
OPEC PRODUCTION DECISIONS, MACROECONOMIC NEWS AND 

VOLATILITY IN THE CANADIAN AND ENERGY MARKETS 

 

 

 

Yan, Xusheng 

 

 

 

 

 

 

 

Submitted in partial fulfillment 

of the requirements for the degree of 

 

 

 

Master of Science in Management (Finance) 

 

 

 

 

Goodman School of Business, Brock University 

St Catharines, Ontario 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2018 

  



 

Abstract 

 

This study investigates the determinants of oil and Canadian dollar volatilities. We use the 

multivariate volatility model to examine the simultaneous impacts of OPEC press releases and 

production decisions, oil and gasoline inventory surprises, and U.S. and Canadian macroeconomic 

news announcements on oil and CAD returns and volatilities during, before and after the U.S. 

financial crisis and European sovereign debt crisis. Besides, we apply the impulse response 

analysis to decompose the exogenous effects into direct and indirect effects resulting from 

volatility spillover. We find that the effects of OPEC press releases and decisions are more 

prominent than those of inventory announcements and macroeconomic news. Furthermore, over 

50% of the total accumulated effects of OPEC decisions to maintain, on oil volatility are from the 

indirect effect via volatility spillover of CAD exchange rate during the U.S. financial crisis. Our 

findings shed light on the dynamic of volatility spillover channel during financial turmoil, which 

may facilitate the process of investments and policy decision-making, trading strategies of market 

participants, and the efficiency of stabilizing market volatility in a multilateral setting. 
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1. Introduction 

The determinants of oil and exchange rates volatilities is an increasingly important topic in 

literature and has thus been the subject of considerable academic discussion recently (Brahmasrene 

et al., 2014; Mensi et al., 2017). When analyzing the various exogenous factors and how they 

influence oil and exchange rate volatilities, it is imperative that the effects of OPEC decisions be 

examined. These decisions entail OPEC determining to decrease (cut), maintain, and increase the 

current production levels. Since 1982, OPEC has been hosting several ordinary and extraordinary 

meetings every year, regulating the oil production policies among its members. However, OPEC’s 

policies have been criticized for playing a role in inducing rather than stabilizing the oil price 

volatility (Schmidbauer & Rösch, 2012). Hence, this study incorporates OPEC production 

decisions as one of the exogenous factors and investigates its impact on oil and exchange rate 

volatilities. 

Previous literature has explored the role of OPEC decisions as a factor influencing the 

returns and volatilities of West Texas Intermediate (WTI) crude oil. For instance, Schmidbauer 

and Rösch (2012) explore the volatilities of oil returns and find that OPEC decisions to cut current 

oil production levels cast negative effects on oil returns during pre-announcement periods and are 

the most impactful among all three decisions. On the other hand, in post-announcement periods, 

decisions to increase and maintain production levels have positive effects. These findings are in 

line with those of Lin and Tamvakis (2010), who study the impacts of different types of OPEC 

decisions on crude oil production levels in the period from 1982 to 2008. The authors find that 

post-announcement effects depend not only on the price band but also on the three types of OPEC 

decisions. Besides, Wang et al. (2008) reveal that the effects of OPEC decisions on oil volatility 
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are significant with weekly data but not so when viewed through analyzing daily data. In particular, 

they conclude that during the pre-announcement period, OPEC decisions to increase production 

levels have positive and significant impacts on weekly oil volatility, whereas other decisions have 

negligible effects. We review the impacts of OPEC decisions on oil volatility by considering not 

only the effects of financial crises but also the effects of OPEC press releases including OPEC’s 

World Oil Outlook, high-level dialogues between OPEC and other organizations, Annual 

Statistical Bulletins, and so forth. By doing so, we aim to generate a comprehensive and insightful 

analysis of the influence of OPEC news on oil volatilities. 

Besides OPEC news, inventory announcements have also been suggested to be one of the 

determinants of oil and exchange rate volatilities. Ye and Karali (2016) argue that unexpected 

inventory surprises influence commodity prices, and that storage contains future supply and 

demand information affecting the commodity returns and volatilities. The presence of inventory 

announcements in explaining the commodity prices volatilities sheds light on price elasticity as 

well as derivative pricing (Ye & Karali, 2016). The relationship between inventory announcements 

and the volatility of commodity price has not been overlooked by scholars. For instance, the bi-

directional causality between inventory surprises and oil volatility has been explored by Wolfe and 

Rosenman (2014). Beside the crude oil market, Bu (2014) finds evidence of cross-commodity 

market effects with consideration for disaggregated inventory surprises for both positive and 

negative inventory shocks. 

Another key exogenous factor worth investigating is the macroeconomic news 

announcements. According to the study by Andersen et al. (2003), the effects of macroeconomic 

news announcements on foreign exchange markets are evident, albeit in an asymmetric fashion. 

Ben Omrane and Hafner (2009) apply an impulse response analysis to investigate and capture the 
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direct and indirect effects through volatility spillover simultaneously between exchange rate 

returns. We advance this stream of research and examine the eventual connections between oil and 

CAD volatilities and decompose exogenous effects into direct and indirect effects. Moreover, 

while Ben Omrane and Hafner (2009) focus on the exchange rates with high-frequency data, we 

consider both WTI oil and CAD volatilities at a daily frequency. 

Furthermore, the potential connection between oil and exchange rates has also been widely 

analyzed in the literature. Volkov and Yuhn (2016) find evidence that the relationship between oil 

and exchange rates is affected by the size of the energy sector and the efficiency of the foreign 

exchange market. The fluctuation of oil prices not only reflects domestic macroeconomic 

efficiency, but also includes information of foreign exchange variables, such as exchange rates 

(Brahmasrene et al. 2014). Akram (2004) confirms the non-linear relationship between oil and 

exchange rates. The unidirectional causality runs from oil to exchange rates (Amano & Norden, 

1998) as well as from exchange rates to oil (Krichene, 2005). Moreover, Brahmasrene et al. (2014) 

also reveal the existence of bi-directional causality between oil and exchange rates. Given these 

relationships between oil and exchange rates, we expect to detect a link between oil volatilities 

and the movement of the Canadian dollar’s (CAD) exchange rate. Our decision to adopt the 

Canadian dollar as the exchange rate with which to investigate the proposed relationships is based 

on various factors. First, as an exporter of crude oil, Canada’s revenue from the exports of oil 

accounts for 6.2% of its GDP (Volkov & Yuhn, 2016). Historically too, crude oil has been a 

significantly sizeable export for Canada. For instance, from 1972 to 2008, it accounted for 21.4% 

of Canada’s total exports. In 2010 and 2012, crude oil exports comprised 12.5% and 15% of 

Canada’s total exports respectively (Ferraro et al., 2015). By the end of 2016, Canada ranked fourth 

among the largest crude oil exporting countries in the world. Second, according to Ferraro et al. 
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(2015), the Canadian exchange rate has a market-based floating feature. Hence, the external value 

of the Canadian dollar reflects the commodity prices since Canada has a market-determined 

exchange rate system (Volkov & Yuhn, 2016). Third, Canadian economy is small and open, which 

can be regarded as a price-taker in the oil market. This feature allows us to consider oil as an 

exogenous factor (Ferraro et al. 2015). Therefore, analyzing the correlation between oil and CAD 

exchange rate volatility will provide oil market participants and policy-makers with a more 

nuanced perspective that may facilitate decision making. 

While the previous literature to a large extent, focuses on investigating the bilateral 

relationships, such as the ones between oil and exchange rates, macroeconomic news and exchange 

rates, oil and OPEC news, or oil and inventory announcements, few studies investigate the 

determinants of oil and exchange rate volatilities by combining all these variables. Hence, one of 

the contributions of this study is that it inspects volatility transmission with consideration for the 

effects of OPEC press releases and decisions, inventory announcements, and macroeconomic news 

announcements. Moreover, it is also worth including the effects of financial crises, since the 

commodities have experienced uniform turbulence during the periods of financial turmoil (Kang 

et al. 2017).  

We implement a multivariate volatility model to detect the simultaneous effects of OPEC 

press releases and decisions, oil and gasoline inventory announcements, and macroeconomic news 

announcements on the volatilities of CAD exchange rate and WTI crude oil. We also conduct an 

impulse response analysis to decompose exogenous effects into direct and indirect effects induced 

by volatility spillover. Our impulse response function allows the impulse response to die out on its 

own without adding constraints, revealing the amount of time the market requires to absorb the 

information completely.  
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The contributions of this study are threefold. First, as indicated earlier, this study 

collectively analyzes the effects of OPEC press releases and decisions, oil and gasoline inventory 

announcements, macroeconomic news announcements, and volatility spillover on both CAD 

exchange rate, and WTI crude oil markets. By studying these exogenous factors collectively and 

simultaneously, we aim to generate more comprehensive and refined insights. Second, our 14-year 

sampling period from July 1, 2003 to December 31, 2017, incorporates both the 2008 global 

financial crisis and the 2009-2012 European sovereign debt crisis (EU crisis). This allows us to 

examine the sensitivity of the relationships under investigation to the different crises and discern 

eventual context specific effects. Lastly, we also employ the impulse response function, which 

helps decompose information effects into direct and indirect effects without imposing restrictions. 

To the best of our knowledge, this study is the first to analyze the effects of OPEC press releases 

and decisions, oil and gasoline inventory announcements, macroeconomic news, and volatility 

spillover between WTI crude oil and CAD exchange rate on the daily basis, while also taking into 

consideration the effects of financial crises. The results of this study are expected to be highly 

comparable to, and to add to the findings of other prominent contemporary works in this stream of 

the literature, such as Mensi et al. (2014), Loutia et al. (2016), and Wolfe and Rosenman (2016). 

The remainder of this study is organized as follows. We first present a review of the 

relevant literature. Section 3 then provides details of the methodologies employed for this study. 

Section 4 discusses the data collection, manipulation, and processes, followed by a statistical 

summary. Section 5 gives a discussion of the empirical results. The last section presents the 

conclusions for the study. 
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2. Literature review 

 We summarize our discussion of the previous literature by classifying it into three parts. 

First, we review the literature on the effects of OPEC press releases and decisions, commodity 

inventory announcements, macroeconomic news announcements on the returns and volatilities of 

oil and exchange rates. Second, we review previous work on the connection between WTI crude 

oil and exchange rates, and finally, we present the literature discussing the impacts of financial 

crises. 

2.1. Effects of exogenous factors on the returns and volatilities of oil and 

exchange rates 

 Schmidbauer and Rösch (2012) apply the GARCH model on daily WTI oil price data to 

inspect the impacts of OPEC decisions on oil volatility and find that OPEC decisions are predicted 

by market players during the pre-announcement period. The authors argue that the production 

decision to cut is the most impactful on oil returns and volatility among all three decisions. Loutia 

et al. (2016), study WTI and Brent oil data from 1991 to 2015, and conclude that reactions to 

OPEC decisions vary between the two oil prices. By analyzing the daily frequency data with the 

EGARCH model, the authors also reveal that decisions to cut and maintain have the most 

significant impact on oil returns and volatilities. These findings are in line with those of Mensi et 

al. (2014), who apply the ARFIMA-FIGARCH model on daily closing spot prices of both WTI 

and Brent oils to investigate the impacts of OPEC decisions. By analyzing the sampling period 

from May 1987 to December 2012, they find the decisions to cut and maintain have the most 

significant impact on both oil returns and volatilities. Besides, WTI oil returns and volatilities are 

more sensitive to OPEC decisions than Brent oil returns and volatilities. Moreover, by analyzing 

events such as the OPEC conferences with the AR-GARCH model, Ji and Guo (2015) find that 
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asymmetric effects exist among different OPEC decisions on oil returns. Particularly, decisions to 

increase have negative impacts on oil price returns while decisions to cut and maintain have 

positive effects. However, the authors also argue that the effects of decisions can be easily 

disturbed and are inconsistent. In the current study, we consider not only OPEC decisions but also 

OPEC press releases to detect whether the information from OPEC affects the volatilities of oil 

and CAD exchange rate. 

In addition to the OPEC press release and decisions, the impacts of inventory 

announcements on oil markets have also been explored in the literature. Bu (2014) applies the 

GARCH model with daily data from May 10, 2006, to Oct 31, 2011, to investigate the effects of 

EIA crude oil inventory shocks on crude oil returns and volatility. The author finds that negative 

inventory announcement surprises have greater impacts on crude oil returns than positive 

inventory shocks, yet fails to capture the effects of inventory announcement shocks on the 

conditional volatility of crude oil returns. In another study by Wolfe and Rosenman (2014), the 

inventory announcement surprises have cross-commodity effects on oil price volatility. 

Specifically, there is an asymmetric, interactive dynamic between crude oil and gasoline inventory 

announcements, where gasoline inventory announcements have an effect on oil price volatility that 

is twice as strong as that of crude oil inventory announcements. Ye and Karali (2016) confirm the 

asymmetric cross-commodity effects in the energy market and find that intra-daily crude oil 

volatility increases after the inventory report releases. In other words, the volatility increases 

simultaneously after the releases of EIA reports, which include distillate fuel and gasoline shocks. 

However, inventory shocks of EIA reports have a stronger impact on oil returns and volatilities 

than the shocks of API reports. Besides, they also find that unanticipated crude oil inventory 

changes have a parallel reverse effect on oil future returns with both API and EIA reports. However, 
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while the studies discussed above present solid evidence that inventory announcements influence 

the energy market, the effects of inventory surprises on foreign exchange markets, especially on 

CAD exchange rate, have been overlooked in previous literature.  

We argue that in addition to considering the inventory announcements for crude oil, it is 

also important to account for the gasoline inventory announcements. This assertion is in line with 

Villar and Joutz (2006), who present various reasons to do so. The authors find evidence of a bi-

directional relationship between oil and gasoline markets since gasoline and oil are substitutes. As 

gasoline and oil production can be switched from crude oil refining, the price of one fuel could 

have impacts on that of the other. Specifically, increases in oil prices would engender crude oil 

production growth. Hence, gasoline price will drop when supply escalates. Also, gasoline price 

also faces piling pressure from the rise of crude oil production expenses. Therefore, we consider 

both crude oil and gasoline inventory announcements and explore the impacts of inventory 

announcements on oil and CAD exchange rate volatilities. 

With regard to the effects of macroeconomic news announcements in oil and exchange rate 

volatilities determinants analyses, Evans and Lyons (2008) examine U.S. macroeconomic news 

effects on daily currency price data and find that 36% of the volatility of the currency can be 

explained by the effects of macroeconomic news announcements. Evans and Lyons (2005) 

measure daily news effects on currency markets such as hedge funds, mutual funds, etc. to confirm 

whether the currency market reacts to macroeconomic news announcements within a short time. 

They find that the persistence of news effects is supported by the fact that end-user segment 

reactions to macroeconomic news surprises linger up to several days. Galati and Ho (2003) 

disentangle the relationship between the macroeconomic news announcement effects and the EUR 

exchange rate by analyzing the exchange rate movements in the first two years of Economic and 
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Monetary Union on a daily basis. For days that have more than one news announcement, the 

authors rank the importance of news and consider only the most important news from a trader’s 

point of view. They find a significant impact of macroeconomic news announcements on EUR 

exchange rate movements, especially when there are switches between good and bad news. While 

numerous papers find significant impacts of macroeconomic news announcements on foreign 

exchange markets and energy markets, Kilian and Vega (2011), use the daily data of U.S. 

macroeconomic news releases from 1983 to 2008 and find that WTI crude oil prices are 

unresponsive to news releases on both daily and monthly bases. Chatrath et al. (2012) re-estimate 

the reaction of crude oil prices to macroeconomic news with the consideration for the level of 

inventories by using both daily and intraday data. Their results support those of Kilian and Vega 

(2011) since they find no evidence of significant daily responses of crude oil prices to 

macroeconomic news announcements. Similarly, for the intraday data, their results also show no 

presence of inventories’ influence on oil prices reaction. Thus, in view of the inconclusive findings 

in the previous literature, we investigate the effects of macroeconomic news announcements on 

oil and CAD exchange rate volatilities with consideration for oil and gasoline inventory 

announcements as well as OPEC press releases and decisions, with an aim to present a more 

comprehensive analysis. 

Furthermore, the advantages of using high-frequency intervals are widely recognized by 

researchers. By constructing data within the 5-minute interval, Andersen et al. (2003) find that 

news announcement surprises affect the foreign exchange markets asymmetrically, where bad 

news has more significant sign effects than good news. Bauwens et al. (2005) utilize the high-

frequency intraday data to analyze the volatility dynamics between news announcements and the 

EUR exchange rate, and find a significant increase in the volatility of EUR returns during ex-ante 



10 

scheduled news announcement period. Ben Omrane and Hafner (2009) apply a multivariate 

GARCH model and an impulse response model to detect the volatility spillover and its persistence 

between macroeconomic news and exchange rates. They deconstruct the surprises into direct and 

indirect effects, and find that spillover effects from the Euro have a significant impact on the Yen 

and the GBP regarding negative news. The impacts of macroeconomic news on the CAD have 

also been investigated by Doukas and Switzer (2004), who find that the CAD exchange rate has a 

bilateral feature and its future price is influenced by both Canadian and U.S. news. However, only 

a limited number of studies focus on the macroeconomic news effects on the volatilities of the 

Canadian dollar. Therefore, by considering the effects of OPEC press releases and production 

decisions, inventory announcements, and macroeconomic news announcements jointly, we expect 

to address this discrepancy and analyze the macroeconomic news effects on the CAD exchange 

rate fluctuations. 

