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1. Introduction  

With recent technological advancements -a country's domestic economy 

becomes more open and affected by global shocks. Agents within various countries 

become increasingly aware of the possible transmission of uncertainty shocks due to a 

negative impact on output, investment, and employment (Bloom 2009). This can 

happen through trade or financial channels. Authorities responsible for making 

policies such as monetary policy often adjust their tools to stimulate the economy. 

However, neglecting the external negative shocks  can have an impact on the 

effectiveness of their policies.  

The ARCH model (Engle, 1982) is an important tool used in measuring 

conditional volatility. In literature, the estimation and studies on the impact of 

economic uncertainty have expanded -with recent articles using conditional volatility 

of economic variables as a proxy for uncertainty. Examples of this include: stock 

market volatility (Bloom, 2009), exchange rate volatility (Grier and Smallwood, 

2013), and inflation volatility (Fountas et al. (2006) and Caporale et al. (2010).  

My paper builds on current research applying bivariate GARCH in mean 

models. With this, two equations are estimated: mean equation and variance equation. 

Rahman and Serletis (2009, 2011,), Grier and Smallwood (2011), Hegerty (2014). 

Numerous studies have demonstrated that two or more countries can be linked under 

one model.  For example,   Dees et al. (2013) constructs a multi-country rational 

expectations model in  which the cyclical components of variables in a given country 

are inked to other countries. 

 Dungey et al. 2009) implement a structural VEC to study the response of 

economic activity to shocks in the US and Euro Area.  In the context of uncertainty, 

this paper examines the impact of uncertainty shocks, and I distinguish positive shocks 

from negative shocks. Uncertainty effect is not limited to domestic economic activity. 

Rather, it can spread from one economy to another.  
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 Spillovers of economic variables and their uncertainty have been an area of 

interest for many researchers. Netsunajev and Winkelmann (2014) find a significant 

spillover of inflation expectations between the US and Euro Area. In addition, they 

find that during macroeconomic stress, this spillover increases.   Conrad and 

Karanasos (2014) study the link between output uncertainty and inflation uncertainty .   

Shih and Wang(2009) focus on return volatility spillover between developed and 

emerging European equity markets. They find that regional shocks are stronger than 

shocks that arrive from foreign countries. Sum (2012) shows that the policy 

uncertainty in U.S negatively affects the stock markets in Mexico and Canada. Berger 

and Herz (2014) construct a global macroeconomic uncertainty using a dynamic factor 

model that links 9 countries together.  Colombo (2013) finds that US policy 

uncertainty significantly reduces European industrial production.  

 Uncertainty is measured by the conditional variance of GARCH models. I feel 

that it’s crucial to mention that due to the variance being estimated by the squared 

residuals -the signs of errors are ignored.   Zakoian (1994) developed a Threshold 

GARCH model ( TGARCH) to solve this problem. He accomplishes this by assigning 

a dummy variable to squared errors when these errors are negative.  This model helps 

in detecting the asymmetry of volatility.   Many authors take this route and apply 

asymmetric volatility models.  Cappiello et al.2006), Rahman and Apostolos (2010, 

2011), Giannellis et al.2008). Using U.S. data, Grier et al. (2004) finds that 

asymmetric volatility exists in inflation and output. In addition to Grier et al. (2004) 

findings, I extend their model to include an asymmetry of external shocks effects -with 

special emphasis placed on different techniques such as difference-in-difference 

estimation. 

The contribution of this paper to the existing literature is summarized below. 

This paper examines the asymmetry of output growth and inflation uncertainty for the 

U.S. and Euro Area. In addition, I focus on inflation and output uncertainty spillovers 

across the two regions. In adding dummy variables to the VAR representation, I 

investigate whether the state of the economy affects the magnitude of  uncertainty 

effects.  The remainder of this paper is organized as follows: Section 2 presents the 

empirical models. Section 3  describes the data. Section 4 shows the results. Section 5 

provides the conclusions.   

