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Abstract



This paper aims to examine the impacts of oil price on revenues that provincial government collect from 6 sources: personal income tax, corporate income tax, retail sales tax, federal cash transfers, natural resource revenue and other own - source revenue.  All the dependent variables are expressed in real value per capita. Oil price is used as the key explanatory available; other explanatory variables include U.S. real interest rate, U.S housing real price index and annual population growth rate in each province in Canada. The data consist of 10 provinces over the period 1980 - 2017. The variables are expressed in first differences to test the impact of oil price because of the non-stationary of the variables. The result suggests that higher oil prices do not show a statistically significant impact on the government’s revenue sources except for natural resource revenue. Higher oil prices have a positive significance impact in the four oil rich provinces. According to the sign and magnitude of the coefficients, Saskatchewan and Alberta are more sensitive to oil price than B.C. and Newfoundland and Labrador. 
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[bookmark: _Toc4597233][bookmark: _Toc5627799][bookmark: _Toc7429436]1.  Introduction
[bookmark: _Toc4597234][bookmark: _Toc5627800][bookmark: _Toc7429437]1.1 Motivation for the choice of topic
In today world, crude oil is considered as one of the most crucial natural resources and serves as a spearhead economic sector. Crude oil affects human’s daily lives in various ways especially within the transport sector, also in homes, businesses, and industries. Experts peruse alternate sources such as biofuels, hydrogen, ethanol, electricity, propane and natural gas to replace crude oil in order to protect the environment and also because crude oil is a finite resource. However, substitutes cannot compete efficiently with petroleum yet due to prices; therefore, crude oil still plays a dominant role in the economy. 
In 2017, Canada was a major supplier to the international oil market, particularly to the U.S which imports up to 99% of Canada’s oil export, due to holding one of the largest proven oil reserves with 169,709 millions of barrels (World atlas)[footnoteRef:1]. From 1993 to 2018, the amount of crude oil and petroleum products that the U.S imports from Canada steadily increases (see figure 1). Canada produced nearly 4.96 million barrels per day of crude oil, which accounts for 5% shares of the worlds total (see figure 2). Therefore, oil price is always a major concern and generates many debates in Canada. In terms of macroeconomics, many authors analyzed the effects of oil prices to the economy in different countries – as Dissou (2010) analyzed the Canadian economy. The effect of oil price on inflation as Hooker (2002) suggests is that there is a structural break between U.S inflation and oil prices which occurred at the end of 1980s, or the relationship between oil prices and the currency exchange rate, as Akram (2002) suggested that oil prices and Norwegian exchange rate have a negative relationship. In terms of microeconomics, researchers studied how high oil prices affect households and businesses. Oil prices directly affect gasoline prices (refer to figure 3 as an example of movement oil prices and gasoline from 1990 to 2008 in the U.S.)[footnoteRef:2].  [1:  https://www.worldatlas.com/articles/the-world-s-largest-oil-reserves-by-country.html]  [2:  r = 0.98 means that the correlation coefficient is nearly a perfect positive linear relationship. It indicates an extremely strong linear relationship. ] 

As the oil prices increase, households will spend less on other goods and services because the gasoline price increases as well and businesses will pay more for the production process (such as transportation). As a result, the price for finished goods will also increase and become more expensive for households. However, researchers paid little attention to gain deeper insight to the link between tax revenue and oil prices. Hence, this research will focus on this interesting topic.
