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Abstract
One of the most challenging factors that is characterizing the current economic crisis is the COVID-19 induced uncertainty. Policymakers and economists play a crucial role in implementing an effective and accommodative economic policy that would be able to soften the blow caused by this notorious virus. The aim of this paper is to estimate the impact of COVID19’s uncertainty on the Canadian real economy through the use of a Structural Vector Autoregressive model with exogenous variables (SVARX). To the best of our knowledge, no other study attempted to achieve the same objective. This paper demonstrates that the Canadian real economy will experience a significant slowdown due to the Covid-19 uncertainty as shown through the fall of the Canadian GDP. The inflation rate will be subjected to some deflationary pressures following the unexpected shock.  Last but not least, the Bank of Canada will be expected to decrease its overnight interest rate in order to support the economic recovery.






1. Introduction
Following the instability of the international financial scene that characterized the previous years and which was mainly caused by the escalation of the trade tensions between the United States of America and China, the start of 2020 has been full of political and economic events that contributed to the disruption of the global economy.
But no one expected that, in this year, humanity will have to deal with one of the most dangerous and contagious viruses that could potentially take millions of lives in a very short period. The high contagiousness and the rapid spread of this virus remind us of the chaotic situation induced by the Spanish flu one century ago. Figure 1 depicts the worldwide evolution of the COVID-19’s confirmed cases from the beginning of January 2020 until mid July 2020. Despite the serious measures undertaken by governments around the globe to contain this virus, an economic crisis seems to be inevitable due to the slowdown of the productive economic. Most international financial institutions have predicted that COVID economic crisis would be the worst economic downturn since the Great depression (Gopinath 2020). 
In this perspective, one of the most challenging factors that is characterizing the current economic crisis is the COVID-19 induced uncertainty. The rapid spread of the virus has forced firms and households to review their economic decisions and become more uncertain towards their future spending. In Canada, the heightening of COVID’s induced uncertainty could be easily perceived from the high volatility of several newspaper indexes such as the “economic policy uncertainty index” as depicted in figure 2. The latter shows a record in the historical increase of this index in May 2020 with a peak value of 678 which is almost the double of what has been recorded in 2008 following the global financial crisis. Thus, to measure the effect of COVID 19 induced uncertainty on the Canadian economy, this paper will make use of the Structural vector autoregressive model with exogenous variables (SVARX), whose main advantage is to procure a clearer picture of the extent of unexpected shock on the real economy. For instance, many previous studies have been done in order to find out the impact of the uncertainty on the real economy especially after the happening of major political and economic crisis such as the last global financial crisis.
In their research, Shin and Zhong (2016) used the Vector autoregressive methodology in order to identify the real effects of uncertainty shocks. They made use of a model called the conditional autoregressive inverse Wishart-in-VAR (CAIW-in-VAR) to measure the real effects of this kind of uncertainty shocks.  In this context, the uncertainty shock refers to an unexpected increase of uncertainty that economic agents must deal with. They highlighted the fact that such shock is unobservable and that motivated them to develop a new approach that will allow them to identify it. The main finding of their study is that an increase in uncertainty will induce a significant decline of the US industrial index but only if this the shock was accompanied by a deterioration in financial conditions. (as depicted by the increase of the excess bond premium)
Albert et al (2018) extended the above analysis by using more macroeconomic variables in their Structural vector autoregressive model with sign restriction in order to estimate the effects of uncertainty shocks on the Spanish economy. The researchers focused on the time period that followed the last global financial crisis. Albert et al’s research shows the unemployment rate tends to increase significantly while the consumer confidence, business confidence and industrial index tend to decline, following a ‘positive uncertainty shock’. According to these results, the authors have concluded that an increase of uncertainty is accompanied by significant negative effects in the context of the Spanish economy. 
In light of the above research, the analysis of the COVID-19 repercussions on the Canadian economy turns out to be no less important than all the empirical works conducted to assess the effects of uncertainty under different previous economic crisis since the potential economic damage inflected by the COVID-19 induced uncertainty could surpass its direct effects. Thus, the evaluation of the potential impact of this sudden and unprecedented increase of uncertainty would become a key concern for all policymakers around the world since their main target is ensuring a high level of public confidence and stabilizing the economic activity. Furthermore, to the best of our knowledge, no one so far has analyzed the effect of COVID-19 as an uncertainty shock on the Canadian economy and all the previous works has dealt with different crisis.   
The main advantage of using the SVARX model is its ability to identify the shock of interest and to allow us to assess effectivity the potential impact of that shock on the model’ endogenous variables. To this end, this methodology imposes the setting of some restrictions in order to identify the shocks of interest. Therefore, our paper will first present some strong evidence about the existence of a potential relationship between the main COVID-19 indicators and the changes of the VIX index. In the second part of our work, we will identify our SVARX model using Cholesky ordering identification. Through the impulse response, we will get a better picture of how different macro-economic variables react to this uncertainty shock.
Finally, the main results of our work are that, following an unexpected COVID-19 uncertainty shock, the Canadian real GDP would be expected to significantly decrease, the inflation rate will be subjected to some deflationary pressures and the Bank of Canada will be expected to decrease its overnight interest rate in order to support the economic recovery.
2. Literature review
The worldwide propagation of the COVID-19 (Corona Virus) is considered as one of the most harmful economic downturns since the great depression (Gopinath, 2020). The notorious effect of the spread of this Virus resides in its heavy social and economic spillovers. 
Regarding the social spillovers of the COVID-19, governments around the globe have taken important measures to stop the rapid spread of the virus and to ensure the well-being of their citizens. These measures varied from one country to another. However, all of them have significantly disrupted the normal daily life of people and restricted their circulation and activities by imposing a total lockdown and banning the large gathering of people in public. 
From an economic perspective, the spread of this deadly virus has exhorted countries to ban international flights which has significantly disrupted the international trade flows, and therefore the global economy.[footnoteRef:1] When it comes to the economic consequences of the spread of this virus, many theoretical studies have underscored its effects on the aggregate demand and supply sides of the economy. In this context, Holton et al (2020) have attempted to present the main spillovers of this virus on the Irish economy and how the monetary policy, implemented by the European Central Bank, have significantly contributed to the mitigation of the negative effects of this shock.  [1:  Without ignoring the notable cost incurred by the Airlines industries due to the cancelation of their flights.] 