2. Empirical Model 

This paper uses a bivariate GARCH model. The conditional volatility is used as 

proxy for uncertainty. I link the domestic variables directly to internal and external 

uncertainty measures. However, I do not link the U.S. variables of output growth and 

inflation to the E.A. or contrariwise.    Rather, I regress these variables directly on 

uncertainty from both regions. I assume the output growth and inflation are given by 

the following expression:    
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Where Yt is a vector of output growth and inflation variables: yit =[yit, πit]'. Output 

growth is defined as the first  difference of logged real gross domestic product: yit 

=[Log(GDPit) - Log(GDPit-1) Inflation rate is the difference of logged consumer price 

index : πit =[Log(CPIit)- Log(CPIit-1)] is the mean equation where  output growth and 

inflation are functions of their lags and   uncertainty measures. Λ0  is  2x1 matrix, Λi is  

2 x 2  matrices. Ψ  and Γi are 2 x 4 matrices. D it is 4 x 4  -a matrix of dummy variables 

and it takes the form of identity matrix if both signs of error terms is negative. And, it 

becomes a zero matrix when both errors are nonnegative.  Ωi,t-1 is information set at 

time t-1    

  And Ξ i is a vector of error terms.  

 

where Ξ i t is assumed to be normally  distributed  with zero mean and variance-

covariance matrix Hit :  

 

The diagonal elements of Hit  are the variances of output growth and inflation. Off-

diagonal elements are the covariance between the two variables.   hit is the variances 

vector in  matrix Hit  The covariance between output and inflation are ignored because 

null hypothesis in Johansen Cointegration Test can't be rejected In addition to the  Λ 

matrix, the coefficients of Equation(1) are introduced by the following matrices:  
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The square roots of h it elements are the conditional standard errors. The coefficient of 

the first two columns in matrix Ψ detects the impact of domestic uncertainty on 

domestic variables. While the rest of the coefficients detect the impact of uncertainty 

generated in one region on the variables of the other region.  The coefficients of the 

matrix Γ is introduced to capture the effects of uncertainty when variables experience 

negative shocks.  ϒ is a vector of uncertainty measures in which the external and 

internal volatility are directly given as an explanatory variable within the economic 

activity regressions.  I use internal volatility at time t, while the lagged external 

volatility is used.  The reason behind using square root h j,t-1 that I assume that foreign 

economic shocks take time to arrive. 

  The conditional volatility follows GARCH ( 1,1 ) -diagonal vector model: 

 

where ht =vec(Ht)  as defined in(6) ,  Ci is 2 x 1v matrix  of constants: A, B, G, F, and  

Dt are  2 x 2   matrices  of dummies for the Threshold GARCH model by which the 

additional terms are added to detect the asymmetry of  volatility :   
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The subscript k in equation (7) refers to the speed at which the volatility could 

immigrate from one region to another. Let's say that the U.S. experiences higher 

uncertainty in month t. Then k represents the number of months it takes for the U.S. 

volatility to affect the E.A. In this paper, I will assign different values for K to 

demonstrate the speed of uncertainty transmission.  The matrix form of equation (7) 

can be written as:       

 

 

The number zero is placed for each of the off-diagonal elements of matrices A, 

B, and G to accommodate a bivariate GARCH model. It should be noted that these 

zero values does not imply that there is no spillover within the domestic variables.  If 

the   coefficients of biy and b iπ are significant, then  I can conclude that the inflation 

and the output volatility are asymmetric. Finally, significant coefficients in matrix F 

provide evidence of output growth and inflation volatility spillovers.   

In the context of this research, I introduce the dummy variables twice - First, in 

the volatility equation and second in the mean equation.  This is done to investigate 

the relationship between GARCH model asymmetric volatility and the asymmetric 

effects. In contrast, most of the existing literature relies on TGARCH models when 

discussing the asymmetric effects of volatility.   

The maximum likelihood method(ML) is used to estimate the model parameters in 

which the objective function should be maximized:    
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where the log likelihood is the sum of all conditional normal log likelihoods of the 

GARCH model.   

3. Data  

The US variables of output and Consumer Price Index are taken from the 

Federal Reserve Economic Database (FRED). Then variables of the output growth and 

inflation: y t and π t are calculated by taking the first difference of logged output and 

Consumer Price Index. The Euro Area data is drawn from the Area Wide Model 

(AWM) maintained by the European Central Bank. All variables are quarterly from 

1970 Q1 to 2012 Q4.  

 Inflation calculations are based on the Consumer Price index (CPI) for the US. 

However, the Euro Area inflation is calculated based on the Harmonized Index of 

Consumer Prices (HICP). The HICP differs from the CPI in the aspects mentioned 

below: first, owner occupied housing is excluded from the HICP. Conversely, they 

may or may not be included in the CPI.  Next, HICP includes   households that are 

living within the country or visiting. While the primary focus of the CPI model is the 

residents.  Third,  HICP uses prices faced by consumers after taxes or duties, while 

CPI uses different methods by which part of these expenditures may be excluded.  

Table 1 provides  summary statistics for the US and Euro Area output growth and 

inflation and Figure 1 plots these variables.  