This research is novel in many perspectives. First of all, there is a direct relationship between the changes in the price of oil and the revenue that the government would collect from natural resources. Furthermore, Canadian citizens are required to pay taxes for purchasing gasoline to the two levels of government. But in this paper, I will only focus on provincial government. The provincial government charges excise taxes on gasoline and PST (provincial sale tax) that is a “tax on tax”. These taxes vary between provinces. In the short run, an increase in oil prices will help the provincial government to collect more tax from a portion of the final price that the consumers pay. However, the demand is inelastic since consumers need time to change their behavior, but in the long run, they will find other ways to reduce their consumption. They may change to vehicles which consume less gasoline or use public transportation. However, the direct impact of a ten percent reduction in oil consumption should only be about 0.4% reduction of U.S. GDP (Rogoff 2006) because oil is a relatively small share of total income. Therefore, will oil price increments have such a huge impact that the government should be worried about? In 2015-2017, Canada’s oil and gas industry paid nearly $7 billion includes royalties, corporate income tax, land sales , and municipal taxes to the government[footnoteRef:3]. Kneebone (2015) claimed that in 2013 to 2014, 22% of the provincial program expenditures was contributed by the income earned from the exploitation of natural resources in Alberta as well as Saskatchewan, while Newfoundland & Labrador relies on the income that funded up to 32% of the expenditures. However, this simple analysis did not tell us about the nature of the overall relationship. How strong is the correlation between tax revenue and oil prices? Do high oil prices bring a major contribution to higher or lower revenue for the provincial government? What about the other factors that will be affected as well? And will the price of commodity shock have the same consequence as oil prices? Dissou (2010) claims that an increase in prices of any other natural resource will also lead to the same phenomenon as oil, which is explained by the “Dutch Disease”.  [3:  https://www.capp.ca/publications-and-statistics/statistics] 

 I believe this study will help to take into account of rise and fall in resource revenues and to make more precise revenue targets. These revenues may play a crucial role for the budget, but they are extremely difficult to predict because oil price fluctuations make it risky for the government to rely on. Provincial budget might also be affected significantly to the increase in oil prices through the equalization program. Assuming that when oil price increases, oil rich provincial government collects more revenue from these sources, then the federal government may have to transfer more to the oil poor provinces.
[bookmark: _Toc4597235][bookmark: _Toc5627801][bookmark: _Toc7429438]1.2 Objectives 
The purpose of this paper is to empirically examine the relationship between crude oil prices and how much Canadian provincial governments collect from different sources. My paper attempts to shed light on how sensitive are the revenue of provincial government to the change of oil prices. Six types of revenue sources are considered: personal income tax, corporate income tax, retail sales tax, federal cash transfers, natural resource revenue and other own- source revenue. Federal cash transfers to provinces – the transfer from federal government to provincial government – are realized under two programs: The Canadian Equalization Program and Territorial Formula Financing. Oil revenues are mainly collected in Alberta, Saskatchewan and Newfoundland and Labrador; however, other provinces have revenues from others resources and the prices of these sources may be positively correlated with oil prices. For example, Ontario currently has very little oil and gas production, but concentrates on mining activities. British Columbia relies primarily on natural resources: forest products, natural gas, mines and hydro electricity. Therefore, prices of raw materials that are correlated with oil prices may have an influence on the provincial economy (Bernard, 2012). 
[bookmark: _Toc4597236][bookmark: _Toc5627802][bookmark: _Toc7429439]1.3 Research question
This research is aimed at answering the following question: is there any relationship between oil prices and how much revenues the provincial government collects from six major sources?
[bookmark: _Toc4597237][bookmark: _Toc5627803][bookmark: _Toc7429440]1.4 Structure of paper
This research is organized in the following order: the next section briefly reviews some relevant literature, whilst the third section outlines a structural framework and data description for analyzing oil price and tax revenue. The fourth section presents and analyzes the results and the fifth section concludes.