They considered the COVID-19 as an unusual shock inducing a demand and supply contractions accompanied with some unpresented uncertainty effects. The paper has presented the demand effect of this shock as a sum of two components which are: the international trade effect and the domestic effect. On the first hand, the trade effect could be attributable to the fall of the foreign demand of domestically produced goods, therefore a significant deterioration of the terms of trade. On the other hand, the domestic effect is perfectly depicted by the skyrocketing of the short-term unemployment rate and the significant fall of the domestic consumption and investment demands due to the lockdown imposed by the public authorities to stop the spread of the virus. Both effects induced a severe contraction of the aggregate demand and they might lead in some cases to the escalation of the deflationary pressures. According to the same authors, the supply effect could be illustrated by the significant disruption of the international supply chains that leads to a shortage of the foreign goods used as intermediate inputs in many local industries. 
Furthermore, we could find other factors tied to the COVID supply shock, such as the shutdown of many key manufactures and the increase of the unemployment rate across almost all industries, as well as a very drastic change in agents’ behaviours due to the COVID-induced uncertainty. As we have mentioned above, the consumer has seen his consumption confidence falling dramatically since the beginning of this crisis and the firms are no longer optimistic vis-à-vis - the future economic conditions which exhorted them to reduce their current investment in both human and physical capital. 
In this perspective, finding a reliable measure for the economic uncertainty has became one of the priorities of the current economic literature. In line with this idea, the paper written by Baker et al (2020), tried to highlight the main implications of the economic uncertainty caused by the eruption of the COVID-19 virus on the US economy. After having evaluated a set of five potential uncertainty’ indexes, the author has kept the three measures of uncertainty the stock market volatility, the newspaper based economic uncertainty, and the subjective uncertainty in business expectation surveys. Baker et al incorporated these indicators in a disaster model in order to put into place a forecast of the expected evolution of the US real GDP for the coming quarters of 2020.[footnoteRef:2] [2:  Disaster model or Catastrophe modeling is the process of using computer assisted calculations in order to estimate the losses that could be incurred due to a catastrophic event such us the spread and the persistence of a pandemic.] 