As for oil price reactions to macroeconomic news announcements, Kurov and Stan (2016) 

find deteriorating responses of the crude oil market to macroeconomic news announcements when 

future monetary policy is highly ambiguous. Rosa (2014) conducts an event study with intraday 

data to detect the energy price receptions to three monetary policy announcements. The author 

finds a significant inverse reaction of crude oil prices to the FOMC statement releases and 

unexpected asset purchase pronouncements. Elder et al. (2013) investigate the relationship 

between oil price jumps and economic news arrivals with high-frequency data, and suggest that 

the oil price correspondingly elevates with macroeconomic news rather than speculations. Notably, 

more than 30% nonfarm payroll announcements can be attributed to the oil price jumps. Therefore, 

in this study we also investigate the effects of macroeconomic news announcements on crude oil 

volatilities, to compound and consolidate with the three exogenous factors.  
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2.2. The correlation between oil and exchange rates returns and volatilities 

The relationship between crude oil returns and macroeconomic fundamentals has been 

discussed in numerous studies. Hamilton (2003) documents that increases in oil price have greater 

impacts on GDP growth than decreases. Guo and Kliesen (2005) analyze the volatility of daily 

crude oil prices from 1984 to 2004, and find a significant negative relationship between future 

GDP growth and oil price volatility, which is a proxy of economic uncertainty leading to resource 

reallocation. The authors also discover a deteriorating effect of an increase in oil prices on 

economic fundamentals such as aggregate output, unemployment rates, and consumption. One 

possible explanation that the authors offer is that higher oil prices can be regarded as an increase 

in costs or tax on consumption. Park and Ratti (2008) show that oil price correlates with interest 

rates in the U.S. and some European countries. However, the U.S. stock returns have more 

significant reactions to oil price shock volatility than interest rates, while in some European 

countries, real stock returns diminish and have weaker reaction than interest rates as a consequence 

of increases in oil price volatility. Additionally, Cifarelli and Paladino (2010) study weekly data 

from October 1992 to June 2008 and unveil the negative relationship between oil prices and the 

exchange rates, and further claim that oil price has an impact on the stock market, besides the 

foreign exchange market. 

Among the different macroeconomic variables, the synchronous volatility in exchange 

rates and oil prices is of particular interest and relevance to this study. The impact of oil prices on 

exchange rates has been well-documented in the literature. In the study by Amano and Norden 

(1998), the price of oil is the primary explanatory factor for the exchange rate fluctuations. Akram 

(2004) shows evidence of a significant negative nonlinear relationship between Norwegian 

exchange rate and oil price. The author asserts that the volatility of oil prices has an impact on 
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exchange rates, especially when oil price is low or on a descending trend. In another study, 

Narayan et al. (2008) apply GARCH and the exponential GARCH model to analyze the daily data 

from 2000 to 2006 and find appreciation in the Fijian dollar (FJD) against the USD as a 

consequence of an oil price upsurge. Lizardo and Mollick (2010) observe a significant decline in 

the value of USD against the oil exporting countries’ currencies as a result of an increase in real 

oil price, by analyzing the monthly data of nominal exchange rates and WTI oil prices from the 

1970s to 2008. Whereas, for the oil importing countries such as Japan, the currency value 

depreciates against the USD, as oil price escalates. Lizardo and Mollick (2010) explain this 

causality by suggesting that when crude oil price increases, the U.S. increases its money supply in 

an attempt to maintain their oil consumption level, resulting in a downturn in USD value. A similar 

effect can be expected to occur in oil importing countries, since they need to purchase the USD for 

oil consumption, while an upward supply of non-U.S. currencies for oil importing countries would 

cause downward pressure on their exchange rate against the USD. 

Studying the impact of exchange rates on oil prices, Krichene (2005) finds evidence that a 

decline in oil price is caused by an increasing nominal effective exchange rates. Zhang et al. (2008) 

use daily data from January 4, 2000, to May 31, 2005 and reveal that mean spillover effects from 

the exchange rates to oil prices are significant in the long run, but not vice versa. However, the 

volatility spillover and the risk spillover effects are insignificant and limited. The negative 

relationship between oil prices and exchange rates can be explained by the intention of oil 

exporting countries to maintain their purchasing power from oil exporting revenue since the USD 

is the dominant trading currency in the international crude oil market (Wu et al., 2012). In 

importing countries, low oil price triggers the depreciation of the U.S. dollar and stimulates oil 

demand, which consequently causes oil price to recover. However, for foreign investors, the 
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depreciation of the U.S. dollar indicates possible higher inflation pressure. Thus, foreign investors 

who want to diversify their portfolios and hedge the risk of devaluation of the USD-related 

financial assets, will shift their investment weight from financial assets to commodity assets such 

as crude oil (Zhang et al., 2008; Cifarelli & Paladino, 2010). 

In addition to the unidirectional effects discussed in the aforementioned studies, the 

existence of a bi-directional effect between oil price and exchange rates is supported by 

Brahmasrene et al. (2014). They find that in the short term, changes in exchange rates influence 

the oil prices. However, the opposite is true in the mid-run and long-run. Bal and Rath (2015) also 

document the bi-directional non-linear Granger causality between the exchange rate of the Indian 

Rupee (INR) and WTI oil prices using monthly data from January 1994 to March 2013. Ding and 

Vo (2012) use the multivariate stochastic volatility (MSV) and multivariate GARCH models and 

find that information from one market is progressively absorbed by another market when the 

market is unstable, and the volatility interplay was more compelling during the global financial 

crisis. Statistically, a 10% increase in oil price volatility causes a 1.35% increase in the USD index 

volatility, while a 10% increase in the USD index volatility results in a 2.32% increase in oil return 

volatility. 

While numerous studies address the relationship between oil price and exchange rates, 

relatively few do so with a focus on the CAD. Investigating the impact of oil price on the CAD, 

Lizardo and Mollick (2010), find that an increase in real oil price causes a depreciation of the USD 

against the CAD. Ferraro et al. (2015) focus on the CAD exchange rate and analyze the relationship 

between WTI oil prices and the nominal exchange rates on daily, monthly, and quarterly bases. 

The authors find that in daily frequency, the volatility of oil price has a certain impact on the 

volatility of exchange rates. However, this effect does not hold with the monthly or quarterly data, 
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indicating that the relationship is ephemeral. More recently, Mensi et al. (2017) analyze the 

dependence structures between the daily WTI oil spot price and the currencies of 25 countries 

(including Canada) in both the short-run and the mid-run from January 4, 2000 to May 6, 2016. 

The authors use a variation model decomposition (VMD) and a copula function, and confirm that 

the CAD exchange rate has a long memory and persistent features, and that the structure 

dependence between the CAD exchange rate and the oil market is stronger in the short-run than in 

the mid-run, while also claiming that the increasing oil price causes the CAD exchange rate to 

decrease. Zhang et al. (2016) focus on the causality between the commodity prices and the 

exchange rates with both daily and intra-daily data from 1986 to 2015, and find that for the daily 

data, the significant predictive power of WTI crude oil price to the CAD exchange rate lasts up to 

three days, and that the causality from commodity price to the exchange rates is stronger than 

contrariwise. The authors also reveal that the results for 5-minute intraday data conform with the 

daily data findings, and that the causality diminishes in the longer horizon.  

2.3. The impacts of financial crises 

When anaylzing the effects of exogenous factors on oil and exchange rate returns and 

volatilities, it is crucial to account for the influence of factors like financial crises. The evidence 

that finanical crises will amplify the reactions of oil and exchange rate returns and volatilities has 

been documented in the literature. For instance, Brahmasrene et al. (2014) apply the vector 

autoregressive model and Granger Causality test to analyze monthly oil and exchange rates data 

from 1996 to 2009, and confirm that the 2008 global financial crisis had an impact on both the oil 

and exchange rates. The authors employ dummy variables to control for the crisis periods, 

assigning them a value of one for the month of June 2008, and zero otherwise, and find evidence 

of significant impacts of extreme oil volatility on exchange rates during the U.S. financial crisis. 
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Ding and Vo (2012) consider September 11, 2008 as a structural breakpoint and ascertain a 

volatility spillover between the foreign exchange and oil markets during the volatile period, and 

that the information is absorbed by two markets instantaneously during the pre-crisis period. More 

discussions on the global financial crisis can also be found in the studies by Ji and Guo (2015), 

Mensi et al. (2014; 2017), and Kang et al. (2017). 

Similarly, the effects of the EU crisis are supported in Kang et al. (2017), who analyze the 

six commodity future markets with the consideration for the U.S. and EU crises. The authors 

implement a DECO-GARCH model with weekly data from January 4, 2002 to July 28, 2016 and 

find that the volatility spillover is more pronounced during both the U.S. and the EU crises. 

Noticeably, the effect of the EU crisis inside the Eurozone reaches its highest level, where 60% of 

volatility spillover occurs in 2011 and 2012. Moreover, the authors conclude that gold and silver 

are transmitters and WTI oil is the net receiver of the volatility spillover. Kuruppuarachchi and 

Premachandra (2016) apply the conditionally heteroskedastic common factor (CHCH) compound 

with the generalized impulse response analysis method to investigate the information spillover 

between energy and other future commodity market sectors. In contrast with the non-crisis periods, 

the authors find that the EU crisis amplifies the shock from energy markets to other future market 

sectors.  

In order to detect the sensitivity of the exogeneous effects discussed above, this study 

considers both the U.S. crisis and the EU crisis. The construction of dummy variables and the 

definitions of the crisis periods have been detailed in Section 4.  
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3. Methodology 

We implement the methodology employed by Ben Omrane and Hafner (2009), since the 

impulse response function they employ does not impose restrictions on the time that the market 

needs to react to the exogenous factors. That is, it allows the impulse response to die out on its 

own without imposing constraints. First, we apply a multivariate volatility model to capture the 

simultaneous effects of macroeconomic news announcements, oil and gasoline inventory 

announcements, OPEC press releases and decisions on currency and oil returns with and without 

crises. We estimate the conditional mean equation to get the predicted residuals to fit the 

conditional volatility equation. One advantage of the multivariate volatility model is that it allows 

markets interdependency, which cannot be realized in the univariate model. Second, we use the 

impulse response analysis to detect the persistence of volatility over time. We decompose 

exogenous effects into direct and indirect effects, i.e. the direct impacts of news announcements, 

oil and gasoline inventory announcements, OPEC press releases and decisions on oil and CAD 

exchange rate, and the volatility spillover effects from oil to CAD exchange rate, as well as those 

from CAD exchange rate to oil. Lastly, we measure the accumulated volatility spillover from 

exogenous variables between returns. 

3.1. Exogenous effects on return and volatility 

Even though our focus is on volatility, we start with modeling the conditional mean with 

regression on returns related to cross-lagged rates, oil and gasoline inventory announcements, 

OPEC press releases and decisions, and macroeconomic news announcements. Under these 

circumstances, we can detect the cross-market dependence and dynamic responses to oil and 

gasoline inventory announcements, OPEC press releases and decisions, and macroeconomic news 

surprises.  
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Equation 1 examines the reaction of conditional oil returns to (і) its previous returns, (іі) 

contemporaneous CAD exchange rate returns, (ііі) inventory announcements, (іv) OPEC press 

releases and decisions, and (v) macroeconomic news announcements. 

𝑅𝑡
𝑂𝑖𝑙 = µ + ∑ 𝛼𝑖𝑅𝑡−𝑖

𝑂𝑖𝑙𝐼
𝑖=1 + 𝛽𝑅𝑡

𝐶𝑎𝑑 + ∑ 𝛾𝑗
2
𝐽=1 S𝑗,𝑡

𝐸𝑛𝑒𝑟𝑔𝑦
+ ∑ 𝜃𝑘𝑂𝑃𝐸𝐶𝑘,𝑡

4
𝑘=1 +

∑ ∑ 𝛿𝑙,𝑚
𝐿
𝑙=1

2
𝑚=1 𝑆𝑙,𝑚,𝑡 + ψ휀𝑡−1 +  휀𝑡   (1) 

ε𝑡 = √H𝑡z𝑡  (2) 

Where j presents the inventory announcement categories, each taking the value of one 

when it stands for crude oil inventory and taking the value of two when it represents gasoline. 

S𝑗,𝑡
𝐸𝑛𝑒𝑟𝑔𝑦

 is the inventory surprises. k stands for different OPEC categories, where it refers to OPEC 

decisions to cut when it equals to one; it stands for OPEC decisions to maintain when it equals to 

two; it represents for OPEC decisions to increase when it equals to three and it refers to OPEC 

press releases when it equals to four. 

𝑂𝑃𝐸𝐶𝑘,𝑡  are the dummy variables. m stands for macroeconomic news announcements, 

which equals to one when it refers to U.S. news and it equals to two when it represents Canadian 

news. 𝑆𝑙,𝑚,𝑡  are the news surprises. Besides aggregate inventory surprises, we also distinguish 

inventory surprises with positive and negative inventory surprises and estimate the same mean 

equation with the disaggregated inventory surprises . 𝑧𝑡  is the identically and independently 

distributed (i.i.d.) Gaussian white noise. 𝐻𝑡 is a 2 × 2 conditional variance-covariance matrix of 

returns that include past information and 𝐻𝑡 is the same as it is in Bollerslev (1990), where the off-

diagonal elements are conditional covariances, which are indefinite. Thus, the framework is 

regarded as a constant conditional correlation. In this case, 𝐻𝑡 = S𝑡𝑅S𝑡, where diagonal matrix St 
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includes conditional standard deviation and 𝑅  is the constant correlation matrix. These are 

regarded as an extension in Jeantheau (1998), and Ling and McAleer (2003), who conduct the 

multivariate GARCH model based on the univariate GARCH model. 

h𝑡 = ω + 𝐴
𝑡−1

+ 𝐵ℎ𝑡−1 + ∑ 𝜌𝑗
2
𝐽=1 S𝑗,𝑡

𝐸𝑛𝑒𝑟𝑔𝑦
+ ∑ 𝜏𝑘𝑂𝑃𝐸𝐶𝑘,𝑡

4
𝑘=1 + ∑ ∑ 𝜑𝑙,𝑚

𝐿
𝑙=1

2
𝑚=1 𝑆𝑙,𝑚,𝑡 (3) 

Where1 ℎ𝑡 = 𝑑𝑔(𝐻𝑡) is the 2 × 1 vector that includes the diagonal factors of 𝐻𝑡, 
𝑡−1

=

(ε1,𝑡−1
2 , ε2,𝑡−1

2 )
′
. The notations in the volatility equation are the same as they are in the mean 

equation. We are interested in detecting the volatility of returns with a multivariate GARCH model 

since the relation between oil prices and the exchange rates is shown to be non-linear. One 

assumption we make is that the current news announcements are unrelated to past information. For 

example, 𝐷𝑙𝑡 ≠  𝐷𝑙′𝑠  for all 𝑡 ≠ 𝑠 and all 𝑙′ . The total news announcments categories in three 

countries are 𝑙. Non-zero off-diagonal elements in A and B allow us to capture the volatility 

spillover between two returns with more flexibility. 

We then re-estimate Equations 1, 2 and 3, with consideration of the effects of the crises. 

We multiply oil and gasoline inventory surprises, OPEC press releases, OPEC decisions and 

macroeconomic news surprises with different crisis dummy variables. 𝑐 = 1, 2, 3 , where 1 

represents the U.S. crisis, 2 means the EU crisis and 3 stands for the non-crisis periods. 𝐷1,𝑡, 𝐷2,𝑡, 

𝐷3,𝑡 equal to one when it is during the U.S. crisis, the EU crisis and non-crisis periods respectively. 

Regarding the inventory announcements, we estimate both aggregate and disaggregate inventory 

surprises, where disaggregate inventory surprises include positive and negative inventory 

surprises. The mean equation with the crises effects is shown as follows.  

                                                           
1 The operator dg stacks the diagonal of a matrix into a column vector.  
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𝑅𝑡
𝑂𝑖𝑙 = µ + ∑ α𝑖

′𝑅𝑡−𝑖
𝑂𝑖𝑙𝐼

𝑖=1 + 𝛽′𝑅𝑡
𝐶𝑎𝑑 + ∑ ∑ 𝛾𝑗,𝑐

′2
𝐽=1 S𝑗,𝑐,𝑡

𝐸𝑛𝑒𝑟𝑔𝑦
𝐷𝑐,𝑡

3
𝑐=1 +

∑ ∑ 𝜃𝑘,𝑐
′ 𝑂𝑃𝐸𝐶𝑘,𝑐,𝑡𝐷𝑐,𝑡

4
𝑘=1

3
𝑐=1 + ∑ ∑ ∑ 𝛿𝑙,𝑚,𝑐

′ 𝑆𝑙,𝑚,𝑐,𝑡𝐷𝑐,𝑡
𝐿
𝑙=1

2
𝑚=1

3
𝑐=1 + ψ휀𝑡−1 + 휀𝑡 (4) 

         휀𝑡
′ = √𝐻𝑡

′𝑧𝑡
′ (5) 

Besides the mean equation, we also consider the crises effects with a volatility model. The 

cross-crisis volatility model is shown in Equation 6. 

h𝑡 = ω + 𝐴
𝑡−1

+ 𝐵ℎ𝑡−1 + ∑ ∑ 𝜌𝑗,𝑐
′ S𝑗,𝑐,𝑡

𝐸𝑛𝑒𝑟𝑔𝑦
𝐷𝑐,𝑡

2
𝐽=1

3
𝑐=1 + ∑ ∑ 𝜏𝑘,𝑐

′ 𝑂𝑃𝐸𝐶𝑘,𝑐,𝑡𝐷𝑐,𝑡
4
𝑘=1

3
𝑐=1 +

     ∑ ∑ ∑ 𝜑𝑙,𝑚,𝑐
′𝐿

𝑙=1
2
𝑚=1 𝑆𝑙,𝑚,𝑐,𝑡𝐷𝑐,𝑡

3
𝑐=1  (6) 

3.2. Impulse response analysis 

One may be interested in detecting the impact of exogenous information in a multivariate 

setting. Equation 7 defines the volatility impulse response function of exogenous information 𝑙 

effects at time horizon 𝑘. 

V𝑘𝑙 = E{h𝑡+𝑘|ℑ𝑡, D𝑙,𝑡 = 1} − E{h𝑡+𝑘|ℑ𝑡, D𝑙,𝑡 = 0} (7) 

Where ℑ𝑡 is the information set at time t. V𝑘𝑙 is the difference between the average effect 

of one standard deviation shock of information 𝑙 and non-shock average effect. By direct 

calculation we derive Equation 8. 