[bookmark: _Toc4597238][bookmark: _Toc5627804][bookmark: _Toc7429441]2. Literature Review
There are many papers that have studied topics related to the impacts of oil prices on the economy in general and in countries in particular. In Canada, much of that literature focuses on the role of oil prices in three provinces that mainly produce oil which are Alberta (77.4% of the total crude oil production in Canada in 2014), Saskatchewan (13.7%) and Newfoundland and Labrador (5.7%). According to NRCAN, these three provinces provide more than 96% of oil production in Canada[footnoteRef:4]. B.C and Manitoba accounts for 1.3% respectively, while other provinces, such as Ontario and Quebec, mainly import from other provinces or countries to meet their refinery requirements. There is a large empirical literature that focuses mostly on the effects of oil prices on the overall economy, whilst the provincial government’s revenue remains understudied. One exception is Kneebone (2015) who mentions only the effects on natural resource revenues but pays no attention to what happens to other taxes.  [4:  https://www.nrcan.gc.ca/energy/oil-sands/18086] 

[bookmark: _Toc4597239][bookmark: _Toc5627805][bookmark: _Toc7429442]2.1 Oil price and macroeconomics in general
Empirical studies have shown macroeconomic consequences (in terms of GDP, labor market, stock market, interest rates, and inflation rates) of oil price shocks to the economy. 
Labor market
For the labor market sector, Davis and Haltiwanger (2001) conducted a study using quaterly Census data from 1972:II to 1988: IV to see the effects of oil price shock on the creation and destruction of jobs in the U.S. manufacturing sector. They concluded that job destruction responds  more sensitively than job creation. The largest oil shock removed eight percent of the manufacturing employment within two years. However, there is an asymmetric response to oil price fluctutaion, employment growth rate decreases sharply following a large oil price run-up, which nevertheless, changes partially by a large oil price decrease. Dogan (2010) claimed that the increase in oil prices will also significantly increase real national income through higher export earnings and create terms of trade effects. Keane and Prasad (1996) used the U.S data to find out that overall wage rate decreased while skill worker wage rage increased. 
Gross Domestic Product (GDP)
In terms of GDP, Mork (1994) investigated the correlation between oil prices and GDP in seven OECD countries. It is reported that with oil price increases, the correlations are negative and significant for most countries except for Norway. Moreover, the economy mostly benefits from oil price decreases, but only significantly in the U.S. and Canada. Kilian (2005) suggested that exogenous oil supply disruption will reduce real GDP growth in most of G7 countries. Exogenous oil supply disruptions do not necessarily create inflation, but higher short-term interest rates. Farzanegan and Markwardt (2009) [footnoteRef:5] applied a VAR model and used quarterly data for the 1988: I – 2004: IV period in Iran to discover that both significant increases or decreases in oil prices affect the output of the economy. Furthermore, inflation responds positively and significantly to any kinds of oil price shocks. Lee, Ni and Ratti (1995) discussed that in a stable environment, the change of oil prices has more effect on real GNP. Moreover, only positive oil price shocks are statistically significant while the negative ones are not.  [5:  Canadian economy is expected to respond similar to Iranian economy because oil industry plays an important role in Iran. Iran is one of the largest oil producing countries. ] 

Berument, Ceylan and Dogan (2010) demonstrated that higher oil prices lead to lower disposable income and to decrease of consumption. If oil prices increase permanently, output will decrease and increase inflation (see Mork 1989 and Lee et al. 1995). As a result, tax revenues fall and budget deficits rise. 
Rogoff (2006) concluded that the oil price increase between 2003 and 2005 lead to a decreased global output by 1.5%, or 750 billion dollars – a massive decline in global GDP growth – while oil prices increase “today” (2006), the global GDP growth also increases. Most oil consuming countries are less vulneralbe to oil price fluctuations than they used to be in the past due to “greater energy efficiency, greater concentration of oil consumption in final demand, better anchored monetary policy, deeper financial markets, and more flexible labor market” (Rogoff 2006) ; however, it is still the main issue for the producing countries. Katayama (2013) stated that the effects of oil price shocks have been weaker, and predicted that the effects will decline more in the future by using VAR analysis and from analyzing different time periods (before and after 1984).