The model has predicted a year-on-year contraction in US real GDP of nearly 11% as of 2020 fourth quarter. Furthermore, the authors have suggested that about half of the real output contraction is caused by the COVID-19 induced uncertainty. Based on this finding, we can straightforwardly remark the crucial role played by the COVID 19 uncertainty in this turbulent economic environment. 
In line with Baker et al’ paper, Liu and Leduc (2020) attempted to analyze the uncertainty channel of COVID-19 in the US using the VIX as a proxy of this uncertainty.[footnoteRef:3] They have presented the main channels allowing the transmission of the effects of uncertainty to the real economy and how they could potentially impact agents’ decisions. An unexpected increase of uncertainty in the economy may lead employers to become more reticent about hiring new employees or filling up new positions, considering the costs (therefore the risks) embedded in expanding the labor force during economic downturns. The same unexpected shock will heavily penalize the households, since they will become less confident in their ability to keep their job positions, therefore, they will systematically reduce their consumption to protect their savings as a precautionary measure. Hence, these effects will lead to a significant contraction of the aggregate demand. In order to evaluate these theoretical facts, the authors have made use of the US data sets from January 1986 to January 2020 to generate the response of three core macroeconomics variables: the unemployment rate, the rate of inflation computed by the year-over-year changes in the consumer price index.  three-month Treasury bill. [3:  VIX: the Chicago Board Options Exchange's CBOE Volatility Index, a popular measure of the stock market's expectation of volatility based on S&P 500 index options.] 

Liu and Leduc (2020)’ research paper shows that following an unexpected and outsized rise of the VIX the unemployment rate will increase over time and reaches a peak of 5 percentage point one year after the impact. Regarding the inflation response to this shock, it tends to decrease persistently the six first months following the shock before it starts to raise again. Furthermore, the paper highlighted the existence of two sides effects of the spread of this notorious virus. The first channel induces a contraction in the aggregate demand through the raise of unemployment and the cutback of the inflation. The second side that is affected by the increasing uncertainty is the supply sector and more specifically the disrupted productive activities. Finally, the authors emphasize the necessity of a quick intervention of the Federal Reserve by implementing a monetary easing in order to soften the blow caused by the uncertainty shock. They recommended the stimulation of the activity in the labour market while increasing slightly the inflation rate to mitigate the effects of the deflationary pressures.
These papers show that the role of Central Banks is crucial under such challenging circumstances. Therefore, an appropriate monetary policy should be implemented to mitigate the repercussions of COVID 19 uncertainty. In accordance with this idea, a paper written by Pinshi (2020) attempted to present the effects of an unexpected uncertainty shock on the Congolese economy and how the monetary policy should properly react to it. The paper has made use of a Bayesian Vector Autoregressive model to assess at a first glance the response of the demand and supply sides to an unexpected increase of the VIX which used as proxy of the COVID-induced uncertainty. After that, the authors generated the response of the aggregate demand to the monetary policy implemented by the Congolese Central Bank in order to cushion the blow caused by this virus.
In our paper, we will try to provide an estimation of the potential impact of an uncertainty shock on the Canadian economy using the SVAR methodology and to present the expected response of the Bank of Canada to a persistent COVID induced uncertainty shock.
3. Methodology
In the first part of our paper, we present some empirical evidence about the potential effect of the main COVID related indexes , which are the daily worldwide deaths caused by the COVID 19 and the worldwide daily new confirmed cases, on the changes that happened in the VIX index, since it would be used in the second part as the proxy measure of economic uncertainty. Understanding the potential contribution of the evolution of the pandemic on the volatility observed on the stock market would help us to clearly identify the shock of the COVID-19 induced uncertainty. Simple linear regression will be performed to assess the relevance of the relationship between the COVID indexes and the VIX.  
In the second part of our study, we will use several national and international core macroeconomic variables to evaluate the response of the real Canadian economy to an unexpected uncertainty shock caused by the persistence of the COVID-19 virus. 
Then, we will generate the response of these core macroeconomic variables to an uncertainty shock using a Structural VARX. 
3.1 Data
 The first section of our empirical part will be dedicated to investigating the potential relationship that may exists between the daily VIX index and the main COVID-19 related indexes.
To this end, we will make us of daily date of two main COVID related indices which are the daily worldwide deaths caused by the COVID 19 and the worldwide daily new confirmed cases. The data of these two indicators were gathered from the John Hopkins University, coronavirus resources center website. Furthermore, the daily VIX index was collected from the Chicago Board website. Our data covers the period from the first of January 1st, 2020 until July 10th, 2020.
In the second section of this paper, we will try to analyze the potential effect of an uncertainty shock on the real Canadian economy using  the Canadian real GDP as a proxy of the economy’ supply side, the consumer price index as a proxy of the economy demand side, the target for the overnight interest rate (the Bank of Canada’s policy instrument) as a proxy of the monetary policy’ stance and finally the VIX index as proxy of the level of uncertainty in the economy.
Our paper will as well use the US CPI and the US real GDP. These variables will be treated as exogenous. The Canadian data were gathered from the Statistics Canada website. It is a monthly data set covering the period from January 2000 until March 2020. The US data share the same frequency and cover the same time period, except that they were gathered from the Federal Reserve economic data, ST. LOUIS FED. We will express the Real GDP, the CPI, in log levels following the empirical research conducted by Iscan et al. (2010); Anzuini et al. (2012).
3.2  The econometric model
3.2.1 The modelling of the contribution of the COVID uncertainty in the volatility of the stock market
In this section, we will use the time-series data of the two main COVID indicators and the daily VIX in order to find out the contribution of the COVID induced uncertainty in the drastic changes observed in the stock market since the unfolding of the current crisis.
To this purpose, we will run some simple linear regressions combining the dependant variable daily VIX and both the worldwide daily new confirmed cases and the daily deaths respectively as specified in the following equations:


