Section 3, results are described and discussed. Section 4 draws the conclusion.  

2. Methodology 
The technique of wavelet transformation enables us to understand the evolution of a signal or time series across 
time as well as over frequency. It adjusts the time resolution to the frequency; narrows down the window width 
on high frequencies and widens while dealing with low frequencies. It makes use of local base functions that can 
be translated and stretched into both time and frequency. Moreover, the Wavelets are characterized by finite 
energy such that they grow and die out within a period. Mathematically, the Wavelets are defined as  
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where, τ  is the translation parameter, s  is the dilation parameter, 1
s

 is a normalization factor and ( ),s tτψ   

are elementary functions obtained by decomposition of a time series through wavelet transform and are derived 
from a time-localized mother wavelet ( )tψ  [7]. 

The convolution of continuous wavelet transform (CWT) of a time ( )x t  series with respect to ( )tψ  is 
given by;
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where, * denotes the complex conjugate. 
Moreover, several interesting quantities can be captured within wavelet domain. The measure of wavelet 

power spectrum that captures the relative contribution at each time and at each scale to the time series’ variance 
is defined as ( ) 2

,xW sτ . Further, the measure of cross-wavelet spectrum that captures the covariance between 
two time series [say, ( )x t  and ( )y t ] in the time-frequency space [ ( ),xW sτ  and ( ),yW sτ ] is given as, 

 

 

1Here more connected countries we can look from the point of countries are member of some trade area or have formed monetary union or 
any such trade blocks or there is high degree of trade dependence without such trade blocks among others. 
2The fluctuations that last between 2 - 8 years are termed as Business cycles by Rua (2013). Schumpeter (1939) defines 8 - 10 years periodic-
ity cycles as Juglar cycles. Cycles with the periodicity of 18 - 20 years are referred by Samuelson (1998) as Kuznet’s Intermediate cycles. 
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( ) ( ) ( )*, , , .xy x yW s W s W sτ τ τ=   
Following Croux et al. [8] the cross-wavelet spectrum can be decomposed into real and imaginary compo-

nents defined as, 
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where, ℜ  measures the contemporaneous variance and corresponds to the real part of the cross-wavelet spec-
trum. The wavelet ( ),xy sρ τ  quantifies the co-movement in the time-frequency space and identifies the time- 
frequency period over which the co-movement is higher. Basically, the cross-wavelet spectrum acts as a con-
temporaneous correlation coefficient around each moment in time and for each frequency [2]. 

The striking feature of cross-wavelet spectrum lies with its ability in providing information about the co- 
movement both at the frequency as well as over time. Moreover, assessing the contour plot of the wavelet cross 
spectrum it can be identified the time-frequency regions over which the two series commove as well can be as-
sessed the features of the time and frequency variation of the co-movement. The suggested wavelet-based meas-
ure, hence, enriches the analysis of co-movement between a set of variables. 

3. Results and Discussion 
We assess the co-movement of uncertainty among the major European countries by using the uncertainty index 
originally constructed by Baker [1]. We begin by plotting the uncertainty index of all the countries in Figure 1. 
The plots of uncertainty indices indicate that there is a reasonable amount of co-movement in the uncertainty in-
dices of all the countries. Nevertheless, it is not clear that how the co-movement varies both over time and 
across frequencies. In order to understand the dynamics of co-movement across both frequencies as well as over 
time we use the wavelet based measure of cohesion. We estimate the Equation (5) for all the pair of countries in 
this section. Our results based on the estimation of Equation (5) for all the possible country pairs are shown 
through contour plots in Figures 2-7.3 The vertical axis measures the frequency and horizontal axis measures 
frequency interpreted in terms of time (years). The colour scale measures cohesion and the ranges of from −1 to 
+1. The deep blue colour indicates the perfect negative cohesion and deep red colour indicates the perfect posi-
tive cohesion. The identification of time and frequency varying coherence is done by inspecting the contour plot. 
One can therefore identify both frequency bands (in the vertical axis) and time intervals (in the horizontal axis) 
where the uncertainty indices are synchronized. 
 

 
Figure 1. Plot of uncertainty indices.                                                                  
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3This is because three dimensions (time, frequency and cohesion) cannot be presented on a two dimensional figure. 
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Figure 2. Co-movement between the uncertainty indices of France and 
Germany.                                                              

 

 
Figure 3. Co-movement between the uncertainty indices of France and 
Italy.                                                                

 

 
Figure 4. Co-movement between the uncertainty indices of France and 
UK.                                                                 
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Figure 5. Co-movement between the uncertainty indices of Germany 
and Italy.                                                    

 

 
Figure 6. Co-movement between the uncertainty indices of Germany 
and UK.                                                     

 

 
Figure 7. Co-movement between the uncertainty indices of Italy and 
UK.                                                               
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The results based on his analysis show several interesting findings. It is observed that there are higher co- 
movements at intermediate and lower frequencies for all the studied pair of countries (France and Germany be-
ing exceptional to it). The co-movement of uncertainty is very high at business cycle frequencies (2 - 8 years) 
for all the country pairs. A note worthy finding is that the uncertainty indices are highly synchronized during the 
subprime mortgage crisis of 2007-08 for all the country pairs. This synchronization extends from mid 2007 (the 
time of origin of subprime crisis) till 2012 at lowest frequencies for all the country pairs. For some country pairs 
like France-Germany, France-Italy France-UK and Italy-UK, the synchronization of uncertainty extends to lower 
higher frequencies also. Another interesting point is that co-movement is also very high during 2001-02 for al-
most all the country pairs. This co-movement ranges from higher frequencies to intermediate frequencies and 
could be probably because of the dotcom bubble burst in 2001-02. These findings indicate that uncertainty could 
be synchronized at different frequencies. Moreover, it unveils the fact that during the periods of crises there are 
more chances of uncertainty spillovers. 

4. Conclusion 
We have analyzed the uncertainty spillovers over time and across frequencies in selected European countries. 
Using the new uncertainty index from Baker et al. [1] we estimated the wavelet based measure of cohesion to 
unravel both the time and frequency dependence in the co-movement of uncertainty. Broadly the study observed 
the following facts. Firstly, the co-movement of uncertainty found to be both time dependent as well as fre-
quency dependent. In other words, uncertainty is observed to vary across frequencies and over time. Second, it 
was observed that the uncertainty indices mostly co-move at intermediate and lower frequencies for almost all 
the pairs of countries implying uncertainty are synchronized over medium to long run. Third, during the crises 
period of 2000-01 and 2007-08 the co-movement of uncertainty observed to be more pronounced and to vary at 
different frequencies. 
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