In a nutshell, most of the empirical studies are concerned about the affects of oil prices on the economy of U.S. and the G7 countries. The U.S. economy responds negatively to the increase in oil price and positively to the decrease in oil price. It is totally understandable for this response because over the period of 1980 to 2017, the U.S. was one of the largest oil importers in the world. The study of the U.S. is helpful for this study since Ontario, Quebec are net importers as the U.S. However, as one of the largest oil exporters, the Canadian economy is expected to receive benefits from oil price increase. The following section will discuss in more detail the Canadian economy response to crude oil price. 
[bookmark: _Toc4597240][bookmark: _Toc5627806][bookmark: _Toc7429443]2.2 Oil price shock and how Canada’s economy responds.
Gross Domestic Product (GDP) 
The relationship between oil prices and the Canadian economy is still a matter of discussion. Dissou (2010) stated that the growth in oil prices is advantageous to the Canadian economy in terms of “trade, real GDP increases, during most periods and the consumption profile is higher in all periods. Household’s welfare change is positive”. He pointed out that a permanent 20% increase in world oil prices results in 0.4% increase in GDP in the long run. Because oil contributes only a relatively small share of global GDP at 4% (Rogoff 2006), it is difficult to explain why its shock has a large impact on GDP. Similar to Dissou (2010), Sanchez (2005) stated that a decrease in oil prices will have a negative impact on the Canadian economy, leading to “a fall in GDP growth and a real effective exchange – rate appreciation”, which can be explained by the early 1980s where Canada switched from net oil importer to net oil exporter. Mckenzine and Carbone (2016) studied the effect of 10% reduction in oil price on the Canadian economy in general and on Alberta and Ontario specifically. It is as expected that Ontario and Alberta show opposite results as Ontario is better off due to the manufactoring sector and exporting. However, the result shows that “ 10% reduction in the price of oil leads to a long run reduction in GDP of approximately 1% nationally”. 
 In contrast, Mork (1994) concluded that the increase in oil prices and GDP fluctuations are negative and significant, while the correlations with the decrease in oil prices are mostly positive and also significant in Canada. The result is clearly asymmetric. Rahman and Serletis (2012) investigated the impact of oil price uncertainty on Canada’s economic activity by using quaterly data from 1974:I to 2010:I and bivariate VARMA, GARCH – in – Mean, asymmetric BEKK model. The results showed that increased uncertainty in the change in oil prices will lead to lower average growth rates of real economic activity in Canada, which is similar to the previous study of Elder and Serletis (2009) for Canada. The November 2008 crash that decreased oil prices is associated with a significant decrease in the real growth rate of output. 
Wage rate
Dissou (2010) stated that a 20% permanent increase in world prices of oil lead to a permanent decrease in the short run for employment by 0.2% and in the long run by 0.1%. Moreover, the household consumption and consumption price index both increase in the short run and in the long run. These factors lead to a decrease in nominal wages and in increase in inflation. As a result, there was an overall decrease in real wages. However, overall welfare responded positively by a change of 0.24.
Kilian (2005) estimated that unlike most of the G7 countries, Canada showed a slight increase in real wages when the exogenous oil supply disrupts, this correlation, however, is statistically insignificant. Burbidge and Harrison (1984) as well as Sanchez (2005) also concluded that in terms of oil price shocks on real wages, real wages in all countries decline, except for Canada’s real wage which responded positively to the shock. This result is statistically significant.
Provincal government response (3 provinces)
Ron Kneebone (2015) used the data set from 1970 to 2014 to construct a model to find out how provincial governments responded to the commodity shock. He concluded that even though Alberta and Saskatchewan have dealt with a large amount of these resource revenues for a long time, they have not been successful in using it efficiently. Similarly, Newfoundland and Labrador also depends on this unpredictable resource revenue. Therefore, a dramatic fall in oil prices is a huge threat to their expenditure budget for health, education and social assistance programs. As we can see in the data from the period from 1980 to 2002, Newfoundland and Labrador was considered to be a “poor” provinces that relied heavily on federal cash transfers. It also collected revenue from personal income, corporate income, and retail sales tax, whilst their natural resource revenue was extremely slight. However, since the discovery of off-shore oils that had started in the 1990s, the economy of this province turned a new page, and depended on the income from natural resources, which funded over 32 percent of its expenditure program (Kneebone 2015). For Alberta, since 2000, revenue earned from natural resources is the highest among other resources (in 2000, this revenue accounted for 41% of total revenue). Saskatchewan also followed the same since 2000 as their natural resource revenue has been on an upward trend, becoming a major part of the provincial government expenditure budget. 