V𝑘𝑙 = (A + B)k−1𝛾𝑘 (8) 

If the process is covariance stationary, we could see shock diminishes to zero as time 𝑘 →

 ∞ since all eigenvalues of (A+B) are less than one. 

Then, we break down the effect of information 𝑙 into direct and indirect spillover effects 

and focus on detecting the impacts of direct effects via volatility spillover from information among 
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returns; particularly, how much total information effect 𝑙 in one return can be explained by the 

indirect effects from other returns. The information 𝑙 spillover effect to the 𝑖-th return at time 

horizon 𝑘 is expressed as 

δ𝑖𝑗𝑘𝑙 =
Γ𝑘,𝑖𝑗 𝛾𝑙

∑  Γ𝑘,𝑖𝑟 𝛾𝑙𝑟
𝑁
𝑟=1

, 𝑖, 𝑗 = 1, … , 𝑁 (9) 

Where Γ𝑘 = (A + B)k−1, which is the shock impact on volatility. Γ𝑘,𝑖𝑗 is the 𝑖𝑗-element of 

Γ𝑘, 𝛾𝑙𝑟 is the 𝑟-th element of γ𝑙. The denominator of Equation 9 is the i-th component of V𝑘𝑙, which 

gives the total effect of information l on i-th CAD exchange rate return after k periods. Equation 9 

computes the contribution of information l on the j-th component of CAD exchange rate return to 

the total effect of information 𝑙 for the 𝑖-th return after k periods. In other words, volatility spillover 

for 𝑘 > 1 occurs if the instant information effect is not zero. The ratio δ𝑖𝑗𝑘𝑙 provides a contribution 

of instantaneous information effects to the total information effects of other returns in the 

following periods due to the indirect effects. 

Instead of detecting the instant impulse response of a single information effect, one may 

also be interested in analyzing the accumulative spillover effect from information to the j-th return 

after 𝑘 periods, i.e. ∑ 𝑉𝑖𝑙
𝑁
𝑖=1 . We define the news spillover effect accumulation as 

Δ𝑖𝑗𝑘𝑙 =
∑  Γ𝑚,𝑖𝑗 𝛾𝑙𝑗

𝑘
𝑚=1

∑  ∑  Γ𝑚,𝑖𝑟 𝛾𝑙𝑟
𝑁
𝑟=1

𝑘
𝑚=1

 𝑖, 𝑗 = 1, … , 𝑁 (10) 

Where Δ𝑖𝑗𝑘𝑙  represents the accumulated information 𝑙  effect on return j to the total 

accumulated information 𝑙 effect on return 𝑖 after k periods. Different from the impulse response 

at a given horizon 𝑘, Equation 10 allows 𝑖 in determining the proportion of accumulated volatility 

impulse responses as 𝑘 →  ∞. 
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4. Data 

In this section, we interpret the collection and cleansing process of the CAD exchange rate, 

WTI oil prices, oil and gasoline inventory announcements, OPEC press releases and decisions, 

and macroeconomic news announcements data in both the U.S. and Canada. Furthermore, this 

section also details the calculation of inventory and macroeconomic news surprises. Finally, we 

discuss the choice of using daily versus intra-daily data. The empirical base of this study contains 

data from July 1, 2003, to December 31, 2017. 

4.1. OPEC press releases and decisions 

OPEC press releases and decisions data have been collected from the official OPEC 

website2, where they can be found in the section titled “press releases”. Several times a year, OPEC 

assesses the oil demand in the market and sets an oil production ceiling after scheduled and 

unscheduled conferences. In general, OPEC holds two regular conferences per year and would 

host additional conferences if necessary. Based on the conclusion of each conference, we classify 

OPEC’s decision on production levels as cut, maintain, or increase. These decisions originate not 

only from the regularly scheduled conferences, but also from the unscheduled meetings. In 

addition, we also created dummy variables for OPEC press releases, which include high-level 

dialogues between OPEC and other countries and organizations, OPEC Statistical Bulletin, OPEC 

world oil outlook, and so on. The dummy variable equals one if there is a press release, and equals 

zero otherwise. It is worth mentioning here that there were no decisions to cut and increase the 

production levels during the European crisis. 

[Please insert Tables 1 and 2 about here] 

                                                           
2 http://www.opec.org/opec_web/en/press_room/28.htm 

http://www.opec.org/opec_web/en/press_room/28.htm
http://www.opec.org/opec_web/en/press_room/28.htm
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Table 1 presents the details of OPEC decisions with the CAD exchange rate and WTI oil 

prices on their corresponding dates from July 1, 2003 to December 31, 2017. The highest frequency 

of meetings occurred in 2004, 2006, and 2008 when OPEC had six meetings per year. The intensity 

of OPEC decisions increased during these periods. The total number of each decision is presented 

in Table 2. For the whole sampling period, the total number of OPEC press releases, the decisions 

to cut, maintain and increase are 160, 6, 34 and 8, respectively. 

[Please insert Figure 2 about here] 

Figure 2 shows the cumulated OPEC decisions with WTI oil price and CAD exchange rate 

quotes respectively, from July 1, 2003, to December 31, 2017. In Panel A, the WTI oil price has 

the same movement as do the OPEC decisions from July 1, 2003, to July 31, 2009. Especially, the 

two variables coincided during July 31, 2007, to July 31, 2009, which indicates that OPEC 

decisions may have an impact on the fluctuations of oil prices. However, from July 31, 2009, to 

July 31, 2016, OPEC decisions were stable, while the oil price fluctuated eminently. Considering 

this, we would expect that OPEC decisions would have greater impact on the oil price before and 

during the U.S. crisis than in other periods. In Panel B, the CAD exchange rate also had the same 

movement as OPEC decisions before July 31, 2009. It fluctuated between July 31, 2009 and July 

31, 2017, whereas OPEC decisions were stable. This pattern implies that OPEC decisions would 

have more of an effect on the CAD exchange rate before and during the U.S. crisis, which is in 

line with the results reported in Panel A. Together, it is also expected that a relation of volatility 

exists between the CAD exchange rate and the WTI oil price, since they have similar movements 

not only before July 31, 2009 but also after the U.S. crisis. 
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4.2. Weekly energy inventory announcements 

According to Wolfe and Rosenman (2014), the U.S. Energy Information Administration 

(EIA) weekly inventory announcements is usually regarded as the main market mover in the 

energy market. Therefore, the weekly U.S. ending energy databases of crude oil inventory 

excluding SPR (Strategic Petroleum Reserve) and gasoline are considered and collected from the 

Weekly Petroleum Status Report on the EIA website3. The inventory is measured in thousands of 

barrels. For the weekly inventory announcements forecast, we consider and collect the Bloomberg 

weekly survey on ‘DOE U.S. Crude Oil Inventories’ and on ‘DOE U.S. Gasoline Inventories’ as 

market expectations. We consider the median forecast, which is generated based on the 

expectations from approximately 15 experts. In general, the EIA weekly inventory announcements 

are released every Wednesday, with the inventory level of the previous Friday. The reports are 

also sometimes released on Thursdays, to adjust for weeks with a holiday. Whereas, the Bloomberg 

estimated inventory stock is released two days before the EIA weekly inventory announcements. 

The starting point of this study is determined by the Bloomberg weekly inventory survey from 

July 16, 2003, which is the earliest available date to collect the inventory surveys for both crude 

oil and gasoline. 

Based on the work by Ye and Karali (2016), the inventory shock is calculated as 

𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑆𝑢𝑟𝑝𝑟𝑖𝑠𝑒𝑠 = 100 × (∆𝐼𝑛𝑣𝐴𝑐𝑡𝑢𝑎𝑙,𝑚,𝑤 − ∆𝐼𝑛𝑣𝑆𝑢𝑟𝑣𝑒𝑦,𝑚,𝑤)/𝐼𝑛𝑣𝐴𝑐𝑡𝑢𝑎𝑙,𝑚,𝑤 (11) 

The “inventory surprise” is the difference between the actual EIA energy weekly inventory 

changes and the Bloomberg expected inventory changes, divided by the EIA energy inventory 

level. m is the set of two key petroleum products: crude oil and gasoline, and w is the number of 

                                                           
3 https://www.eia.gov/petroleum/supply/weekly/ 

https://www.eia.gov/petroleum/supply/weekly/
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weeks. In accordance with Ye and Karali (2016), to detect the asymmetric effect of inventory 

announcements on oil and CAD exchange rate volatility, we distinguish the positive inventory 

surprises from the negative inventory surprises, where the positive (negative) inventory surprises 

occur when the Bloomberg survey under(over)-estimates the inventory balance. 

[Please insert Figure 3 about here] 

Figure 3 shows the positive and negative inventory surprises of crude oil and gasoline over 

the whole sampling period. The surprises are evenly distributed, since they are weekly 

announcements. Although there are no obvious patterns of the movements of the inventory 

surprises, during the U.S. crisis, the positive inventory surprises are relatively more clustered than 

the negative inventory surprises for both crude oil and gasoline. We expect an asymmetric effect 

of positive and negative inventory surprises on both oil return volatility, and CAD exchange rate 

return volatility. 

4.3. Scheduled macroeconomic news announcements 

All the scheduled news announcements regarding the macroeconomic news are distilled 

from Bloomberg under the economic calendar function. The stamped-to-the-minute news come 

with an economic agenda that contains the survey, actual and frequency information, as well as 

the date and time of when the announcements are released. We select 17 U.S. macroeconomic 

news categories by following Andersen et al. (2003). We also choose 15 Canadian news categories 

according to Gravelle and Moessner (2011), and Doukas and Switzer (2004). For the U.S. 

macroeconomic news announcements, GDP and personal consumption are released quarterly, 

FOMC rate decisions are released every six weeks, and the initial jobless claims are announced on 

a weekly basis. Other U.S. news announcements are released monthly. In the case of Canadian 
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macroeconomic news announcements, the capital utilization rate and the current account balance 

are released quarterly, and the Bank of Canada rate decision is announced every six weeks. The 

rest of the Canadian news are released monthly. 

The “news surprises” is calculated as the difference between the median survey expectation 

and the actual realization (Balduzzi et al., 2001). We then follow Balduzzi et al. (2001) to calculate 

the standardized news by dividing the news surprise with its sample standard deviation: Sz,t = (Az,t 

– Ez,t) / �̂�z . Where Ez,t is the value of median survey at time t, Az,t is the actual announced value of 

indicator z at time t and �̂�z is the sample standard deviation of news surprise. Since the standard 

deviation is constant for all news types, the standardized news surprises would have no statistical 

effects on the volatility responses, which makes it more meaningful when we compare the different 

news categories. After having the news surprise for each news category, we create dummy 

variables for each news surprise, where zero stands for no news surprise and one stands for when 

there is a news announcement. We then merge the news announcements data with the oil and CAD 

exchange rate returns based on the date. This study considers January 1, 2008, as the starting point 

of the 2008 global financial crisis, based on the National Bureau of Economic Research (NBER 

henceforth) and the Centre for Economic Policy Research (CEPR) 4. The ending date of the 2008 

global financial crisis is June 30, 2009. Regarding the European sovereign debt crisis, the period 

is from October 1, 2011, to March 31, 2013. Table 3 includes the macroeconomic news categories 

for the U.S. and Canada from the period July 1, 2003, to December 31, 2017. 

[Please insert Table 3 about here] 

                                                           
4 https:// www.nber.org/cycles.html/ and https://cepr.org/content/euro-area-business-cycle-dating-committee/ 

http://www.nber.org/cycles.html/
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4.4. WTI oil price and CAD exchange rate 

In this study, we also consider the West Texas Intermediate (WTI) oil price and the 

Canadian dollar exchange rate. The oil prices data and the CAD exchange rate are collected in 

daily frequency. The CAD exchange rate is measured as the units of USD per one unit of CAD. 

The WTI crude oil price is one of the major international crude oil benchmarks and is stated in 

USD per barrel. The WTI oil price and the exchange rates quotes are collected from the FRED 

Economic Database5 of the Federal Reserve Bank of St. Louis. 

To deal with the issue of missing values in oil and exchange rate quotes, we take the 

average value of one day before and one day after the missing value. For two continuous missing 

quotes, we take the average value of the closest two dates to fill the first missing value. Then, we 

treat the second missing value the same way a single missing value would be calculated. After 

accounting for the missing values, we calculate the rate of daily returns on oil and exchange rates, 

where Ri = 100*(ln(Ri) – ln(Ri-1)). To have a clearer view of the data, we multiply the oil and 

exchange rate returns by 100. 

[Please insert Table 4 about here] 

Table 4 presents the statistic description of WTI oil prices and the exchange rate returns 

from July 1, 2003, to December 31, 2017. This table includes the whole sampling period as well 

as the two sub-periods for the U.S. crisis and EU crisis. Except for oil returns during the U.S. crisis, 

both returns in the other three periods have a kurtosis value greater than three, which indicates the 

existence of the fat tail feature. In Panel A, for the duration of the whole sample and the U.S. crisis, 

the means of returns are positive but close to zero, while during the EU crisis, the means of returns 

                                                           
5 https://fred.stlouisfed.org/ 

https://fred.stlouisfed.org/
https://fred.stlouisfed.org/
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are less than but close to zero. Higher means may indicate that the returns are more volatile during 

the U.S. crisis than they are during the EU crisis. In general, the standard deviations are greater 

than the means, which is a typical feature of financial time series data (Ding & Vo, 2012). Oil has 

the largest standard deviations of all variables in both the crisis, and the entire sampling periods, 

which implies that the WTI oil price returns are more volatile than the CAD exchange rate returns. 

This is in line with the findings of previous literature that report higher volatilities of commodities 

(Wu et al., 2012).  

The CAD exchange rate returns have greater kurtoses than those of WTI oil returns in all 

three sampling periods. However, when considering the skewness, the CAD exchange rate returns 

are the only variable that skews to the left during the EU crisis. The effects of the crisis can be 

observed with the means, standard deviations and skewness during the U.S. crisis. In general, the 

first and second order autocorrelations of returns weakly correlate with returns. However, they 

have a stronger correlation regarding the absolute returns. 

[Please insert Table 5 about here] 

Table 5 presents the daily return correlation of oil and CAD exchange rate from July 1, 

2003 to December 31, 2017. This table displays correlations for the duration of the entire sampling 

period, as well as for the two crisis periods. The effects of the crises are noticeable with the 

increasing trend of the daily return correlation. Surprisingly, the correlation during the European 

crisis is greater than in the U.S. crisis. This result does not coincide with the result from Table 4, 

suggesting that the U.S. crisis has greater impact on returns than does the EU crisis. This 

discrepancy is worth investigating further. 

[Please insert Figure 1 here] 
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Figure 1 Panel A presents the movement of the daily oil prices and the exchange rates for 

the whole sampling period. There is a clear co-movement between the two variables. For example, 

both the variables increased in value between July 2003 and July 2008. When oil prices decreased 

between July 2008 and December 2008, the CAD exchange rate also declined. Both the values 

fluctuated during the EU crisis. After July 2014, both value showed a downward trend and 

fluctuated slightly around the level of stability. 

The absolute CAD exchange rate and oil returns are presented in Panels B and C, 

respectively. Both absolute returns show the spikes and volatility clustering during the 2008 U.S. 

financial crisis. During the EU crisis, the absolute returns volatility was much less significant than 

during the U.S. crisis. 

4.5. Discussion on daily and intra-daily data 

One may call the use of daily frequency data choice into question since there is evidence 

that the macroeconomic news effects on the exchange rates diminish within minutes, thus using 

low-frequency data may yield an insignificant result. However, we agree with Ehrmann and 

Fratzscher (2005) that the impacts of macroeconomic news announcements on exchange rate 

movement and oil price fluctuation only makes sense if the impacts last longer. Moreover, the 

reasons for not choosing intra-daily data are also supported by Ehrmann and Fratzscher (2005). 

The evidence of asset prices overreacting to news releases is documented by Faust, et al. (2003). 

Such overreaction indicates that the actual effects of news would be smaller than the instant 

reaction of asset prices, and calls the accuracy of using intra-daily data into question. It can also 

be argued that bias may occur when there is more than one news announcement in one day. For 

instance, the noise from one news release may be included in analyzing other news announcements. 

However, this is not the case if the news released on that day is not systematic or related to other 
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periodical news (Ehrmann & Fratzscher, 2005). Also, according to Evans and Lyons (2005), the 

daily data generates a reliable indication of price effects at a lower frequency. Moreover, the daily 

“Data Watching” routine in the foreign exchange market has been widely- and historically-known. 

This routine implies that the daily data has good accessibility and accuracy (Galati & Ho, 2003). 

Besides the relationship between the macroeconomic news and the oil market, researchers 

have justified the use of daily data when investigating the movements between the oil market and 

the currency market (Zhang et al., 2008; Ferraro et al., 2015), oil market and OPEC information 

(Schmidbauer & Rösch, 2012; Mensi et al., 2014; Loutia et al., 2016), and oil market and inventory 

announcements (Bu, 2014). Therefore, we believe the daily frequency data to be sufficiently 

suitable to capture the effects of macroeconomic news, oil and gasoline inventory announcements, 

and OPEC press releases and decisions on the oil and exchange rate volatilities. 

5. Empirical results 

In this section, we present the results of the multivariate volatility model estimation and 

the impulse response analysis. As well, an interpretation of the results is also included in each 

subsection. The order of this section is as follows. First, we focus on the simultaneous effects of 

OPEC press releases and decisions, oil and gasoline inventory announcements, macroeconomic 

news announcements on WTI oil and CAD exchange rate volatilities. We estimate the conditional 

means and volatility with and without the effects of the crises, before we categorize the oil and 

gasoline inventory announcement surprises into positive and negative shocks. With disaggregated 

inventory announcements, we re-estimate conditional means and volatility equations with and 

without the consideration of the crisis effects. After that, we implement the impulse response 

analysis to detect the persistence of volatility and to decompose the effects into direct and indirect 
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effects. The results and interpretations of conditional mean and volatility are included within each 

subsection. 