The use of the first difference of our independent variables is mainly justified by their non stationarity and our interest to look at the effect of the daily changes of our variables on the VIX in level. The results of these regressions will allow us to judge the existence of a potential relationship between the VIX index and the COVID-19 related indices.
Moreover, it worth noting that  that the number of deaths and new cases is endogenous to the implementation and removal of lockdown policies, which is, itself, likely to induce uncertainty. A decline in deaths could be due to the lockdown, which in turn, generates major disruption to the economic activity. In many countries, when lockdown policies were at their peak, there were a lot of discussions about the (uncertain) damages caused by these policies. 
3.2.2 The modelling of the effect of an uncertainty shock on the Canadian economy using the SVARX model
This second section of our econometrical framework is mainly dedicated to investigating the effect of COVID-19 induced uncertainty on the Canadian real economy.
To this end, our study will follow the SVARX methodology. We describe the behaviour of the Canadian economy using the following VAR model with the exogenous variables:

Where the vector   is a 4-dimensional vector of endogenous variables 
 i.e.   refers to the monthly VIX index,  is real output,  is the consumer price index, and finally  is the target for the overnight interest rate.  are matrices of parameters and lastly,  is a 4-dimensional vector of innovations with  for j not equal to 0  and  The term  is a vector of exogenous variables included to capture the effect of the uncertainty on the Canadian economy while putting in advance the significant interdependence of the Canadian economy with the rest of the world. In this perspective, we have selected two US core macroeconomic variables (CPI and Real GDP) to incorporate this dynamic of the Canadian economy vis-à-vis of its first commercial partner.
The above unrestricted VAR model does not identify the structural shocks of the economy and cannot help to find the contemporaneous relationship between the endogenous variables of interest. In order to deal with this issue, we will make use of a structural VAR model with the exogenous variables in the form

Equivalently, the equation (2) can be re-written as following:

where, are called the “structural” parameters of the model while  is a vector of structural innovations and the variance matrix . The diagonality of the variance matrix is one of the key assumptions to recover the structural innovations.
Given the reduced form parameters and the values of the matrix C, the parameters of the structural forms can be estimated by using various techniques. For this research, we use the Cholesky decomposition (Sims 1980). The restrictions imply a recursive ordering of the variables.[footnoteRef:4]   [4:  Other studies (i.e. Sims, 1986; Blanchard and Watson, 1986; Bernanke 1986) use non-recursive structures (structural VAR) and impose restrictions only on contemporaneous structural parameters.] 