[bookmark: _Toc4597241][bookmark: _Toc5627807][bookmark: _Toc7429444]3. Model and Data
[bookmark: _Toc4597242][bookmark: _Toc5627808][bookmark: _Toc7429445]3.1 The model
This study analyzes the emprical evidence on the effects of oil prices on the revenues that provincial government collect in the form of personal income tax, corporate income tax, retail sales tax, federal cash transfers, natural resource revenue and other own - source revenue. The latter are the dependent variables and the price of oil, U.S. real interest rate, U.S. real housing price index and annual growth rate of population in each provincial are the independent variables. The price of oil is the main variable of interest. The other exogeneous variables are chosen because I believe that they do not depend on the prices of oil in the short run. For the dependent variables, I used their per capita values in real term.
I expect here that the linear relationship between each of the revenue sources that the government collect and the price of oil will be statistically significant in the four provinces where crude oil is a key factor of the economy, excluding federal cash transfers. I do not expect oil price to be a factor in this case. From non oil producing provinces, I expect a negative effect on tax revenues and positive effects on the federal cash transfers. As discussed above on the previous research in the U.S., the relationship between oil prices and the economy of Ontario is expected to be negative. A raise in oil prices lead to job destructions and a decrease in real wage, which therefore lead to a decrease in income tax revenues and corporate income tax revenues. People are less likely to go shopping because they earn less; as a result, retail sales tax is expected to decrease. These provinces which are vulnerable from oil price increases may receive more from federal cash transfers.  
In order to answer the question of interest, this study uses the following econometric specification:
(1) Personaltj = β0j + β1j Ptj + β2j iratetj  + β3j hpitj + β4j Growthtj + β5j t + εtj 
(2) Corporatetj = β0j + β1j Ptj + β2j iratetj  + β3j hpitj + β4j Growthtj + β5j t + εtj
(3) Retailtj = β0j + β1j Ptj + β2j iratetj  + β3j hpitj + β4j Growthtj + β5j t + εtj 
(4) Federaltj = β0j + β1j Ptj + β2j iratetj  + β3j hpitj + β4j Growthtj + β5j t +εtj 
(5) Naturaltj = β0j + β1j Ptj + β2j iratetj  + β3j hpitj + β4j Growthtj + β5j t + εtj
(6) Othertj = β0j + β1j Ptj + β2j iratetj  + β3j hpitj + β4j Growthtj + β5j t + εtj 
Where Personaltj is the real personal income tax per capita, Corporatetj is the real corporate income tax per capita, Retailtj is the real retail sales tax per capita, Federaltj is the real federal cash transfer per capita, Naturaltj is the real revenue from natural resource per capita, Othertj is the real revenue from other own source per capita, Ptj is the real average price of oil, iratetj is the annual U.S. real interest rate, hpitj is the real annual U.S. housing price index, growthtj is the annual growth rate of population in specific province in Canada, t is the time trend which is equal to the time index in a given year. In addition, the model has an intercept term for each province (β0). The subscript (t) represents the time period and the subscript (j) denotes the province. And εij is the random error term.