5.1. Simultaneous macroeconomic news, oil and gasoline inventory 

announcements, OPEC press releases and decisions effects on oil and 

CAD/USD returns 

In this section, we focus on the multivariate volatility model and estimate Equation 1 and 

2, which is the case without the inclusion of the crises, with consideration for both inventory 

surprises aggregation and disaggregation. After that, we re-estimate the multivariate volatility 

model with the effects of the crises, in Equation 4 and 5. The cases of inventory surprises 

aggregation and disaggregation are included in this step as well. We find that one lag yields the 

best result of the auto-regression and confirm a contemporaneous effect between WTI oil returns 

and CAD exchange rate returns. 

5.1.1. Effects of macro news, aggregate oil and gasoline inventory announcements, 

OPEC press releases and decisions on returns without the crises 

In this subsection, we measure the effects of macroeconomic news announcements, oil and 

gasoline inventory announcements, OPEC press releases and decisions on returns without the 

consideration of crises and find positive and significant contemporaneous effects of oil returns and 

CAD exchange rate returns on each other. In the CAD exchange rate return equation, past 

information is one of the factors that explains the current return movements. However, this effect 

does not hold in the equation of oil returns. 

[Please insert Table 6 about here] 

Regarding OPEC press releases and decisions, as shown in Table 6, we find that the 

decisions to cut and maintain have the strongest impacts on oil returns only. This result confirms 
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the findings by Mensi et al. (2014) and Loutia et al. (2016). The decisions to cut decrease the oil 

returns, while the decisions to maintain increase the oil returns. Surprisingly, the inventory 

surprises are not pronounced in either of the conditional mean equations. For the U.S. 

macroeconomic news announcements, the initial jobless claim has negative impacts on the oil 

returns, while at the same time the construction spending increases the oil returns. Furthermore, 

the FMOC rate decision and GDP have negative impacts on CAD exchange rate returns, whereas 

the producer price index has positive effects on CAD exchange rate returns. Canadian 

macroeconomic news announcements, not surprisingly, are more eminent in the equation of CAD 

exchange rate returns. Consumer price index (CPI) strongly affects both returns, having a negative 

influence on oil returns and a positive impact on CAD exchange rate returns. The same patterns 

apply to the current account balance. Housing starts and wholesale trade balance have an impact 

on WTI oil price returns, whereas industrial product price, BOC rate decision, IVEY index, 

manufacturing sales, retail sale, and unemployment rate affect CAD exchange rate returns. In 

general, the U.S. news affects both returns, while the effects of Canadian news announcements are 

more pronounced on CAD exchange rate returns than they are on oil returns. Moreover, the 

impacts of OPEC decisions outweigh the impacts of oil and gasoline inventory announcements for 

both the returns. 

5.1.2. Effects of macroeconomic news, aggregate oil and gasoline inventory 

announcements, OPEC press releases and decisions on returns with crises 

In this subsection, we re-estimate the conditional mean Equation 1 while accounting for 

the crisis periods and non-crisis periods. According to Panel A, the result is indifferent with or 

without the crises. The U.S. crisis enhances the effects of OPEC decisions to cut, where the 

decisions to cut the current production level negatively affect the oil returns but positively 

influence the CAD exchange rate returns. OPEC decisions to increase have positive and significant 
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effects on WTI oil returns in non-crisis periods. However, in the CAD exchange rate return 

equation, the effects do not hold. The CAD exchange rate returns are more responsive to OPEC 

press releases than oil returns during the U.S. crisis. Oil and gasoline inventory announcements 

are also found to be unaffected by the crisis effects. The results from the conditional means with 

the crises confirm our previous findings that OPEC press releases and decisions have greater 

impact on both WTI oil and CAD exchange rate returns than inventory announcements. 

[Please insert Tables 7 Panel A and B about here] 

The crisis effects are also evident in Panel B. We find that the U.S. macroeconomic news 

surprises have the most significant impact on both the oil and the CAD exchange rate returns 

during the U.S. crisis. When preliminary GDP has significant negative impacts on oil returns, 

advanced GDP has positive impacts on oil returns. Besides, all other significant news has positive 

influence on oil returns, which implies that the release of noteworthy news would increase the oil 

returns. During non-crisis periods, the significance of U.S. news announcements diminishes. Only 

the initial jobless claim negatively affects the oil returns. The U.S. macroeconomic news surprises 

do not have significant effects on oil returns during the EU crisis. In the conditional mean equation 

of CAD exchange rate returns, during the U.S. crisis, the announcements of consumer confidence 

index, FOMC rate decisions, factory orders, GDP (both advance and preliminary) and 

unemployment rate decrease the CAD exchange rate returns. Whereas, the announcements of 

business inventory, CPI excluding food and energy and construction spending, increase the CAD 

exchange rate returns. Same as the oil returns conditional mean equation, the significance of U.S. 

macroeconomic news surprises is decreasing in the non-crisis periods and disappears during the 

EU crisis. Definitively, only producer price index (PPI) and personal consumption have an impact 
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on CAD exchange rate, where the PPI increases the CAD exchange rate returns and personal 

consumption decreases the CAD exchange rate returns. 

[Please insert Table 7 Panel C about here] 

Compared with the U.S. news announcements, Canadian macroeconomic news have 

relatively less significant impacts on both oil and CAD exchange rate returns in the U.S. crisis, 

and such effects were more notable in non-crisis periods. Moreover, both countries’ news 

announcements lost their significance during the EU crisis. During the U.S. crisis, news releases 

related to building permits, GDP, and industrial production prices, augmented oil returns, while 

the ones related to CPI, current account balance and wholesale trade balance, lowered oil returns. 

In non-crisis periods, all the significant news have negative impacts on the oil returns except for 

housing starts. In the conditional mean equation of CAD exchange rate returns, most of the news 

are significant in non-crisis periods. Every significant news release increases the CAD exchange 

rate returns except for the unemployment rate, which decreases the CAD exchange rate returns 

significantly. During the U.S. crisis, GDP and housing starts had negative impacts on CAD/USD 

returns and current account increased the CAD exchange rate returns. Overall, the impact of 

Canadian macroeconomic news announcements on CAD exchange rate returns is less during the 

U.S. crisis than in non-crisis periods. 

[Please insert Table 7 Panel D about here] 

We report the p-value of the coefficients differences Wald test of the variables in the 

conditional mean equation. The null hypothesis is that the coefficients of variables between 

different crisis periods are the same. In the conditional mean equations of oil returns, gasoline 

inventory announcements between the U.S. crisis and the EU crisis are significantly different. 
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OPEC decisions to cut are significantly different across the three periods, while OPEC decisions 

to increase are different between the EU crisis and the other two periods. The results of OPEC 

decisions to cut and increase confirm our Wald test results. Regarding the U.S. macroeconomic 

news surprises, the construction spending, GDP (both advance and preliminary), PPI, personal 

consumption, retail sales, trade balance and unemployment are the differences between the U.S. 

crisis and the other two periods. This result is in line with what we find in the conditional mean 

equation, where the U.S. macroeconomic news yield the most significant results during the U.S. 

crisis, compared to during the other two periods. For the Canadian macroeconomic news, the result 

of the Wald difference test also confirms the finding in the conditional mean equation, where the 

Canadian macroeconomic news surprises have significant impact in both U.S. and non-crisis 

periods. 

In the conditional mean equation of CAD exchange rate returns, besides OPEC decisions 

to cut and increase, OPEC press releases are also significantly different between the U.S. crisis 

and the other two periods. This finding is in accordance with the significant negative impact of 

OPEC press releases on CAD exchange rate returns during the U.S. crisis. Furthermore, the 

significant impacts of OPEC decisions to cut, on the CAD exchange rate returns are also supported 

by the Wald difference test. Most of the U.S. macroeconomic news announcements are different 

between the U.S. crisis and the other two periods, which provides evidence for significant 

Canadian macroeconomic news effects on the CAD exchange rate returns during the U.S. crisis. 

Also, the difference between the non-crisis periods and the two crises confirms our finding in the 

conditional mean equation with Canadian macroeconomic news announcements, which mainly 

influence CAD exchange rate returns in non-crisis periods. 
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5.1.3. Effects of macroeconomic news, disaggregate oil and gasoline inventory 

announcements, OPEC press releases and decisions on returns without the crises 

In this subsection, we re-estimate the conditional mean equation for both returns, with the 

consideration of positive and negative inventory announcement surprises. As in the case of 

aggregate inventory announcements surprises, the oil and CAD exchange rate returns have positive 

impacts on each other as well, and past information only plays a role in the equation of CAD 

exchange rate. OPEC decisions to cut and maintain have the most significant impact on oil returns, 

which also confirms the finding by Mensi et al. (2014) and Loutia et al. (2016). Notably, OPEC 

decisions to cut decrease the oil returns, whereas the decisions to maintain increase the oil returns. 

Disaggregating the inventory announcement surprises into positive and negative surprises does not 

add additional information to our previous results. This result confirms that OPEC decisions have 

a more significant impact on oil and CAD exchange rate returns than on inventory announcements. 

As regards the macroeconomic news announcements, both the U.S. and Canadian news have a 

more significant impact on CAD exchange rate returns than on oil returns. For the U.S. 

macroeconomic news announcements, the release of construction spending increases the oil 

returns when the initial jobless claim had a reverse impact. The FOMC rate decision, factory orders, 

and GDP news announcements negatively affect the CAD exchange rate returns while the PPI 

increases the CAD exchange rate returns.  

As for the Canadian macroeconomic news announcements, the releases of CPI, current 

account balance, BOC rate decisions and wholesale trade balance negatively and significantly 

affects the oil returns, when at the same time housing starts increases the oil returns. In the 

conditional mean equation of the CAD exchange rate returns, CPI, current account balance, BOC 

rate decisions, manufacturing sales, and retail sales positively influence the CAD exchange rate 
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returns, whereas the releases of industrial product prices and unemployment rates decrease the 

CAD exchange rate returns. The results of Table 8 confirm the previous finding that the CAD 

exchange rate returns are more sensitive to the macroeconomic news announcements than are the 

oil returns. 

[Please insert Table 8 about here] 

5.1.4. Effects of macroeconomic news, disaggregate oil and gasoline inventory 

announcements, OPEC press releases and decisions on returns with crises 

In this subsection, we re-estimate the conditional mean equation with the crises and 

positive/negative inventory announcement surprises. In Table 9, Panel A, the returns of oil and 

CAD exchange rate have positive and significant contemporaneous effects on each other. In 

addition, the one lag rate of return only plays a role in the equation of CAD exchange rate returns, 

which is consistent with the previous finding. OPEC decisions to cut decreased the oil returns and 

increased CAD exchange rate returns during the U.S. crisis. This result confirms the previous 

finding that OPEC decisions to cut yield a significant result during the period of financial 

turbulence. OPEC decisions to increase positively affect the CAD exchange rate returns in non-

crisis periods. OPEC press releases have negative impacts on CAD exchange rate returns during 

the U.S. crisis.  

Surprisingly, the inventory announcements surprises disaggregation amplifies the impact 

of inventory announcements. For example, the effects of energy inventory surprises are 

pronounced on the CAD exchange rate returns. Specifically, the positive crude oil inventory 

increases the returns of CAD exchange rate during the U.S. crisis but decreases the CAD exchange 

rate returns in non-crisis periods. The CAD exchange rate returns is negatively affected by both 

the positive and negative gasoline inventory announcements. To conclude, although we find a 
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more significant effect of inventory by disaggregating the inventory announcement surprises, 

OPEC press releases and decisions have a more significant impact on both oil and CAD exchange 

rate returns than do inventory surprises, since the inventory announcements only affect the CAD 

exchange rate returns. 

[Please insert Table 9 Panels A, B and C about here] 

The U.S. crisis effects are confirmed with the U.S. macroeconomic news, which have a 

more significant impact on oil returns and CAD exchange rate returns during the U.S. crisis than 

during the other two periods. In Table 8, Panel B, the U.S. macroeconomic news announcements 

effects can be seen to be more pronounced during the U.S. crisis than during the other two periods. 

Particularly, all significant U.S. news announcements increase oil returns during the U.S. crisis, 

expect for the GDP-preliminary, which has negative impacts on oil returns. Likewise, without 

inventory surprises disaggregation, the effects of U.S. macroeconomic news diminished in non-

crisis periods, where only the initial jobless claim has an impact on oil returns. The effects of U.S. 

macroeconomic news vanish during the EU crisis. Besides, the effects of the U.S. crisis are also 

confirmed in the conditional mean equation of the CAD exchange rate returns, where the U.S. 

macroeconomic news mainly affects the CAD exchange rate returns during the U.S. crisis. 

Prominently, the business inventory, CPI (excluding food and energy) and construction spending 

increase the CAD exchange rate returns, whereas the consumer confidence index, FOMC rate 

decisions, factory orders, GDP-Advance, production price index and trade balance decrease the 

CAD exchange rate returns. In the non-crisis periods, the effects of the U.S. macroeconomic news 

decrease. While PPI increases the CAD exchange rate returns, personal consumption negatively 

affects the CAD exchange rate returns. This result is consistent with the finding that the inventory 

announcement disaggregation is negligible. 
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Canadian macroeconomic news play a role in impacting the oil returns during the U.S. 

crisis and non-crisis periods but not in the EU crisis. This result is also in line with the case where 

we consider the aggregate inventory announcement surprises, and find that building permit, GDP, 

and industrial product prices increase the oil returns, whereas CPI, wholesale trade balance, and 

current account balance decrease the oil returns during the U.S. crisis. Within the non-crisis periods, 

all significant Canadian macroeconomic news announcements have negative impacts on oil returns, 

except for the news about housing starts and raw material prices. In the conditional mean equation 

of CAD exchange rate returns, GDP and housing starts are shown to have negative impacts on 

CAD exchange rate returns when the current account balance has positive effects on CAD 

exchange rate returns during the U.S. crisis. In the non-crisis periods, all significant Canadian news 

announcements have positive effects on CAD exchange rate returns, except for the unemployment 

rate. In general, both oil and CAD exchange rate returns are more sensitive to Canadian 

macroeconomic news announcements in non-crisis periods than during the other two periods. This 

finding is also in line with the condition where we do not consider the positive/negative inventory 

announcement surprises. 

[Please insert Table 9 Panel D about here] 

We conduct the coefficients differences Wald test with the consideration of disaggregated 

inventory announcement surprises and report the p-value in Table 9, Panel D. Positive oil 

inventory announcements and positive gasoline inventory announcements are significantly 

different between the U.S. crisis and the non-crisis periods. Besides, the positive gasoline 

inventory is also different between the U.S. crisis and EU crisis. This finding confirms the result 

of the conditional mean equation, where the positive oil inventory and negative gasoline inventory 

have significant impacts on CAD exchange rate returns. OPEC decisions to cut are significantly 
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different among all three periods in the oil return equation and are significantly different between 

the U.S. crisis and the other two periods in the CAD exchange rate return equation. This result is 

confirmed with the results from the conditional mean equation of both returns, where decisions to 

cut play a role during the U.S. crisis.  

OPEC press release are significantly different between the U.S. crisis and the other two 

periods in the equation of CAD exchange rate returns. This finding confirms the significant impact 

of OPEC press releases on the CAD exchange rate during the U.S. crisis. Regarding 

macroeconomic news, the pattern is similar to the condition with aggregated inventory 

announcement surprises. For example, U.S. macroeconomic news announcements are different 

mostly between the U.S. crisis and the other two periods, whereas most of the significant Canadian 

macroeconomic news surprises are different between the U.S. crisis and non-crisis periods. This 

result is in line with the fact that U.S. news announcements play a larger role in affecting the 

returns during the U.S. crisis than during the other two periods. However, the Canadian 

macroeconomic news effects on returns yield more significant results in non-crisis periods. 

5.2. Simultaneous macroeconomic news, oil and gasoline inventory 

announcements, OPEC press releases and decisions effects on oil and 

CAD/USD volatility 

In this section, we focus on the effects of macroeconomic news, oil and gasoline inventory 

announcements, OPEC press releases and decisions on volatility, and estimate Equations 3 and 6. 

The circumstances of aggregated and disaggregated oil and gasoline inventory announcements 

surprises are also included within each equation. 
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5.2.1. Effects of macroeconomic news, aggregate oil and gasoline inventory 

announcements, OPEC press releases and decisions on volatility without the crises 

The effects of macroeconomic news surprises, oil and gasoline inventory announcements, 

OPEC press releases and decisions on conditional volatility are shown in Table 10. The diagonal 

elements of A are higher than the off-diagonal elements of A, which indicates that the own lagged 

squared returns have a greater significant impact on its own volatility than the other squared returns. 

However, the off-diagonal elements of A are significant and positive in both volatility equations, 

which implies that there is a volatility spillover between oil returns and CAD exchange rate returns. 

The largest eigenvalue is 0.9890, which indicates that the persistence has been partially absorbed 

by exogenous news. OPEC press releases and the three decisions (cut, maintain, increase) play an 

important role in influencing oil volatility. Specifically, all three decisions and OPEC press 

releases have positive and significant impacts on oil volatility, where the decision to maintain is 

the only factor that has an impact on CAD exchange rate volatility. This result is not surprising, 

since most of OPEC decisions entail maintaining the current decisions. Regarding oil and gasoline 

inventory announcements, we find that the crude oil inventory announcements have an increasing 

impact on oil volatility but not on CAD exchange rate volatility. Hence, we can conclude that 

OPEC press and decisions have a more significant effect on both oil and CAD exchange rate 

volatility than do energy inventory announcements. Moreover, oil volatility is more sensitive to 

these surprises than is CAD exchange rate volatility. 

However, we find that CAD exchange rate volatility is more sensitive regarding U.S. 

macroeconomic news surprises. Only personal consumption has positive and significant impacts 

on both volatility returns, while other significant news surprises only play a role in influencing the 

CAD exchange rate volatility. Specifically, the U.S. macroeconomic news such as business 

inventories, initial jobless claim, and personal consumption increase the CAD exchange rate 



41 

volatility whereas CPI (Ex-food and energy), change in nonfarm payrolls and new home sales 

decrease CAD exchange rate volatility. On the contrary, the effects of the Canadian 

macroeconomic news is more pronounced on oil volatility than it is on CAD exchange rate 

volatility. Building permits and current account balances both have positive and significant 

impacts on oil volatility, which indicates that the releases of these two news reports increase oil 

volatility. Overall, we can conclude that the CAD exchange rate volatility is more sensitive to U.S. 

macroeconomic news surprises and oil volatility has more reactive to energy inventory 

announcements, OPEC press releases and decisions. 