In this paper, the main objective is to see the impact of the COVID induced uncertainty shock on macro-economic variables by using the above approach which imposes restrictions on the contemporaneous impact of shocks (Bernanke, 1986; Sims 1986). The restrictions lead to the following basic matrix:

This recursive identification focuses more on the order of the variables and how each variable contemporaneously affects all the variables ordered and listed later. The variable on top is the most exogenous, meaning only its own shock can affect it and is unaffected by any other shock at time . The study is following the order that the VIX index is ordered first, then there is the real GDP, the Canadian CPI is third and overnight interest rate is the last. What really matters for us is the order that we gave to the VIX index. 
This identification follows the notable work conducted by Theodoridis et all (2013) that highlighted the fact that an uncertainty innovation should usually be ordered before all other macroeconomics variables. Another way to perceive this assumption is to look at the historical data and how the core macroeconomics variables used to react to an uncertainty shock especially in the time of deep crisis such as the last global financial crisis of 2008.
Once the estimation approach is selected, the first step is to check whether the data is stationary or not which will be done through a unit root test or an Augmented Dickey-Fuller test.  According to the Augmented Dickey Fuller test, all the variables were nonstationary except the VIX index. In order to deal with this, log differences were taken and by using ADF all the variables became stationary at 5 percent level.[footnoteRef:5] Thus, we will estimate our VAR based on the first differences of our variables except the VIX which will remain in levels. [5:  You can find the results of these tests in table 7 in the Appendix.
] 

The next step is to choose the number of lags which can be done by using multiple techniques, such as the Likelihood ratio test or the Information criteria technique. Referring to table 8, and by selecting the AIC criteria as a measure for the optimal lag of our model, we found that our optimal lag length is 2.
This technique is very famous and helps in better estimation of the model. After this, our unrestricted VAR model was estimated using this criterion. The parameters of the model were estimated by Ordinary Least Squares.