I use AIC criteria for lag selection, which allows me to use 3 lags.  Following 

this, two tests are applied. The first of these tests judges if the model exhibits ARCH. 

The second is a unit root test that is conducted through the Augmented Dickey-Fuller 

test (1979). Figure 2 reports the resulting residuals from regressing the output growth 

and inflation on 3 lags of each of these variables.  Four variable residuals display 

conditional heteroskedasticity with a p-value less than 10%. The unit root test 

indicates that all variables have no unit root with less significance toward the US 

inflation. Figure 3 plots the conditional standard errors.  

4.  Results  

In this section, I provide the reader with the results of equations (1) and (9). The 

lag order is set to 3 -that is p=3.  Table III  asserts that   asymmetric volatility exists in 

the US output growth and inflation, both variables  are less volatile when shocks are 

negative with coefficients of -0.163092 and -0.24 8433  respectively. However, the 

coefficient of the US output growth in GARCH equation is more significant than that 

of inflation -it being 1 % compared to 10 %. Additionally, there is a significant  
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spillover of inflation uncertainty from the Euro Area to the US. On the other hand, the 

economic activity in the Euro Area is not significantly affected by the uncertainty in 

the US. This is clearly shown from the insignificant coefficients in Table IV. The Euro 

Area output growth and inflation are symmetric to the signs of their shocks.  Table V 

shows that the US output  growth and inflation are also affected by the second lag of 

Euro Area squared errors.  

 In Table VI, the Euro Area output growth uncertainty is affected by the second 

lag of  US inflation.   Tables III-VI present two results of interest. First, the inflation 

spillovers between the US and Euro Area regions are more significant than that of 

output growth. Next, the US volatility responds immediately to Euro Area volatility. 

Nonetheless, it takes two or more quarters for the Euro Area to experience volatility 

spillovers for the US.  

Table VII shows the effects of volatility  on  US  output growth and inflation. 

The output growth is associated with higher levels of its own volatility. This is 

indicated  by  the coefficient of 1.709134, which is significant at a  1 %  level. More 

importantly, the US output volatility displays asymmetric effect. Same magnitude 

output volatility has less effect when shocks are negative. This is confirmed by the 

negative significant coefficient of -1.388244. Therefore, asymmetric US output 

volatility leads to asymmetric effects on output.  US inflation uncertainty is similar to 

output uncertainty in regards to their asymmetric effects -with a coefficient interaction 

term of -1.476800.    

  In Table VIII, Euro Area output matches the  US  in terms of    the impact of 

output volatility and its symmetry. Furthermore, the inflation volatility in the Euro 

Area negatively effects the domestic output growth. While positively affecting the 

inflation rate. The sign of the shocks is irrelevant in relation to the effects on output 

growth. However remains important for inflation- as this increases less dramatically 

when shocks are negative.  Table VIII provides asymmetric effect of volatility in the 

Euro Area -at a time when previous tables did not detect asymmetric volatility in these 

variables.  
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Tables and Charts 
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5. Conclusion 

This paper attempts to investigate the asymmetric impact and spillovers of 

inflation and output growth uncertainty for the US and Euro Area. Uncertainty is 

measured through autoregressive conditional heteroskedasticity models (ARCH). I use 

quarterly data on real GDP and consumer price index for the US and Euro Area from 

1970Q1- 2012Q4. In adding dummy variables to the mean equations, I am able to 

differentiate between four asymmetrical aspects- First, asymmetric volatility in 

GARCH model,- Second, asymmetric effects of output and inflation on US and Euro 

Area economic activities,- Third, asymmetry between output and inflation spillovers 

across the two regions. And, lastly, asymmetry in the speed at which one region 

responds to uncertainty generated by another region.   

 Results show that output growth uncertainty and inflation uncertainty exhibit 

asymmetric volatility and its effects on the economy are also asymmetric. A 

symmetric volatility does not necessarily lead to a symmetric effects on economic 

activity.   There is a significant spillover of Euro Area uncertainty to the US economy, 

while Euro Area economic activity is less responsive to US volatility within the same 

lag. But the Euro Area is more affected by US uncertainty after a few quarters. This is 
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an indication of asymmetric speed of uncertainty transmission between the two 

regions.  

The importance of this research is summarized in two points: First, the policy 

tools used to stabilize the economy such as monetary policy and fiscal policy have to 

take into consideration the asymmetric effects of policy changes. Second, because 

global economic conditions matter - it’s important to take into consideration the state 

of external economies. 
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