5.2.2. Effects of macroeconomic news, aggregate oil and gasoline inventory 

announcements, OPEC press releases and decisions on volatility with crises 

[Please insert Table 11 Panel A about here] 

In this sub-section, we estimate Equation 6 and report the results in Table 11, Panel A. As 

we can see, the diagonal elements of A are greater than the off-diagonal elements of A in both 

returns. This result indicates that the squared returns have a more significant impact on its own 

volatility than on the other squared returns. However, the off-diagonal elements of A were also 

significant, which implies that there is a volatility spillover. The maximum eigenvalue is 0.9857, 

which implies that the persistence is assimilated by exogenous news.  

Overall, our results shed light on proving the significance of OPEC decisions on oil 

volatility with daily frequency data, which Wang et al. (2008) fail to capture. Particularly, OPEC 

decisions to cut have positive and significant impacts on both oil and CAD exchange rate 

volatilities during the U.S. crisis. In this case, we can conduct the impulse response analysis 

regarding decisions to cut on oil and CAD exchange rate volatilities. Moreover, it also has positive 

and significant impacts on oil returns in non-crisis periods. OPEC decisions to increase 
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significantly increase oil volatility only in non-crisis periods. Besides, the U.S. crisis effects are 

also supported by OPEC decisions to maintain, which are positive and significant in both oil and 

CAD exchange rate conditional volatility equations during the U.S. crisis. Our results are partially 

in line with Schmidbauer and Rösch (2012), but reveal the significance of OPEC’s decisions to 

increase by also taking into consideration the crises. OPEC press releases provide support to EU 

crisis effects, having the opposite effects on oil and CAD exchange rate volatility, wherein they 

increase oil volatility and decrease the volatility of CAD exchange rate. 

Moving onto the oil and gasoline inventory announcements, we find asymmetric effects 

between crude oil inventory announcements and gasoline inventory announcements. For example, 

gasoline inventory announcements have stronger impacts on both oil and CAD exchange rate 

volatilities than have crude oil inventory announcements. Specifically, the gasoline inventory 

announcements had negative impacts on oil volatility during the U.S. crisis and negative impacts 

on CAD exchange rate during the EU crisis. This result is unanticipated, since crude oil inventory 

surprise is the only factor that influences oil volatility in the absence of the crises. 

Regarding macroeconomic news announcements, only the U.S. macroeconomic news have 

an impact on oil and CAD exchange rate volatilities. The releases of construction spending and 

new home sales decreased the oil volatility during the U.S. crisis and EU crisis respectively. On 

the other hand, the unemployment rate increased oil volatility during the EU crisis. For CAD 

exchange rate volatility, new home sales and unemployment rates decreased the volatility of CAD 

exchange rate during the EU crisis, whereas the trade balance had inverse effects on CAD 

exchange rate volatility in the U.S. crisis and non-crisis periods. The effects of OPEC press releases 

and decisions on oil and CAD exchange rate volatilities are more significant than those of 
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inventory announcements. This result is consistent with our findings in the conditional mean 

equations. 

[Please insert Table 11 Panel B about here] 

Same as the coefficients differences Wald test in the conditional mean equation, we 

conduct the Wald test for volatility equations and report the p-value in Table 11, Panel B. OPEC 

decisions to maintain are significant across all three periods for both equations, confirming the 

significance of decisions to maintain in both volatility equations. OPEC decisions to cut are 

different across all three periods in CAD exchange rate conditional volatility equation and across 

the U.S. crisis and non-crisis periods in the oil volatility equation. Since OPEC decisions to cut 

yielded a significant result in both oil and CAD exchange rate volatilities during the U.S. crisis, it 

is worthwhile to conduct the impulse response analysis and detect whether there is a volatility 

spillover. For the OPEC press releases, the Wald test results are significantly different in both 

volatility equations between the EU crisis and non-crisis periods. Such results provide a potential 

explanation for the fact that OPEC press releases significantly influenced the oil and CAD 

exchange rate volatilities only during the EU crisis. Regarding the oil and gasoline inventory 

announcements, the Wald test results show that gasoline inventory announcements are more 

significant than crude oil inventory announcements. This finding is also true for the results of the 

volatility equation, where gasoline inventory announcement is the only factor that influences the 

oil and CAD exchange rate volatility. 

5.2.3. Effects of macroeconomic news, disaggregate oil and gasoline inventory 

announcements, OPEC press releases and decisions on volatility without the crises 

[Please insert Table 12 about here] 
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In this subsection, we re-estimate the conditional volatility equation with the consideration 

of the positive and negative inventory announcement surprises and present the results in Table 12. 

The diagonal elements of A are greater than the off-diagonal elements of A in both oil and CAD 

exchange rate volatilities. The off-diagonal elements of A are also positive and significant, which 

indicates a volatility spillover. In general, the oil volatility is more sensitive to OPEC press releases 

and decisions, compared to the CAD exchange rate volatility. OPEC decisions to cut and increase 

cause the volatility of oil to increase, when OPEC press releases decrease the oil volatility. 

Moreover, OPEC decisions to increase also augment the volatility of CAD exchange rate. The 

effects of inventory announcements in volatility equations are more appealing than those in the 

mean equations. Specifically, both positive and negative oil inventory announcement surprises 

decrease the oil volatility, while gasoline inventory surprises affect the CAD exchange rate 

volatility. The positive gasoline inventory announcement surprises decrease the CAD exchange 

rate volatility, whereas the negative gasoline inventory announcement surprises increase the CAD 

exchange rate volatility. 

In general, U.S. macroeconomic news increase the oil volatility and decrease the CAD 

exchange rate volatility, with the exception of the unemployment rate releases, which increase the 

volatility of CAD exchange rate. This result is consistent with the Canadian macroeconomic news’ 

impact on CAD exchange rate volatility, where the unemployment rate is the only type of news 

that increases the volatility of the CAD exchange rate. Considering the impacts of Canadian 

macroeconomic news on oil volatility, the releases of building permits increase oil volatility, while 

the industrial product price negatively affects oil volatility. Overall, the effects of Canadian 

macroeconomic news are more impactful in the volatility equation of CAD exchange rate than oil 

volatility, confirming previous results. 
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5.2.4. Effects of macroeconomic news, disaggregate oil and gasoline inventory 

announcements, OPEC press releases and decisions on volatility with crises 

In this subsection, we re-estimate the effects of macroeconomic news, disaggregate oil and 

gasoline inventory announcements, OPEC press releases and decisions within the crisis periods. 

We report the estimated results in the three panels in Table 13.  

[Please insert Table 13 Panel A about here] 

In Panel A, regarding the conditional volatility of oil and CAD exchange rate, the diagonal 

elements of A are greater than the off-diagonal elements of A, suggesting that the lagged squared 

returns have stronger impacts on their own volatility than on other lagged squared returns. 

However, the off-diagonal elements of A are significant and positive in both equations. Consistent 

with previous findings, the effects of OPEC information are more evident in oil volatility equations 

than in CAD exchange rate volatility equations. Specifically, OPEC decisions to cut increased the 

oil and CAD exchange rate volatilities during the U.S. crisis. OPEC press releases had positive 

impacts on oil volatility during the U.S. and EU crises, and solely negative impacts on CAD 

exchange rate volatility in the non-crisis periods. 

Moving onto oil and gasoline inventory announcements, we find an asymmetric effect 

between the positive and negative inventory announcements. For example, the negative oil 

inventory surprises have a significant impact on CAD exchange rate volatility, while the positive 

inventory surprises are neither evident on oil, nor on CAD exchange rate volatilities. The positive 

gasoline inventory surprises have higher impact on oil volatility than they do on CAD exchange 

rate volatility. Specifically, the negative oil inventory announcements surprises increased CAD 

exchange rate volatility during the U.S. crisis, while decreasing CAD exchange rate volatility in 

the non-crisis periods. The positive gasoline inventory decreased the volatility of both the oil and 
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the CAD exchange rate during the EU crisis, and increased oil volatility in the non-crisis periods. 

Regarding macroeconomic news, the U.S. news announcements have more significant impacts on 

oil volatility. For example, the change in nonfarm payroll decreased both oil and CAD exchange 

rate volatility during the U.S. crisis and negatively affected the oil volatility during the EU crisis. 

Besides, consumer confidence index decreased oil volatility during the U.S. crisis and increased 

oil volatility in non-crisis periods. The releases of Canadian macroeconomic news announcements, 

such as building permits, increased the volatility of oil but decreased the CAD exchange rate 

volatility during the U.S. crisis. Additionally, they positively affected the CAD exchange rate 

volatility during the EU crisis. The announcements of Canadian GDP only negatively affected the 

oil volatility during both the EU crisis and non-crisis periods. 

[Please insert Table 13 Panel B about here] 

Next, we conduct the Wald test for the coefficients differences and report the p-value in 

Table 13, Panel B. The positive oil inventory announcement surprises are significantly different 

among all three periods in CAD/USD volatility. Besides, in the CAD exchange rate volatility 

equation, the negative oil inventory announcement surprises are distinguishable between the U.S. 

crisis and the other two periods. This result is confirmed by the significant impacts of negative oil 

inventory on CAD exchange rate volatility. Regarding gasoline inventory announcements, the 

positive surprises are different between the EU crisis and non-crisis periods in both volatility 

equations, lending evidence to the significant effects of positive gasoline inventory announcements 

surprises on both oil and CAD exchange rate volatility during the EU crisis.  

OPEC decisions to cut significantly vary among all three periods, in both oil and CAD 

exchange rate volatilities. This result is also consistent with those from the volatility equations, 
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where OPEC decisions to cut mainly affected oil and CAD exchange rate returns during the U.S. 

crisis. According to Wald test, OPEC press releases are different between non-crisis periods and 

the two crisis periods, in the oil volatility equation but not in the CAD exchange rate volatility 

equation. This result also explains the fact that OPEC press releases have stronger impacts on oil 

volatility, than on CAD exchange rate volatility. 

5.3. Impulse response analysis 

In this section, we conduct the impulse response analysis and decompose the effects of 

OPEC decisions to cut and maintain into direct and indirect effects. The plots of impulse response 

analysis and interpretations of the empirical results are included within each subsection. 

5.3.1. The effects of OPEC decisions to keep oil production unchanged on 

volatility 

In this subsection, we conduct the impulse response analysis to decompose the effects of 

OPEC decisions to maintain, into direct and indirect effects. 

[Please insert Table 14 about here] 

In Table 14, in the case of non-crisis effects, both direct effects of oil and CAD exchange 

rate are stronger than the indirect effects via volatility spillover from other returns. The direct 

effects of oil remain at 64.8% in one year while those of CAD exchange rate remain at 81.3%. 

However, by comparing the indirect effects, we find that the indirect effects via volatility spillover 

from CAD exchange rate on oil is stronger than those from oil on CAD exchange rate. Statistically, 

35.2% of the accumulated indirect effects via volatility spillover runs from CAD exchange rate to 

oil, while as low as 18.7% of the accumulated volatility spillover runs from oil to CAD exchange 

rate. We believe that this asymmetric volatility spillover is the consequence of different market 
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sizes. Since the worldwide oil market is much larger than the Canadian economy, the former has 

better ability to absorb the surprises of exogenous factors in a timely manner. In Figure 4, the 

effects of oil volatility are higher than those of CAD exchange rate volatility. Both oil and CAD 

exchange rate volatility converge to zero in around 300 days. 

[Please insert Figures 4 and 5 about here] 

In contrast, for the OPEC decisions to maintain during the U.S. crisis, the accumulated 

volatility spillover from CAD exchange rate to oil accounts for more than 50% after 90 days, 

whereas only 2.7% accumulated volatility spillover runs from oil to CAD exchange rate during 

the same period. Similarly, after twelve months, 66.9% of the accumulated volatility spillover runs 

from CAD exchange rate to oil, while only 3.7% of the accumulated volatility spillover on CAD 

exchange rate comes from oil. Therefore, we can conclude that the U.S. crisis does affect the 

reactions of oil and CAD exchange rate volatilities to the OPEC decisions to maintain. The indirect 

effects from CAD exchange rate on oil are more significant, than the direct effects of OPEC 

decisions to maintain on oil when the market uncertainty is high. This result partially confirms the 

conclusion suggested by Kang et al. (2017), that WTI oil is the net receiver of volatility spillover. 

The potential explanation is that Canada has an open but small market, which may not be sufficient 

enough to absorb the information shocks and lead the volatility to spillover to other markets. This 

feature is amplified during periods of market turmoil such as U.S. crisis. However, we find that 

although there is an indirect effect via volatility spillover from WTI oil to CAD exchange rate, the 

indirect effects from CAD exchange rate to WTI oil are much more pronounced. This confirms 

the fact that worldwide oil market is larger than Canadian economy, as a consequence of which 

the former can absorb the information more efficiently than the later. Regarding the impulse 

response of OPEC decisions to maintain, the effects on CAD exchange rate are greater than those 
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on oil, in around the first 14 days. After two weeks, the oil reaction surpasses that of CAD 

exchange rate until the end of the year. Both effects on oil and CAD exchange rate converge to 

zero by the end of one year. 

5.3.2. The effects of OPEC decisions to cut oil production on volatility 

In this subsection, we implement the impulse response analysis to decompose the effects 

of OPEC decisions to cut on oil and CAD exchange rate, into direct and indirect effects during the 

U.S. crisis. 

[Please insert Table 15 about here] 

As shown in Table 15, the direct effects on oil and CAD exchange rate are greater than the 

indirect effects, throughout the course of a year. Specifically, by the end of one year, 32.2% 

accumulated volatility spillover comes from CAD exchange rate to oil volatility, while only 13.9% 

accumulated volatility spillover runs from oil to CAD exchange rate. This result is consistent with 

our previous findings that the volatility spillover from CAD exchange rate on oil is greater than 

the indirect effects from oil to CAD exchange rate. This finding also follows our explanation that 

market size and efficiency matter with respect to responding to the effects of exogenous factors. 

[Please insert Figure 6 about here] 

In Figure 6, the effects on oil volatility are more significant than those on CAD/USD 

volatility during the year. Both impulse responses converge to zero after around 300 days. 

6. Conclusions 

Recent research has acknowledged the need for a better understanding of oil and exchange 

rate movements, in order to provide more nuanced insights to policy-makers (Brahmasrene et al. 
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2014; Loutia et al. 2016; Mensi et al. 2014; 2017). The current study investigates the role that 

various exogenous factors play in determining the oil and exchange rate volatilities. To that end, 

we examine the effects of OPEC press releases and decisions, oil and gasoline inventory 

announcements, and macroeconomic news surprises on oil and CAD exchange rate volatilities 

from July 1, 2003, to December 31, 2017. We do so by applying the multivariate volatility model 

to detect the simultaneous effects of the exogenous variables on oil and CAD exchange rate returns 

and volatilities. Furthermore, we compute these effects not only with daily frequency, but also 

while accounting for the effects of financial crises. By doing so, we provide a more detailed 

analysis of the relationships being studied. Finally, we conduct an impulse response analysis to 

investigate the persistence of the direct and indirect effects of volatility, and to decompose the 

effects of OPEC decisions into direct and indirect effects, via volatility spillover. 

Our analysis yields many valuable findings. First, we reveal that OPEC decisions have 

more significant and consistent impacts on oil and CAD exchange rate conditional mean and 

volatility, than do energy inventory announcements and macroeconomic news surprises. 

Specifically, OPEC decisions to cut and maintain are the most significant decisions for both oil 

and CAD exchange rate volatilities, when we do not consider the positive and negative inventory 

announcements. This finding confirms the results presented by Mensi et al. (2014) and Loutia et 

al. (2016). In the absence of the crises and positive/negative inventory announcement surprises, 

we find that OPEC’s decisions to maintain have positive and significant impacts on both oil and 

CAD exchange rate volatilities. On the other hand, when taking into account the effects of the 

crises, we find that both OPEC decisions to maintain and cut, amplify the volatilities of oil and 

CAD exchange rate during the U.S. crisis. Also, the effects of EU crisis are supported by OPEC 

press releases, which increase the volatility of oil but decrease the volatility of CAD exchange rate.  
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Another key finding of this study suggests that the inventory announcements have a strong 

influence on oil volatility, which Bu (2014) fails to detect with the same data frequency. Further, 

we discover that the aggregated inventory announcement surprises yield more consistent results 

than do disaggregated inventory surprises, and find this consistent with the findings of Wolfe and 

Rosenman (2016). In addition, our findings confirm evidence of weak asymmetric effects between 

oil and gasoline inventory surprises. For instance, in the conditional mean equation, a gasoline 

inventory announcement has a more significant impact on both oil and CAD exchange rate returns, 

than does a crude oil inventory announcement. For conditional volatility, gasoline inventory 

surprises have greater impacts on CAD/USD volatility, while crude oil inventory surprises only 

affect oil volatility.  

Our results also uncover valuable findings on the effects of macroeconomic news on oil 

and CAD exchange rate returns, and volatility with daily frequency data. In previous literature, 

Kilian and Vega (2011), and Chatrath et al. (2012), conclude that oil volatility is not responsive to 

macroeconomic news releases with daily data. However, we find that news surprises have more 

significant impacts on the conditional mean equation than on the conditional volatility equation, 

for both oil and CAD exchange rate, although such impacts on mean and volatility are not as 

consistent as those of OPEC press releases and decisions. 