4. Results and discussions 

4.1 The contribution of the COVID uncertainty in the volatility of the stock market
Table 3 shows the existence of a significant relationship between the daily VIX and the first difference of the daily confirmed cases of COVID-19. In other terms, a change of the new confirmed cases could significantly affect the daily VIX. According to the results in the same table, an increase of 10000 worldwide new cases today comparing to yesterday’ cases will induce a rise of the daily VIX of approximatively 6.38 points. 
Regarding the second regression that combines the daily VIX and the daily worldwide deaths caused by COVID-19, the tables 4 shows the existence of a significant relationship between these two indexes in level. As suggested by this table, an increase of the new deaths cases by 10 000 would lead to a rise of roughly 15.50 points in the daily VIX observed by the Chicago board. These two results affirm the existence of a relationship between the evolution of the pandemic situation and the volatility observed in the financial market. Thus, the COVID induced uncertainty could significantly contribute to the increase of the VIX index. 
4.2 The impulse responses of our variables in the SVAR model
In this section, we will explore the reaction of the core macroeconomic variables following a COVID induced uncertainty shock. 
The figure 4 depicts the impulse response of our endogenous variables to an unexpected VIX shock. The dotted red line represents 95% confidence intervals and the response up to 20 months ahead is considered. The blue line represents the impulse response of the variable to a considered shock. The values on the horizontal line represent the time passed after the happening of the shock. Here, we have generated the impulse responses of our variables to one standard deviation innovation of the VIX index. As shown in the figure 3, this innovation has innovation has induced an increase of almost 4.5 points of the VIX index. The effects of this increase on the other variables would be in the heart of our analysis. To begin our analysis, it is worth noting the fact that all the generated impulse responses exhibit reactions that perfectly match with the economic theory.  As highlighted in the theoretical literature, the effect of an uncertainty shock is summed up by the contraction of aggregate demand and aggregate supply of the economy. In other words, such a shock will likely have generated a significant drop in the real GDP and a fall in prices.
According to the generated impulse response functions, The COVID-19 induced uncertainty leads to a statistically significant fall of the Canadian real output with a peak of -0.14% reached after one month and half of the occurring of the shock. After that the real output starts increasing sharply until it returns to its initial level after approximately 16 months and then its response becomes insignificant. This result supports the idea of the negative transitory effect of the uncertainty on the supply side of the Canadian economy which may last for almost 16 months. 
The next graph shows the response of inflation to the same uncertainty shock.  If there is a sudden increase of the VIX index, it is expected to cause an escalating of the deflationary pressures depicted by the persistent decline of the Canadian CPI index that peaks at -0.06% below the baseline after 2 months before its progressive increase that end up by rejoining the initial situation after 12 months. 
This result puts emphasis on the sensitivity of the economy’ demand side to such uncertain environment and how consumers respond with respect to what we have discussed in our theoretical literature.
Finally, the figure shows that the interest rate will be expected to significantly decrease after the occurring of such shock and that by following a similar path of the previous reported impulse responses. In this perspective, the interest rate declined automatically following the shock with a peak of -0.05 basic point after approximatively 2 months before its response starts dissipating and converging to zero. The interest rate response becomes insignificant after 18 months.
 An economic interpretation of the interest rate reaction is that the Bank of Canada would be expected to implement an accommodative monetary policy under such conditions in order to support the economy to soften the blow caused by the Covid-19 induced uncertainty. 
5. Robustness analysis
Checking out the robustness of our SVAR model seems to be a crucial steep in our work since the accuracy of our forecasted responses mainly depends on our model’ specification. Therefore, we opt for an estimation of our SVARX model in levels since the original model has estimated the relationship between our variables in the first difference.
It is worth noting that we kept the same identification assumption of our impact matrix as done for the original model and that by putting the VIX variable as the most exogenous variable. The figure 5 depicts the impulse responses of our variables to an uncertainty innovation under the second specification. According to this figure, the impulse response of the real output shows less sensitivity towards the uncertainty shock and utterly loses its significance at the 13th month. 
Furthermore, the response of the inflation rate starts to significantly decrease the first two months following the shock, then it becomes insignificant since the red line crossed the horizontal axis. We remark that the time interval in which the response of this variable is significant is very short compared to the one corresponding to our original model.
Finally, the response of the interest rate shows that this variable tends to significantly fall during the first 4 months following the occurring of the shock by reaching a peak value of -0.10 basic point. Then, the response of the interest rate starts increasing gradually until it becomes insignificant at the 8th month.
Some alternative robustness check tests have been done, such as the changing of our variables order, and the shortening of the time period considered in our original model.  The results were relatively similar. Thus, the performing of such robustness tests has successfully confirmed the accuracy of our original SVARX model.
6. Conclusion
In this study, we evaluated the impact of COVID-19 induced uncertainty shock on the core macroeconomic variables by using a recursive VAR approach applied to the monthly data from January 2000 to March 2020. The impulse response functions of real output and prices to an uncertainty shock in figure 4 and 5 explained how unexpected changes in the pandemic situation can significantly reduce real output and prices. Regarding the Bank of Canada’s policy interest rate, it significantly decreased following the happening of such shock in order to support the economy to get through this tough economic situation. However, it was not a long-lasting effect as any influence of the shock vanished over time. The results provide some evidence that unexpected changes in the VIX index caused by the spread of this virus does have a somewhat significant impact on the Canadian core macroeconomic variables. These results also align with Pinshi (2020) study of COVID-19 induced uncertainty and monetary policy in Congo.
The main contribution of this research is the application of the SVARX method to the updated Canadian data in order to estimate the potential effects of the uncertainty caused by the spread of the COVID-19 virus. 
The estimation results for this paper can help policymakers to derive and come up with suitable policies and see how different macro-economic variables respond to an unexpected uncertainty shock.
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Appendix
Figure 1


Source: John Hopkins University, coronavirus resources center.
Figure 2


Source: Federal Reserve economic data, ST. LOUIS FED.
This index has been constructed based of the newspaper articles approaching policy uncertainty.[footnoteRef:6] [6:  https://www.policyuncertainty.com/canada_monthly.html] 

Figure 3



The Canadian Real GDP is expressed in billion dollars.
Source: Statistics Canada.



Source: Statistics Canada




The Canadian policy interest rate is the target of the overnight interest rate fixed by the Central Bank of Canada and it is expressed in percent.
Source: Bank of Canada.




Source: The Chicago Board Options Exchange.