By employing the impulse response analysis, we reveal that the indirect effects via 

volatility spillover from the CAD exchange rate to oil are much stronger, than the indirect effects 

from oil to CAD exchange rate. Furthermore, we find that the direct effects of OPEC decisions on 

both oil and CAD exchange rate are stronger than the indirect effects, throughout the year, except 

for OPEC decisions to maintain, during the global financial crisis. After 90 days, an accumulated 

55.57% of the impact of OPEC decisions to maintain, on oil comes from the indirect effects via 
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volatility spillover of CAD exchange rate. Similarly, by the end of one year, more than two-thirds 

of the maintain decision’s impact on oil volatility is explained by the indirect effects of CAD 

exchange rate. In general, we also find that the CAD exchange rate reactions to direct and indirect 

effects from the CAD exchange rate are stronger than the oil reactions to direct effects on oil and 

indirect effects via volatility spillover from oil. 

In addition to advancing the previous literature, our results also have important 

implications not only for the foreign exchange market and oil market stakeholders, but also for 

policy-makers. As the findings of the study demonstrate, OPEC decisions tend to trigger volatility, 

confirming the proposition that OPEC plays a role in inducing the volatility in oil market, rather 

than stabilizing it. Moreover, it also implies possible occurrence of arbitrage. Therefore, to hedge 

the market uncertainty, we suggest that market participants adjust their portfolio by including with 

crude oil other commodities, which are affected by exchange rate in the opposite direction. In 

addition, the cross-market effect in commodity markets suggests that oil and currency market 

participants should not only be aware of crude oil inventory announcements, but also of gasoline 

inventory surprises. Our study shows that during turbulent times, an indirect effect via volatility 

spillover between CAD exchange rate and oil is manifested. This finding suggests that since 

Canada is a non-OPEC member, Canadian policy-makers should incorporate OPEC into their 

considerations to prevent speculation and stabilize the CAD exchange rate and oil prices in a 

multilateral setting. 

7. Limitations 

 Although we show the significant simultaneous effects of exogenous factors on the daily 

volatilities of oil and Canadian dollar, we notice that these effects shrink from returns to volatilities, 
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especially in the case of macroeconomic news announcement surprises. We believe that these 

estimation results are contingent to the daily data frequency we implement. Thus, the major 

limitation of this study is the use of daily frequency data. In general, intraday high frequency data 

is typically implemented in previous research where they find significant impacts of 

macroeconomic news and inventory announcements on oil and foreign exchange return and 

volatilities. For example, Ben Omrane and Hafner (2009) find evidence of high frequency currency 

volatility response to news surprises. They applied the impulse response analysis to decompose 

such a response into direct and indirect effects. Ye and Karali (2016) show evidence of the 

response of intra-daily oil future price variations to both API and EIA U.S. inventory surprises. 

Since our objective is to detect the simultaneous effects of macroeconomic news announcements, 

inventory announcements, and OPEC production decisions collectively, we would expect more 

significant estimation results if the high frequency data have been implemented.  

 In addition to the potential extension of intra-daily data, we also notice that considering 

Bloomberg’s inventory data as a proxy for inventory survey might be considered as a limit of our 

investigation. Specifically, owing to the fact that Bloomberg does not provide inventory survey 

data before July 2003, our study can only make use of the sample period starting from July 2003 

to Dec 2017 period. Hence, future research could consider another inventory survey proxy, such 

as Reuters’ energy inventory survey instead of the Bloomberg’s. Since we follow Ye and Karali 

(2016) by using their method to compute the inventory surprises, it would be more accurate to 

consider the Reuters’ energy inventory survey.   
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Appendix 

Table 1: The CAD exchange rate, crude oil quotes with OPEC decisions 

DATE CAD/USD WTI Prod. Dec. DATE CAD/USD WTI Prod. Dec. 

2003-07-31 0.7105 30.56 0 2008-10-09 0.8709 86.5 0 

2003-09-24 0.7384 28.19 -1 2008-10-24 0.7852 63.34 -1 

2003-12-04 0.7619 31.24 0 2008-12-17 0.8293 40.17 -1 

2004-02-10 0.7525 34.03 -1 2009-05-28 0.8990 65.09 0 

2004-03-31 0.7634 35.75 0 2009-09-10 0.9250 71.95 0 

2004-06-03 0.7350 39.29 +1 2009-12-22 0.9474 73.48 0 

2004-09-15 0.7700 43.83 +1 2010-03-17 0.9891 82.93 0 

2004-12-10 0.8148 40.71 0 2010-10-14 0.9964 82.71 0 

2005-03-16 0.8307 56.5 +1 2011-06-08 1.0227 100.77 0 

2005-06-15 0.8066 55.53 +1 2011-12-14 0.9613 94.92 0 

2005-09-20 0.8544 66.24 0 2012-06-14 0.9759 83.83 0 

2005-12-12 0.8690 61.36 0 2012-12-12 1.0148 86.35 0 

2006-01-31 0.8744 67.86 0 2013-05-31 0.9674 91.93 0 

2006-03-08 0.8639 60.06 0 2013-12-04 0.9349 96.97 0 

2006-06-01 0.9088 70.11 0 2013-12-04 0.9349 96.97 0 

2006-09-11 0.8916 65.42 0 2014-06-11 0.9202 105.04 0 

2006-10-20 0.8889 57.35 -1 2014-11-27 0.8826 69.82 0 

2006-12-14 0.8647 62.48 -1 2015-06-05 0.8008 59.11 0 

2007-03-15 0.8506 57.52 0 2015-12-04 0.7483 40 0 

2007-09-11 0.9588 78.16 +1 2016-06-02 0.7645 49.14 0 

2007-12-05 0.9875 87.45 0 2016-09-28 0.7555 47.07 +1 

2008-02-01 1.0061 89.03 0 2016-11-30 0.7449 49.41 +1 

2008-03-05 1.0104 104.45 0 2017-05-25 0.7431 48.57 0 

2008-09-10 0.9315 102.66 +1 2017-12-01 0.7871 58.35 0 

Note: Table 1 presents the CAD exchange rate and the WTI crude oil prices on the dates that OPEC 

announced its decisions. The period is from July 1, 2003, to Dec 31, 2017. Where Prod.Dec. refers 

to production decision, it takes 0 in case if the decision is maintaining the current production level, 

+1 is the case of increasing the current production and -1 is the case of decreasing the current 

production level. 
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Table 2: OPEC press releases and decisions 

Announcements Number 

OPEC Press 160 

OPEC Cut 6 

OPEC Maintain 34 

OPEC Increase 8 

Note: Table 2 presents the total number 

of different decisions and OPEC press 

release from July 1, 2003 to Dec 31, 

2017. 

 

 

 

Table 3: The U.S. and Canadian macroeconomic news announcements 

  U.S. Announcements Canadian Announcements 

  Announcement obs Announcement obs 

Real Activity GDP - Advance 58 Capital Utilization Rate 57 
 GDP - Prelim 58 GDP 174 
 Retail Sales Ex Auto MoM 174 Retail Sales 174 
 Change in Nonfarm Payrolls 174    

Consumption Personal Consumption - Prelim 61 Building Permit 174 

  New home sales 173 Manufacturing Sales 172 

Investments Business Inventories 174   

 Construction Spending 173   

  Factory Orders 174    

Prices Producer Price Index 174 Industrial Products Prices 172 
 CPI Ex Food and Energy  173 Raw Material Price Index 172 

     New Housing Price Index 174 

Monetary Policy FOMC Rate Decision 116 BOC Rate Decision 116 

Current Account Trade balance 174 Current Account Balance 58 

     Wholesale Trade Balance 174 

Forward-looking Consumer Conf. Index 174 Consumer Price Index 174 
 Housing Starts 174 Housing Starts 174 
 Unemployment Rate 174 Unemployment Rate 174 

  Initial Jobless Claims 757 IVEY Index SA 172 

Note: This table presents the macroeconomic news announcements in the U.S. and Canada from 

the period from July 1, 2003 to Dec 31, 2017. There are 17 U.S. categories and 15 Canadian 

news categories. 
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Table 4: Descriptive statistics for oil and exchange rate returns 

 Whole Sample U.S. Crisis EU Crisis 
 Oil CAD Oil CAD Oil CAD 

Mean 0.018 0.002 -0.081 -0.042 0.053 0.005 

Std.Dev 2.289 0.596 3.913 1.003 1.565 0.463 

Kurtosis 4.375 5.413 2.017 4.052 3.549 3.826 

Skewness 0.031 0.126 0.094 0.498 0.293 -0.159 

ρ1 -0.017 0.013 -0.013 0.078 -0.112 -0.128 

ρ2 -0.009 -0.002 -0.028 -0.028 0.049 0.033 

ρ1(|r|) 0.204 0.125 0.164 0.087 0.245 0.056 

ρ2(|r|) 0.165 0.149 0.190 0.172 0.064 0.119 

Note: This table reports the descriptive statistic summary for WTI 

crude oil price returns and the CAD exchange rate returns, from July 

1, 2003 to Dec 31, 2017. Besides the whole sampling period 

statistics, the statistic summary for global financial crisis (January 1, 

2008, to June 30, 2009) and the European sovereign debt crisis 

(October 1, 2011 to March 31, 2013) is also included. ρ1 and ρ2 are 

the first and second autocorrelation of returns while ρ1(|r|) and ρ2(|r|) 

are the first and second order autocorrelation coefficients of absolute 

returns, respectively. 

 

 

 

 

Table 5: Correlations of absolute oil and Canadian dollar returns 

  OIL  

 Whole Sample U.S. Crisis EU Crisis 

CAD 0.380 0.415 0.502 

Note: This table presents the correlation matrix of 

daily oil returns and CAD exchange rate returns from 

July 1, 2003 to Dec 31, 2017. The correlations of U.S. 

crisis, EU crisis, and whole sample are included 

separately. 
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Table 6: Estimated effects of macroeconomic news, oil and gasoline inventory, 

OPEC press releases, and OPEC decisions on returns without crises: Equation 1 

 OIL  CAD 

Coef. P.Value Coef. P.Value 

Constant 0.025 0.480 Constant -0.001 0.869 

𝑅𝑡
𝐶𝑎𝑑  1.450*** 0.000 𝑅𝑡

𝑂𝑖𝑙  0.097*** 0.000 

𝑅𝑡−1
𝑂𝑖𝑙  -0.020 0.596 𝑅𝑡−1

𝐶𝑎𝑑  0.209*** 0.000 

ψ -0.030 0.477 ψ -0.231*** 0.000 

OPEC      

OPEC Cut -1.606* 0.064  0.281 0.198 

OPEC Increase -0.297 0.419  -0.051 0.579 

OPEC Maintain 1.393* 0.064  0.131 0.487 

OPEC Press -0.071 0.679  -0.021 0.621 

Inventory      

Oil Inventory 0.044 0.612  -0.016 0.475 

Gas Inventory -0.069 0.426  -0.012 0.572 

Scheduled U.S. News      

Construction Spending 0.335** 0.037  0.028 0.486 

FOMC Rate Decision 0.216 0.284  -0.118** 0.020 

GDP - Advance 0.042 0.881  -0.209*** 0.003 

Initial Jobless Claims -0.142* 0.064  -0.017 0.383 

PPI 0.197 0.222  0.069* 0.087 

Scheduled CA News      

Consumer Price Index -0.492*** 0.002  0.150*** 0.0002 

Current Account -0.552** 0.048  0.125* 0.076 

Housing Starts 0.283* 0.071  -0.056 0.151 

Industrial Product Prices 0.238 0.154  -0.074* 0.079 

BOC Rate Decision -0.324 0.101  0.138*** 0.006 

IVEY Index 0.074 0.649  0.078* 0.052 

Manufacturing Sales -0.180 0.265  0.081** 0.046 

Retail Sales -0.103 0.528  0.162*** 0.0001 

Unemployment Rate 0.071 0.653  -0.151*** 0.0002 

Wholesale Trade -0.287* 0.074  -0.035 0.379 

Note: This table reports estimated effects of scheduled macroeconomic news, 

inventory surprise and OPEC on returns without the crises. The sampling period is 

from July 1, 2003 to Dec 31, 2017. To save space, this table only reports the 

significant macroeconomic news announcements. The asterisk ***, ** and * 

indicates significance at the 1%, 5%, and 10% level respectively. The results are 

computed according to Equation 1. 
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Table 7: Panel A: Estimated effects of oil and gasoline inventory, OPEC press releases and OPEC decisions on returns within the crises: Equation 4 

 OIL  CAD 

Coefficient P.Value Coefficient P.Value 

Cons. 0.011 0.743 Cons. -0.002 0.835 

𝑅𝑡
𝐶𝑎𝑑  1.445*** 0.000 𝑅𝑡

𝑂𝑖𝑙  0.096*** 0.000 

𝑅𝑡−1
𝑂𝑖𝑙  0.007 0.848 𝑅𝑡−1

𝐶𝑎𝑑  0.200*** 0.000 

ψ -0.056 0.152 ψ -0.233*** 0.000 

 U.S. Crisis EU Crisis No Crisis U.S. Crisis EU Crisis No Crisis 

 Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. 

OPEC             

OPEC CUT -8.057*** 0.000 0.000 0.999 1.461 0.164 0.676* 0.080 0.000 0.999 0.086 0.745 

OPEC INCREASE 0.016 0.994 0.000 0.999 1.670** 0.036 -0.316 0.551 0.000 0.999 0.206 0.302 

OPEC MAINTAIN 1.023 0.338 -0.614 0.620 -0.449 0.270 -0.166 0.537 -0.216 0.494 -0.009 0.929 

OPEC Press 0.199 0.751 0.451 0.558 -0.110 0.545 -0.430*** 0.007 0.175 0.364 -0.005 0.908 

Inventory             

Oil Inventory -0.145 0.579 0.056 0.817 0.089 0.379 0.029 0.656 0.019 0.760 -0.016 0.520 

Gas Inventory -0.415 0.102 0.275 0.332 -0.015 0.875 -0.079 0.219 -0.014 0.849 0.0004 0.988 

Note: This table reports the estimated effects of inventory surprises and OPEC on returns with the consideration of the U.S. crisis 

(January 1, 2008 to June 30, 2009) and the EU crisis (October 1, 2011 to March 31, 2013). The sampling period is from July 1, 2003 

to Dec 31, 2017. There are no OPEC decisions to cut and increase during the EU crisis. The asterisk ***, ** and * indicates significance 

at the 1%, 5%, and 10% level respectively. The results are computed according to Equation 4. 
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Table 7: Panel B: Estimated effects of U.S. macroeconomic news announcements on returns within the crises: Equation 4 

Coefficient 

OIL CAD 

U.S. Crisis EU Crisis No Crisis U.S. Crisis EU Crisis No Crisis 

Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value 

Scheduled U.S. News             

Business Inventories 0.415 0.314 0.012 0.984 0.085 0.645 0.249** 0.016 0.081 0.598 -0.030 0.519 

CPI Ex Food and Energy -0.320 0.447 -0.512 0.425 0.158 0.382 0.229** 0.031 -0.012 0.940 -0.023 0.614 

Construction Spending 0.960** 0.043 -0.088 0.831 0.231 0.218 0.266** 0.029 -0.080 0.438 0.010 0.829 

Consumer Conf. Index -0.141 0.696 -0.690 0.140 0.175 0.377 -0.197** 0.030 0.141 0.229 -0.028 0.567 

FOMC Rate Decision 0.442 0.154 0.000 0.999 -0.017 0.952 -0.207*** 0.008 0.000 0.999 -0.114 0.118 

Factory Orders -0.397 0.234 0.684 0.247 -0.265 0.179 -0.213** 0.011 0.116 0.438 -0.025 0.611 

GDP - Advance 1.866*** 0.010 -0.152 0.888 -0.084 0.795 -0.692*** 0.000 -0.008 0.975 -0.117 0.150 

GDP - Preliminary -1.498** 0.039 0.091 0.938 0.551 0.116 0.154 0.398 0.169 0.570 0.000 0.999 

Initial Jobless Claims 0.087 0.579 -0.105 0.707 -0.211** 0.022 -0.050 0.201 0.011 0.880 -0.013 0.574 

PPI 2.098*** 0.001 0.089 0.926 0.069 0.681 -0.249 0.101 0.152 0.527 0.093** 0.028 

Personal Consumption 0.987* 0.080 -1.024 0.429 -0.103 0.804 0.107 0.452 0.131 0.694 -0.214** 0.040 

Retail Sales Ex Auto 0.707** 0.022 0.354 0.642 -0.116 0.556 -0.079 0.310 0.001 0.998 -0.032 0.515 

Trade Balance 0.787** 0.038 0.199 0.689 -0.229 0.229 -0.156 0.102 0.022 0.863 -0.054 0.261 

Unemployment Rate 0.867** 0.031 0.307 0.464 0.031 0.876 -0.186* 0.065 -0.050 0.632 0.020 0.691 

Note: This table reports estimated U.S. macroeconomic news effects on returns with the consideration of the U.S. crisis (January 1, 2008 to June 30, 2009) 

and the EU crisis (October 1, 2011 to March 31, 2013). The sampling period is from July 1, 2003 to Dec 31, 2017. To save space, this table only reports the 

significant U.S. macroeconomic news announcements. The asterisk ***, ** and * indicates significance at the 1%, 5%, and 10% level respectively. The 

results are computed according to Equation 4. 
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Table 7: Panel C: Estimated effects of the Canadian macroeconomic news announcements on returns within the crises: Equation 4 

Coefficient 

OIL CAD 

U.S. Crisis EU Crisis No Crisis U.S. Crisis EU Crisis No Crisis 

Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value 

Scheduled CA News             

Building Permit 1.205** 0.014 -0.722 0.152 -0.332* 0.058 -0.068 0.584 0.093 0.464 0.031 0.476 

Consumer Price Index -0.958*** 0.007 0.036 0.934 -0.412** 0.036 0.067 0.455 0.106 0.333 0.200*** 0.000 

Current Account -1.382* 0.053 -2.179 0.287 -0.346 0.258 0.691*** 0.000 0.256 0.628 0.014 0.852 

GDP 1.544*** 0.000 0.181 0.762 -0.326* 0.077 -0.171* 0.094 0.119 0.431 0.091** 0.049 

Housing Starts 0.333 0.356 0.168 0.717 0.347* 0.062 -0.203** 0.025 0.097 0.404 -0.040 0.397 

Industrial Product Prices 0.836** 0.045 0.668 0.393 0.097 0.606 -0.111 0.293 -0.151 0.442 -0.040 0.401 

BOC Rate Decision 0.039 0.886 0.000 0.999 -0.633** 0.025 -0.091 0.184 0.000 0.999 0.386*** 0.000 

IVEY Index 0.630 0.198 0.468 0.413 -0.076 0.674 -0.065 0.596 0.098 0.497 0.102** 0.023 

Raw Materials Prices 0.099 0.741 -0.023 0.976 0.370* 0.093 0.035 0.646 -0.177 0.356 0.074 0.181 

Retail Sales 0.587 0.209 0.292 0.620 -0.233 0.197 0.050 0.669 0.108 0.466 0.192*** 0.000 

Unemployment Rate -0.367 0.381 0.001 0.998 0.085 0.642 0.129 0.217 -0.093 0.485 -0.217*** 0.000 

Wholesale Trade -1.193*** 0.010 0.564 0.412 -0.319** 0.070 -0.077 0.506 0.076 0.656 -0.013 0.764 

Note: This table reports the Canadian macroeconomic news effects on returns with the consideration of the U.S. crisis (January 1, 2008 to June 30, 2009) 

and the EU crisis (October 1, 2011 to March 31, 2013). The sampling period is from July 1, 2003 to Dec 31, 2017. To save space, this table only reports the 

significant Canadian macroeconomic news announcements. The asterisk ***, ** and * indicates significance at the 1%, 5%, and 10% level respectively. The 

results are computed according to Equation 4. 
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Table 7: Panel D: Estimated coefficient test of means 

 OIL CAD 

US vs. EU US vs. Non EU vs. Non US vs. EU US vs. Non EU vs. Non 

Inventory Announcement       

Crude Oil Inventory Surprise 0.573 0.405 0.901 0.905 0.518 0.597 

Gasoline Inventory Surprise 0.070 0.142 0.333 0.499 0.248 0.853 

OPEC       

OPEC CUT 0.000 0.000 0.000 0.000 0.207 0.000 

OPEC INCREASE 0.000 0.461 0.000 0.000 0.357 0.000 

OPEC MAINTAIN 0.316 0.197 0.900 0.904 0.584 0.532 

OPEC Press 0.800 0.635 0.477 0.015 0.009 0.361 

Scheduled US News       

Business Inventories 0.584 0.466 0.909 0.360 0.014 0.490 

CPI Ex Food and Energy 0.802 0.297 0.315 0.216 0.029 0.951 

Construction Spending 0.095 0.153 0.480 0.030 0.050 0.426 

Consumer Confidence Index 0.352 0.442 0.088 0.023 0.104 0.183 

FOMC Rate Decision 0.000 0.280 0.000 0.000 0.386 0.000 

Factory Orders 0.112 0.734 0.128 0.055 0.054 0.370 

GDP - Advance 0.120 0.014 0.952 0.037 0.004 0.703 

GDP - Preliminary 0.252 0.011 0.710 0.967 0.446 0.586 

Initial Jobless Claims 0.548 0.102 0.718 0.450 0.413 0.750 

PPI 0.076 0.001 0.984 0.158 0.030 0.810 

Personal Consumption 0.155 0.120 0.498 0.947 0.068 0.321 

Retail Sales Ex Auto 0.668 0.024 0.550 0.702 0.611 0.870 

Trade Balance 0.347 0.017 0.421 0.258 0.335 0.575 

Unemployment Rate 0.334 0.062 0.552 0.352 0.068 0.546 

Scheduled CA News       

Building Permit 0.006 0.003 0.465 0.365 0.452 0.643 

Consumer Price Index 0.076 0.177 0.347 0.783 0.191 0.431 

Current Account Balance 0.713 0.183 0.375 0.436 0.0006 0.650 

GDP 0.058 0.000 0.418 0.112 0.019 0.861 

Housing Starts 0.778 0.974 0.719 0.042 0.108 0.275 

Industrial Product Prices 0.850 0.106 0.478 0.858 0.535 0.581 

BOC Rate Decision 0.000 0.087 0.000 0.000 0.000 0.000 

IVEY Index 0.830 0.175 0.364 0.389 0.202 0.983 

Raw Materials Prices 0.881 0.465 0.617 0.305 0.677 0.209 

Retail Sales 0.509 0.101 0.394 0.761 0.261 0.587 

Unemployment Rate 0.588 0.323 0.882 0.190 0.003 0.378 

Wholesale Trade Balance 0.034 0.077 0.213 0.458 0.607 0.612 

Note: This table reports the P value corresponding to the t-statistic related to the null hypothesis of equality. 
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Table 8: Estimated effects of macroeconomic news, positive/negative oil and gasoline 

inventory, OPEC press releases and OPEC decisions on returns without crises: Equation 1 

 OIL  CAD 

Coef. P.Value Coef. P.Value 

Constant 0.014 0.705 Constant 0.009 0.289 

𝑅𝑡
𝐶𝑎𝑑  1.452*** 0.000 𝑅𝑡

𝑂𝑖𝑙  0.097*** 0.000 

𝑅𝑡−1
𝑂𝑖𝑙  -0.023 0.560 𝑅𝑡−1

𝐶𝑎𝑑  0.213*** 0.000 

ψ -0.027 0.513 ψ -0.236*** 0.000 

OPEC      

OPEC Cut -1.627* 0.060  0.285 0.190 

OPEC Increase -0.292 0.426  -0.053 0.561 

OPEC Maintain 1.404* 0.062  0.121 0.520 

OPEC Press -0.070 0.683  -0.023 0.591 

Inventory Announcements      

Positive Oil Inventory Surprise -0.020 0.897  -0.059 0.124 

Positive Gas Inventory Surprise 0.049 0.713  -0.038 0.250 

Negative Oil Inventory Surprise -0.097 0.466  -0.020 0.559 

Negative Gas Inventory Surprise 0.215 0.155  -0.029 0.441 

Scheduled U.S. News      

Construction Spending 0.342** 0.033  0.027 0.511 

FOMC Rate Decision 0.211 0.295  -0.117** 0.021 

Factory Orders -0.218 0.179  -0.067* 0.098 

GDP - Advance 0.045 0.874  -0.213*** 0.003 

Initial Jobless Claims -0.141* 0.066  -0.017 0.386 

PPI 0.198 0.222  0.067* 0.099 

Scheduled CA News      

Consumer Price Index -0.490*** 0.002  0.143*** 0.0004 

Current Account Balance -0.553** 0.048  0.127* 0.070 

Housing Starts 0.290* 0.065  -0.061 0.120 

Industrial Product Prices 0.235 0.159  -0.073* 0.082 

BOC Rate Decision -0.325* 0.099  0.138*** 0.006 

IVEY Index 0.073 0.653  0.077* 0.056 

Manufacturing Sales -0.180 0.265  0.080** 0.048 

Retail Sales -0.109 0.504  0.162*** 0.0001 

Unemployment Rate 0.076 0.633  -0.160*** 0.0001 

Wholesale Trade Balance -0.287* 0.074  -0.037 0.358 

Note: This table reports the estimated effects of macroeconomic news, positive inventory, 

negative inventory and OPEC decisions on returns without the crises. The sampling period is 

from July 1, 2003 to Dec 31, 2017. To save space, this table only reports the significant 

macroeconomic news announcements. The asterisk ***, ** and * indicates significance at the 

1%, 5%, and 10% level respectively. The results are computed according to Equation 1. 
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Table 9: Panel A: Estimated effects of macroeconomic news, positive/negative oil and gasoline inventory on returns within crises: Equation 4 

 OIL  CAD 

Coefficient P.Value Coefficient P.Value 

Constant 0.004 0.925 Constant 0.009 0.283 

𝑅𝑡
𝐶𝑎𝑑  1.448*** 0.000 𝑅𝑡

𝑂𝑖𝑙  0.096*** 0.000 

𝑅𝑡−1
𝑂𝑖𝑙  0.001 0.975 𝑅𝑡−1

𝐶𝑎𝑑  0.211*** 0.000 

ψ -0.048 0.217 ψ -0.248*** 0.000 

 U.S. Crisis EU Crisis No Crisis U.S. Crisis EU Crisis No Crisis 

 Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. 

OPEC             

OPEC Cut -8.075*** 0.000 0.000 0.999 1.446 0.169 0.695* 0.071 0.000 0.999 0.093 0.724 

OPEC Increase 0.044 0.983 0.000 0.999 1.678** 0.035 -0.313 0.553 0.000 0.999 0.197 0.321 

OPEC Maintain 1.024 0.338 -0.608 0.623 -0.443 0.278 -0.163 0.543 -0.231 0.462 -0.011 0.917 

OPEC Press Release 0.142 0.822 0.405 0.600 -0.105 0.563 -0.399** 0.011 0.171 0.373 -0.009 0.840 

Inventory Announcements             

Positive Oil Inventory Surprise -0.572 0.177 0.421 0.305 0.024 0.892 0.183* 0.086 -0.027 0.791 -0.095** 0.033 

Negative Oil Inventory Surprise -0.324 0.491 0.221 0.516 -0.145 0.347 0.139 0.240 -0.058 0.500 -0.047 0.229 

Positive Gas Inventory Surprise 0.047 0.908 0.203 0.584 0.064 0.672 -0.314** 0.002 -0.014 0.884 0.003 0.932 

Negative Gas Inventory Surprise 0.963 0.032 -0.411 0.447 0.105 0.538 -0.188* 0.094 0.010 0.944 -0.012 0.773 

Note: This table reports estimated effects of macroeconomic news, positive inventory and negative inventory on returns with the consideration of 

the U.S. crisis (January 1, 2008 to June 30, 2009) and the EU crisis (October 1, 2011 to March 31, 2013). There are no OPEC decisions to cut and 

increase during the EU crisis. The sampling period is from July 1, 2003 to Dec 31, 2017. The asterisk ***, ** and * indicates significance at the 1%, 

5%, and 10% level respectively. The results are computed according to Equation 4. 
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Table 9: Panel B: Estimated effects of U.S. macroeconomic news on returns within crises: Equation 4 

Coefficient 

OIL CAD 

U.S. Crisis EU Crisis No Crisis U.S. Crisis EU Crisis No Crisis 

Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value 

Scheduled U.S. News             

Business Inventories 0.358 0.389 -0.017 0.977 0.081 0.664 0.273*** 0.008 0.083 0.584 -0.028 0.540 

CPI Ex Food and Energy -0.340 0.419 -0.512 0.425 0.158 0.381 0.244** 0.021 -0.012 0.941 -0.025 0.585 

Construction Spending 0.972** 0.041 -0.097 0.815 0.235 0.211 0.262** 0.031 -0.080 0.440 0.010 0.830 

Consumer Confidence Index -0.134 0.711 -0.692 0.138 0.174 0.381 -0.195** 0.032 0.143 0.223 -0.029 0.562 

FOMC Rate Decision 0.419 0.177 0.000 0.999 -0.019 0.947 -0.208*** 0.008 0.000 0.999 -0.115 0.114 

Factory Orders -0.420 0.208 0.717 0.227 -0.262 0.185 -0.209** 0.012 0.111 0.457 -0.027 0.587 

GDP - Advance 1.780** 0.014 -0.134 0.901 -0.082 0.801 -0.645*** 0.000 -0.005 0.985 -0.125 0.122 

GDP - Preliminary -1.437** 0.049 0.098 0.934 0.545 0.120 0.121 0.506 0.175 0.554 0.000 0.998 

Initial Jobless Claims 0.091 0.565 -0.106 0.704 -0.210** 0.023 -0.055 0.164 0.012 0.865 -0.013 0.569 

PPI 2.111*** 0.001 0.173 0.858 0.067 0.691 -0.254* 0.093 0.146 0.541 0.090** 0.034 

Personal Consumption 0.9795* 0.083 -1.038 0.423 -0.091 0.827 0.124 0.381 0.129 0.696 -0.210** 0.042 

Retail Sales Ex Auto 0.664** 0.033 0.306 0.689 -0.118 0.551 -0.064 0.410 0.002 0.994 -0.033 0.498 

Trade Balance 0.813** 0.032 0.195 0.696 -0.226 0.235 -0.172* 0.071 0.017 0.891 -0.051 0.287 

Unemployment Rate 0.862** 0.035 0.359 0.406 0.035 0.860 -0.164 0.110 -0.055 0.609 0.016 0.752 

Note: This table reports the estimated effects of U.S. macroeconomic news on returns with the consideration of the U.S. crisis (January 1, 2008 to June 30, 

2009) and the EU crisis (October 1, 2011 to March 31, 2013). The sampling period is from July 1, 2003 to Dec 31, 2017. To save space, this table only 

reports the significant U.S. macroeconomic news announcements. The asterisk ***, ** and * indicates significance at the 1%, 5%, and 10% level respectively. 

The results are computed according to Equation 4. 
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Table 9: Panel C: Estimated effects of Canadian macroeconomic news on returns within crises: Equation 4 

Coefficient 

OIL CAD 

U.S. Crisis EU Crisis No Crisis U.S. Crisis EU Crisis No Crisis 

Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value Coef. P.Value 

Scheduled CA News             

Building Permit 1.243** 0.012 -0.705 0.163 -0.330* 0.060 -0.094 0.449 0.089 0.484 0.032 0.462 

Consumer Price Index -0.957*** 0.007 0.164 0.714 -0.413 0.036 0.063 0.483 0.090 0.422 0.195*** 0.000 

Current Account Balance -1.382* 0.053 -2.200 0.282 -0.347 0.257 0.668*** 0.000 0.272 0.606 0.018 0.814 

GDP 1.539*** 0.000 0.191 0.749 -0.324* 0.079 -0.169* 0.096 0.118 0.431 0.090** 0.050 

Housing Starts 0.348 0.336 0.173 0.709 0.349* 0.061 -0.212** 0.019 0.089 0.440 -0.042 0.362 

Industrial Product Prices 0.790* 0.059 0.655 0.403 0.096 0.612 -0.090 0.396 -0.149 0.448 -0.038 0.414 

BOC Rate Decision 0.044 0.872 0.000 0.999 -0.639** 0.024 -0.097 0.155 0.000 0.999 0.385*** 0.000 

IVEY Index 0.572 0.244 0.436 0.447 -0.078 0.667 -0.029 0.812 0.099 0.493 0.099** 0.025 

Raw Materials Prices 0.131 0.663 -0.028 0.970 0.374* 0.090 0.016 0.835 -0.183 0.339 0.071 0.198 

Retail Sales 0.554 0.237 0.309 0.601 -0.237 0.190 0.072 0.539 0.107 0.471 0.188*** 0.000 

Unemployment Rate -0.379 0.366 0.062 0.909 0.084 0.649 0.136 0.191 -0.098 0.467 -0.230*** 0.000 

Wholesale Trade Balance -1.212*** 0.009 0.554 0.421 -0.320* 0.069 -0.066 0.565 0.076 0.654 -0.016 0.718 

Note: This table reports estimated effects of Canadian macroeconomic news on returns with the consideration of the U.S. crisis (January 1, 2008 to June 30, 

2009) and the EU crisis (October 1, 2011 to March 31, 2013). The sampling period is from July 1, 2003 to Dec 31, 2017. To save space, this table only 

reports the significant Canadian macroeconomic news announcements. The asterisk ***, ** and * indicates significance at the 1%, 5%, and 10% level 

respectively. The results are computed according to Equation 4. 
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Table 9: Panel D: Estimated coefficient test of means 

 OIL CAD 

US vs. EU US vs. Non EU vs. Non US vs. EU US vs. Non EU vs. Non 

Inventory Announcements       

Positive Oil Inventory 0.092 0.194 0.374 0.156 0.016 0.548 

Negative Oil Inventory 0.347 0.718 0.326 0.177 0.135 0.907 

Positive Gas Inventory 0.776 0.968 0.728 0.030 0.004 0.867 

Negative Gas Inventory 0.051 0.073 0.362 0.261 0.142 0.877 

OPEC       

OPEC Cut 0.000 0.000 0.000 0.000 0.197 0.000 

OPEC Increase 0.000 0.466 0.000 0.000 0.365 0.000 

OPEC Maintain 0.318 0.199 0.899 0.869 0.594 0.504 

OPEC Press Release 0.791 0.706 0.519 0.022 0.017 0.360 

Scheduled US News       

Business Inventories 0.612 0.542 0.878 0.301 0.008 0.482 

CPI Ex Food and Energy 0.823 0.276 0.314 0.189 0.020 0.941 

Construction Spending 0.089 0.148 0.465 0.032 0.053 0.429 

Consumer Confidence Index 0.344 0.455 0.088 0.023 0.108 0.178 

FOMC Rate Decision 0.000 0.303 0.000 0.000 0.383 0.000 

Factory Orders 0.095 0.684 0.117 0.061 0.060 0.381 

GDP - Advance 0.142 0.019 0.963 0.050 0.009 0.672 

GDP - Preliminary 0.269 0.014 0.717 0.877 0.549 0.571 

Initial Jobless Claims 0.540 0.099 0.724 0.408 0.360 0.735 

PPI 0.088 0.001 0.914 0.157 0.028 0.816 

Personal Consumption 0.153 0.127 0.486 0.987 0.056 0.327 

Retail Sales Ex Auto 0.664 0.034 0.591 0.751 0.736 0.861 

Trade Balance 0.324 0.014 0.430 0.228 0.253 0.613 

Unemployment Rate 0.398 0.070 0.496 0.464 0.115 0.551 

Scheduled CA News       

Building Permit 0.006 0.003 0.483 0.303 0.339 0.670 

Consumer Price Index 0.050 0.180 0.239 0.847 0.191 0.390 

Current Account Balance 0.706 0.183 0.370 0.478 0.0009 0.633 

GDP 0.062 0.000 0.411 0.113 0.020 0.859 

Housing Starts 0.767 0.998 0.725 0.040 0.094 0.290 

Industrial Product Prices 0.879 0.130 0.487 0.791 0.655 0.583 

BOC Rate Decision 0.000 0.083 0.000 0.000 0.000 0.000 

IVEY Index 0.857 0.214 0.393 0.498 0.326 0.000 

Raw Materials Prices 0.845 0.513 0.609 0.335 0.558 0.203 

Retail Sales 0.745 0.115 0.376 0.855 0.355 0.597 

Unemployment Rate 0.521 0.312 0.970 0.169 0.001 0.356 

Wholesale Trade Balance 0.033 0.071 0.218 0.488 0.682 0.600 

Note: This table reports the P value of t-statistic to the null hypothesis of equality. 
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Table 10: Estimated effects of macroeconomic news, oil and gasoline inventory, 

OPEC press releases, and OPEC decisions on volatility without crises: Equation 3 

 OIL  CAD 

Coef. P.Value Coef. P.Value 

ω 0.011*** 0.000 ω 0.003* 0.061 

휀𝑡−1
2

(OIL) 0.078*** 0.000 휀𝑡−1
2

(CAD) 0.029*** 0.000 

ℎ𝑡−1 (OIL) 0.889*** 0.000 ℎ𝑡−1 (CAD) 0.958*** 0.000 

휀𝑡−1
2

(CAD) 0.039*** 0.0007 휀𝑡−1
2

(OIL) 0.002*** 0.000 

OPEC      

OPEC Cut 0.606* 0.061  -0.086 0.359 

OPEC Increase 0.119* 0.066  0.054 0.287 

OPEC Maintain 0.973*** 0.000  0.189* 0.070 

OPEC Press Release 0.035* 0.086  -0.010 0.243 

Inventory      

Oil Inventory 0.022* 0.085  -0.270 0.787 

Gas Inventory 0.013 0.263  -1.113 0.266 

Scheduled U.S. News      

Business Inventories 0.013 0.487  0.026** 0.027 

CPI Ex Food and Energy -0.020 0.388  -0.057*** 0.0004 

Change in Nonfarm Payrolls -0.039 0.109  -0.032** 0.049 

Initial Jobless Claims 0.010 0.310  0.020*** 0.006 

New Home Sales -0.020 0.441  -0.032* 0.082 

PPI -0.017 0.526  0.032* 0.059 

Personal Consumption 0.137*** 0.002  0.071** 0.020 

Scheduled CA News      

Building Permit 0.046** 0.028  0.003 0.824 

Current Account Balance 0.100** 0.016  0.043 0.179 

Note: This table reports estimated effects of scheduled macroeconomic news, inventory 

surprise and OPEC on volatility with the consideration of the U.S. crisis and the EU crisis. 