The US real GDP is expressed in trillion dollars.
Source: The Federal Reserve of Saint Louis.





Source: The Federal Reserve of Saint Louis.



The Canadian inflation rate is expressed in percent, relative to the previous month.
Source: Statistics Canada.




The Canadian Real GDP growth rate is expressed in percentage.
Source: Statistics Canada.

Figure 4

The impulse responses of the Canadian variables to a one standard deviation VIX shock (the model in differences)









Figure 5
The impulse responses of the Canadian variables to a one standard deviation VIX shock (the model in levels)










Table 1 Results of the regression of the daily VIX on the daily confirmed cases


	
	
	

	VARIABLES
	Daily VIX
	

	Daily new cases
	-2.48e-06
	

	
	(7.39e-06)
	

	Constant
	32.91***
	

	
	(1.871)
	

	Observations
	133
	

	R-squared
	0.001
	


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 2
Results of the regression of the first difference of the daily VIX on the first difference of the daily confirmed cases:

	
	

	VARIABLES
	Diff(VIX)

	Daily_new_cases
	-1.60e-06

	
	(2.16e-06)

	Constant
	0.374

	
	(0.550)

	Observations
	132

	R-squared
	0.004


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1


Table 3
Results of the regression of the daily VIX on the first difference of the daily confirmed cases

	
	
	

	VARIABLES
	Daily VIX
	

	Diff (new cases)
	0.000638**
	

	
	(0.000287)
	

	Constant
	29.95***
	

	
	(1.826)
	

	Observations
	132
	

	R-squared
	0.037
	


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 4
Results of the regression of the daily VIX on the daily deaths

	
	

	VARIABLES
	DailyVIX

	Daily deaths
	0.00155***

	
	(0.000513)

	Constant
	28.02***

	
	(2.002)

	Observations
	133

	R-squared
	0.065


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 5
 Results of the regression of the daily VIX on the first difference of the daily deaths

	
	

	VARIABLES
	DailyVIX

	
	

	Diff(Dailydeath)
	0.000994

	
	(0.00123)

	Constant
	32.59***

	
	(1.393)

	Observations
	132

	R-squared
	0.005


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 6
Results of the regression of the first difference of the daily VIX on the first difference of the daily deaths

	
	

	VARIABLES
	Diff (VIX)

	Diff (Dailydeath)
	0.000124

	
	(0.000361)

	Constant
	0.0972

	
	(0.408)

	Observations
	132

	R-squared
	0.001


Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1


Table 7
The Augmented Dickey Fuller tests

a.  Dickey Fuller test for the logarithm of the Canadian Real GDP

	Null Hypothesis: The logarithm of the Real GDP has a unit root

	Exogenous: Constant
	
	

	Lag Length: 0 (Automatic - based on SIC, maxlag=18)

	
	
	
	
	

	
	
	
	
	

	
	
	
	t-Statistic
	Prob.*

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller test statistic
	-1.914047
	0.3255

	Test critical values:
	1% level
	
	-3.457286
	

	
	5% level
	
	-2.873289
	

	
	10% level
	
	-2.573106
	

	
	
	
	
	

	
	
	
	
	

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

	
	
	
	
	


b. Dickey Fuller test for the logarithm of the Canadian CPI

	Null Hypothesis: The logarithm of the CPI has a unit root.
	

	Exogenous: Constant.
	
	

	Lag Length: 0 (Automatic - based on SIC, maxlag=18).

	
	
	
	
	

	
	
	
	
	

	
	
	
	t-Statistic
	Prob.*

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller test statistic
	-1.837938
	0.3615

	Test critical values:
	1% level
	
	-3.457286
	

	
	5% level
	
	-2.873289
	

	
	10% level
	
	-2.573106
	

	
	
	
	
	

	
	
	
	
	

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

	
	
	
	
	

	
	
	
	
	



c. Dickey Fuller test for VIX
	Null Hypothesis: VIX has a unit root
	

	Exogenous: Constant
	
	

	Lag Length: 0 (Automatic - based on SIC, maxlag=8)

	
	
	
	
	

	
	
	
	
	

	
	
	
	t-Statistic
	Prob.*

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller test statistic
	-3.638297
	0.0057

	Test critical values:
	1% level
	
	-3.457286
	

	
	5% level
	
	-2.873289
	

	
	10% level
	
	-2.573106
	

	
	
	
	
	

	
	
	
	
	

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

	
	
	
	
	

	
	
	
	

	
	
	
	
	



d. Dickey Fuller test for the interest rate

	Null Hypothesis: The policy interest rate has a unit root

	Exogenous: Constant
	
	

	Lag Length: 3 (Automatic - based on SIC, maxlag=8)

	
	
	
	
	

	
	
	
	
	

	
	
	
	t-Statistic
	  Prob.*

	
	
	
	
	

	
	
	
	
	

	Augmented Dickey-Fuller test statistic
	-2.570951
	 0.1005

	Test critical values:
	1% level
	
	-3.457630
	

	
	5% level
	
	-2.873440
	

	
	10% level
	
	-2.573187
	

	
	
	
	
	

	
	
	
	
	

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



Table 8
Optimal lag test for the first difference specification

	VAR Lag Order Selection Criteria
	
	
	
	

	Endogenous variables: VIX, the differenced logarithm of Real GDP, the differenced logarithm of CPI, the differenced interest rate.
	

	Exogenous variables: The US Real GDP, the US CPI.
	
	
	

	Date: 07/17/20   Time: 18:45
	
	
	
	

	Sample: 2000M01 2020M03
	
	
	
	

	Included observations: 234
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	0
	1258.628
	NA
	2.77e-10
	-10.65494
	-10.47775
	-10.58350

	1
	1389.952
	254.7910
	1.03e-10
	-11.64062
	-11.22716*
	-11.47391*

	2
	1416.079
	49.79690
	9.49e-11*
	-11.72717*
	-11.07745
	-11.46520

	3
	1427.275
	20.95678
	9.89e-11
	-11.68611
	-10.80013
	-11.32889

	4
	1443.475
	29.76992
	9.88e-11
	-11.68782
	-10.56558
	-11.23534

	5
	1449.587
	11.02096
	1.08e-10
	-11.60330
	-10.24480
	-11.05556

	6
	1460.697
	19.65667
	1.12e-10
	-11.56151
	-9.966748
	-10.91850

	7
	1467.511
	11.82314
	1.22e-10
	-11.48300
	-9.651977
	-10.74473

	8
	1485.288
	30.23588*
	1.20e-10
	-11.49819
	-9.430903
	-10.66466

	
	
	
	
	
	
	

	
	
	
	
	
	
	














Table 9

Optimal Lag for the level specification

	VAR Lag Order Selection Criteria
	
	
	
	

	Endogenous variables: VIX, the differenced logarithm of Real GDP, the differenced logarithm of CPI the differenced interest rate.
	

	Exogenous variables: the US Real GDP, the US CPI.
	
	
	

	Date: 07/28/20   Time: 19:51
	
	
	
	

	Sample: 2000M01 2020M03
	
	
	
	

	Included observations: 233
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Lag
	LogL
	LR
	FPE
	AIC
	SC
	HQ

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	0
	595.9731
	NA
	7.82e-08
	-5.012644
	-4.834908
	-4.940973

	1
	1419.651
	1597.865
	7.63e-11
	-11.94550
	-11.53079*
	-11.77827*

	2
	1438.180
	35.30851
	7.46e-11
	-11.96721
	-11.31551
	-11.70442

	3
	1460.567
	41.89069
	7.07e-11
	-12.02203
	-11.13335
	-11.66368

	4
	1479.207
	34.24043
	6.91e-11*
	-12.04469*
	-10.91903
	-11.59078

	5
	1492.183
	23.39046
	7.10e-11
	-12.01874
	-10.65610
	-11.46926

	6
	1498.181
	10.60540
	7.75e-11
	-11.93288
	-10.33326
	-11.28784

	7
	1518.318
	34.91557*
	7.50e-11
	-11.96839
	-10.13179
	-11.22779

	8
	1530.668
	20.99034
	7.76e-11
	-11.93707
	-9.863480
	-11.10090

	9
	1542.896
	20.36245
	8.04e-11
	-11.90469
	-9.594120
	-10.97296

	10
	1554.899
	19.57604
	8.36e-11
	-11.87038
	-9.322832
	-10.84310
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