The sampling period is from July 1, 2003 to Dec 31, 2017. To save space, this table only 

reports the significant macroeconomic news announcements. The asterisk ***, ** and * 

indicates significance at the 1%, 5%, and 10% level respectively. The results are 

computed according to Equation 3. 
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Table 11: Panel A: Estimated effects of macroeconomic news, oil and gasoline inventory, OPEC press releases and OPEC decisions on 

volatility within the crises: Equation 6 

 OIL  CAD 

Coefficient P.Value Coefficient P.Value 

ω 0.009*** 0.000 ω 0.005*** 0.000 

휀𝑡−1
2

(OIL) 0.064*** 0.000 휀𝑡−1
2

(CAD) 0.025*** 0.000 

ℎ𝑡−1 (OIL) 0.908*** 0.000 ℎ𝑡−1 (CAD) 0.958*** 0.000 

휀𝑡−1
2

(CAD) 0.027*** 0.006 휀𝑡−1
2

(OIL) 0.001*** 0.000 

  U.S. Crisis EU Crisis No Crisis U.S. Crisis EU Crisis No Crisis 

  Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. 

OPEC              

OPEC CUT 4.790* 0.096 0.000 0.999 0.370* 0.084 1.461* 0.089 0.000 0.999 -0.057 0.353 

OPEC INCREASE 0.000 0.999 0.000 0.999 0.717*** 0.000 0.000 0.999 0.000 0.999 0.129 0.132 

OPEC MAINTAIN 0.880** 0.038 0.121 0.373 0.078 0.189 1.143*** 0.009 -0.008 0.944 0.053 0.241 

OPEC Press 0.203 0.363 0.164** 0.017 0.022 0.214 -0.023 0.898 -0.095** 0.011 -0.0009 0.902 

Inventory             

Oil Inventory 0.042 0.628 -0.017 0.603 0.015 0.258 0.033 0.661 0.011 0.632 -0.0002 0.982 

Gas Inventory -0.138* 0.065 -0.035 0.183 0.016 0.170 -0.057 0.267 -0.040** 0.021 0.001 0.890 

U.S. Macro News             

Construction Spending  -0.357*** 0.007 0.000 0.999 -0.018 0.482 0.059 0.708 0.000 0.999 0.009 0.601 

New Home Sales 0.000 0.999 -0.194** 0.024 -0.001 0.966 0.000 0.999 -0.169** 0.013 -0.022 0.222 

Trade Balance -0.107 0.446 0.048 0.341 0.013 0.655 -0.223* 0.094 -0.025 0.300 0.056*** 0.002 

Unemployment Rate 0.235 0.114 0.107*** 0.000 0.0004 0.988 0.158 0.279 -0.052* 0.085 0.006 0.742 

Note: This table reports estimated effects of macroeconomic news effects, inventory surprises and OPEC on volatility with the consideration of 

the U.S. crisis (January 1, 2008 to June 30, 2009) and the EU crisis (October 1, 2011 to March 31, 2013). There are no OPEC decisions to cut 

and increase during the EU crisis. The sampling period is from July 1, 2003 to Dec 31, 2017. The asterisk ***, ** and * indicates significance 

at the 1%, 5%, and 10% level respectively. The results are computed according to Equation 6. 
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Table 11: Panel B: Estimated coefficient test of means 

  OIL CAD 

  U.S. vs. EU U.S. vs. Non EU vs. Non U.S. vs. EU U.S. vs. Non EU vs. Non 

OPEC        

OPEC CUT 0.000 0.125 0.000 0.000 0.079 0.000 

OPEC INCREASE 0.000 0.000 0.000 0.000 0.000 0.000 

OPEC MAINTAIN 0.088 0.061 0.773 0.010 0.012 0.581 

OPEC Press 0.867 0.418 0.042 0.697 0.901 0.013 

Inventory       

Oil Inventory 0.526 0.759 0.361 0.779 0.661 0.646 

Gas Inventory 0.192 0.043 0.076 0.759 0.263 0.032 

U.S. Macro News       

Construction Spending  0.000 0.011 0.000 0.000 0.750 0.000 

New Home Sales 0.000 0.000 0.034 0.000 0.000 0.037 

Trade Balance 0.297 0.401 0.557 0.142 0.038 0.007 

Unemployment Rate 0.392 0.123 0.002 0.159 0.302 0.098 

Note: This table reports the P value corresponding to the t-statistic to the null hypothesis of equality. 
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Table 12: Estimated effects of macroeconomic news, positive/negative oil and gasoline 

inventory, OPEC press releases and OPEC decisions on volatility without crises: Equation 3 

 OIL  CAD 

Coef. P.Value Coef. P.Value 

ω 0.245*** 0.000 ω 0.011*** 0.002 

휀𝑡−1
2

(OIL) 0.243*** 0.000 휀𝑡−1
2

(CAD) 0.046*** 0.000 

ℎ𝑡−1 (OIL) 0.445*** 0.000 ℎ𝑡−1 (CAD) 0.928*** 0.000 

휀𝑡−1
2

(CAD) 0.146*** 0.000 휀𝑡−1
2

(OIL) 0.002*** 0.0001 

OPEC      

OPEC Cut 2.030* 0.099  -0.147 0.194 

OPEC Increase 0.460* 0.054  0.091* 0.064 

OPEC Maintain 0.661 0.189  0.058 0.643 

OPEC Press -0.134*** 0.0009  0.016 0.208 

Inventory Announcements      

Positive Oil Inventory Surprise -0.132*** 0.000  -0.005 0.818 

Positive Gas Inventory Surprise -0.031 0.397  -0.028** 0.021 

Negative Oil Inventory Surprise -0.093*** 0.0002  -0.015 0.293 

Negative Gas Inventory Surprise -0.055 0.158  0.044** 0.029 

Scheduled U.S. News      

CPI Ex Food and Energy 0.090*** 0.0005  -0.033* 0.084 

Change in Nonfarm Payrolls -0.053 0.202  -0.049** 0.024 

Construction Spending -0.064 0.303  0.036** 0.015 

FOMC Rate Decision 0.074*** 0.0001  -0.133* 0.074 

Housing Starts 0.006 0.908  -0.055*** 0.010 

Trade Balance 0.116** 0.048  0.015 0.425 

Unemployment Rate 0.169*** 0.000  0.045*** 0.009 

Scheduled CA News           

Building Permit 0.094** 0.031  0.015 0.402 

Housing Starts -0.055 0.275  -0.068*** 0.0007 

Industrial Product Prices -0.129** 0.015  0.016 0.537 

BOC Rate Decision -0.079 0.479  -0.101*** 0.006 

Raw Materials Prices -0.019 0.750  -0.048* 0.094 

Unemployment Rate 0.045 0.336  0.054*** 0.002 

Note: This table reports estimated effects of macroeconomic news, positive inventory, negative 

inventory and OPEC decisions on volatility without the crises. The sampling period is from July 

1, 2003 to Dec 31, 2017. To save space, this table only reports the significant macroeconomic 

news announcements. The asterisk ***, ** and * indicates significance at the 1%, 5%, and 10% 

level respectively. The results are computed according to Equation 3.
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Table 13: Panel A: Estimated effects of news, positive/negative oil and gasoline inventory, OPEC press releases and OPEC decisions on volatility within 

crises: Equation 6 

 OIL  CAD 

Coefficient P.Value Coefficient P.Value 

ω 0.012*** 0.002 ω 0.216*** 0.000 

휀𝑡−1
2

(OIL) 0.060*** 0.000 휀𝑡−1
2

(CAD) 0.102*** 0.000 

ℎ𝑡−1 (OIL) 0.907*** 0.000 ℎ𝑡−1 (CAD) 0.491*** 0.000 

휀𝑡−1
2

(CAD) 0.017* 0.068 휀𝑡−1
2

(OIL) 0.017*** 0.000 

 U.S. Crisis EU Crisis No Crisis U.S. Crisis EU Crisis No Crisis 

 Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. Coef. P.V. 

OPEC             

OPEC Cut 4.791* 0.082 0.000 0.999 0.247 0.244 52.313** 0.034 0.000 0.999 0.111 0.796 

OPEC Maintain -0.284 0.470 0.207 0.211 0.031 0.580 0.972 0.565 -0.312 0.343 0.025 0.847 

OPEC Press Release 0.423** 0.023 0.228*** 0.002 0.017 0.335 0.354 0.560 0.450 0.121 -0.088*** 0.004 

Inventory Announcements             

Positive Oil Inventory Surprise -0.138 0.521 -0.002 0.954 0.035 0.201 0.616 0.173 -0.122 0.172 -0.036 0.520 

Negative Oil Inventory Surprise -0.192 0.111 -0.023 0.335 -0.017 0.464 1.962*** 0.002 -0.112 0.148 -0.068* 0.070 

Positive Gas Inventory Surprise 0.172 0.238 -0.055** 0.031 0.042* 0.063 0.753 0.202 -0.118* 0.094 -0.034 0.406 

Negative Gas Inventory Surprise 0.190 0.222 -0.055 0.217 0.009 0.729 -0.089 0.796 -0.081 0.570 0.042 0.473 

Scheduled News             

Chang in Nonfarm Payrolls (U.S.) -0.331*** 0.003 -0.141*** 0.0001 0.041 0.155 -0.804** 0.020 -0.224 0.173 0.052 0.335 

Consumer Confidence Index (U.S.) -0.320* 0.094 0.029 0.762 0.060*** 0.003 -0.163 0.419 0.089 0.549 -0.032 0.525 

Building Permit (CA) 0.606** 0.012 -0.015 0.623 0.028 0.238 -0.306*** 0.0001 0.234** 0.017 0.013 0.846 

GDP (CA) -0.225 0.136 -0.125*** 0.008 -0.072** 0.026 0.082 0.843 0.023 0.822 -0.001 0.983 

Note: This table reports the estimated effects of macroeconomic news, positive/negative inventory surprise and OPEC decisions on volatility with the consideration of the 

U.S. crisis (January 1, 2008 to June 30, 2009) and the EU crisis (October 1, 2011 to March 31, 2013). There are no OPEC decisions to cut during the EU crisis. The 

sampling period is from July 1, 2003 to Dec 31, 2017. To save space, this table only reports the significant macroeconomic news announcements. The asterisk ***, ** and 

* indicates significance at the 1%, 5%, and 10% level respectively. The results are computed according to Equation 6. 
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Table 13: Panel B: Estimated coefficient test of means 

 OIL CAD 

U.S. vs. EU U.S. vs. Non EU vs. Non U.S. vs. EU U.S. vs. Non EU vs. Non 

Inventory Announcements       

Positive Oil Inventory Surprise 0.532 0.426 0.393 0.089 0.037 0.092 

Negative Oil Inventory Surprise 0.171 0.157 0.855 0.050 0.047 0.868 

Positive Gas Inventory Surprise 0.124 0.378 0.002 0.859 0.710 0.0001 

Negative Gas Inventory Surprise 0.130 0.250 0.172 0.172 0.069 0.238 

OPEC       

OPEC Cut 0.000 0.099 0.000 0.000 0.043 0.000 

OPEC Maintain 0.248 0.423 0.314 0.120 0.108 0.892 

OPEC Press Release 0.325 0.029 0.004 0.727 0.935 0.176 

Scheduled News       

Chang in Nonfarm Payrolls (U.S.) 0.103 0.001 0.000 0.024 0.124 0.001 

Consumer Confidence Index (U.S.) 0.099 0.046 0.748 0.0002 0.005 0.011 

Building Permit (CA) 0.010 0.016 0.268 0.029 0.102 0.084 

GDP (CA) 0.526 0.323 0.353 0.660 0.880 0.146 

Note: This table reports the P value corresponding to the t-statistic to the null hypothesis of equality. 
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Table 14: OPEC decisions to maintain oil production unchanged 

Days 

Whole Sample U.S. Crisis 

OIL CAD OIL CAD 

Direct Spillover Direct Spillover Direct Spillover Direct Spillover 

1 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000 

7 0.977 0.023 0.978 0.022 0.905 0.095 0.997 0.003 

30 0.900 0.100 0.919 0.081 0.672 0.328 0.987 0.013 

90 0.765 0.235 0.851 0.149 0.443 0.557 0.973 0.027 

150 0.701 0.299 0.828 0.172 0.372 0.628 0.967 0.033 

200 0.675 0.325 0.820 0.180 0.349 0.651 0.965 0.035 

300 0.653 0.347 0.814 0.186 0.334 0.666 0.964 0.036 

365 0.648 0.352 0.813 0.187 0.331 0.669 0.963 0.037 

Note: This table reports the direct and spillover effects of OPEC decisions to maintain oil 

production unchanged on Oil and CAD volatilities for the whole sampling period and the 

U.S. crisis. The direct effect is the effect of information without any spillover. The 

spillover effect reflects the information effect induced by volatility spillover from the 

other market. The results are computed according to Equation 10. 

Table 15: OPEC decisions to cut oil production 

Days 
OIL CAD 

Direct Spillover Direct Spillover 

1 1.000 0.000 1.000 0.000 

7 0.976 0.024 0.987 0.013 

30 0.897 0.103 0.947 0.053 

90 0.772 0.228 0.894 0.106 

150 0.716 0.284 0.874 0.126 

200 0.696 0.304 0.867 0.133 

300 0.681 0.319 0.862 0.138 

365 0.678 0.322 0.861 0.139 

Note: This table reports the direct and spillover effects of 

OPEC decisions to cut oil production on Oil and CAD 

volatilities. The direct effect is the effect of information 

without any spillover. The spillover effect reflects the 

information effect induced by volatility spillover from the 

other market. The results are computed according to Equation 

10. 
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Panel B: Absolute Oil Returns 

 

 

Panel C: Absolute CAD exchange rate Returns 

 

 

 

 

 

 

 

 

Panel A displays daily CAD exchange rate oil quotes along the whole sample. Panel B and C report the absolute returns of 

CAD exchange rate and oil respectively. 
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Figure 1: Panel A: Currency and oil price quotes 
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  Panel B: Cumulated decisions and CAD/USD 

Panel A shows the cumulated OPEC decision with the oil prices on corresponding dates from July 1, 2003 to Dec 31, 2017. Panel 

B displays the cumulated OPEC decision with the CAD exchange rate quotes on corresponding dates from July 1, 2003 to Dec 31, 

2017. 

Panel B: Positive/Negative gasoline inventory surprises 

Panel A displays positive and negative crude oil inventory surprises. Panel B reports the positive and negative gasoline inventory 

surprises. The results are computed according to Equation 11.  
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Figure 2: Panel A: Cumulated OPEC decisions and oil 

Figure 3: Panel A: Positive/Negative oil inventory 

surprises 
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Figure 4: Impulse response of OPEC decisions to maintain without crossing crisis 

 

This graph displays the volatility impulse response of OPEC decisions to maintain on oil and CAD exchange rate 

without the consideration of crisis. The results are computed according to equation (8). 

 

Figure 5: Impulse response of OPEC decisions to maintain during the U.S. crisis 

 

This graph shows volatility impulse response of OPEC decisions to maintain on oil and CAD exchange rate during the 

U.S. crisis. The results are computed according to equation (8). 

  

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 29 57 85 113 141 169 197 225 253 281 309 337 365

OIL CAD

0

0.2

0.4

0.6

0.8

1

1.2

1 29 57 85 113 141 169 197 225 253 281 309 337 365

OIL CAD



81 

Figure 6: Impulse response of OPEC decisions to cut during the U.S. crisis 

 

This graph reports volatility impulse response of OPEC decisions to cut on oil and CAD exchange rate during the U.S. 

crisis. The results are computed according to equation (8). 
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