However, because of the non stationary time series data problem, this paper will use the first difference regression instead. This method helps us to transform the time series data so that they become stationary. Hence, the equations are modified as follows:
(7)             Personaltj = 0j + 1j  Ptj +  2j   iratetj  +  3j   hpitj +  4j   Growthtj  + ε*tj
(8)              Corporatetj = 0j + 1j  Ptj +  2j   iratetj  +  3j   hpitj +  4j   Growthtj  + ε*tj
(9)              Retailtj = 0j + 1j  Ptj +  2j  iratetj  +  3j   hpitj +  4j   Growthtj  + ε*tj
(10) Federaltj = 0j + 1j  Ptj +  2j   iratetj  +  3j   hpitj +  4j   Growthtj  + ε*tj
(11) Naturaltj = 0j + 1j  Ptj +  2j   iratetj  +  3j   hpitj +  4j   Growthtj  + ε*tj
(12) Othertj = 0j + 1j  Ptj +  2j   iratetj  +  3j   hpitj +  4j   Growthtj  + ε*tj
where  is the first difference operator
[bookmark: _Toc4597243][bookmark: _Toc5627809][bookmark: _Toc7429446]3.2 The data 
The sample covers the period from 1980 to 2017 for the ten Canadian provinces. The latters are classified as “poor” provinces and “rich” provinces according to the level of natural resource revenue that they collect. The four “rich” provinces are Newfoundland and Labrador, Saskatchewan, Alberta, and British Columbia and their natural resource revenue are reported separately. Other provinces do not have data in natural resource revenue, but do have other own source revenue that may include natural resource revenue. Alberta is the only province that does not have retail sales tax. Using the OLS estimation technique, the 10 provinces are treated separately. Each province is considered to be a small open economy which depends significantly on a large foreign economy such as the U.S. This is one of the reasons why I mainly used independent variables focusing on the U.S. Moreover, Canadian variable is more affect by the change of oil price, using endogenous variable in the right side will make the equation bias. 
Data on U.S. interest rates are provided by the Federal Reserve Bank of St. Louis. Data for the US Home Prices Index are provided by Irrational Exuberance (Princeton University Press 2000, Broadways Books 2001, 2nd edition, 2005. Data for the price of crude oil is from BP Statistical Review of World Energy, June 2002, for the first period of 1980to 1985 and from Cushing, OK, WTI Spot Price FOB over the second period from 1986 to 2017. I collected data from two sources because each source does not cover the whole period from 1980 to 2017. However, the data from these two sources are similar for the overlapped period. I used West Texas Intermediate prices (WTI) because the United States imported 97% of Canada’s oil exports in 2014 (NRCAN)[footnoteRef:6]. The crude oil price is reported in U.S. dollars per barrel, and it is converted into Canadian dollar using average annual exchange rate. Data for the exchange rates (Canadian Dollar to U.S. Dollar) are provided by Statistics Canada (Table 7.1 Interest rates and exchange rates[footnoteRef:7]). Data for personal income tax, corporate income tax, retail sales tax, federal cash transfers, natural resource revenues and other own resource revenues are provided by R. Kneebone and M. Wilkins “Canadian Provincial Government Budget Data, 1980/81 to 2017/18” Canadian Public Policy (Volume 41, Issue 1, pages 1-19, March 2016). Data for the consumer price index (CPI) in Canada for each province is provided by Statistics Canada (Table: 18-10-0005-01 CANSIM 326-0021). Data for the U.S. CPI is provided by the Federal Reserve Bank of Minneapolis (base year is chained 1982-1984 =100). Data for the total annual population from each province is provided by Statistics Canada, Demography Division. [6:  https://www.nrcan.gc.ca/energy/oil-sands/18086]  [7:  Canadian dollar exchange rate index (CERI) (1992=100). A rise in the index indicates an increase in the value of the Canadian dollar] 

[bookmark: _Toc5627810][bookmark: _Toc7429447][bookmark: _Toc4597244]3.3 The Explanatory Variables 
Price of crude oil
From figure 4, our first impression is that WTI price is fairly stable over the period 1986 – 2000 with some slight fluctuations. However, after a few years of relative stability, it was suddenly trending upwards from 2002 until 2008. In 2009, the price decreased, but it cannot be compared to the price before the shock. Then it tended to increase and maintain at the same from 2010 to 2014 level. In 2014, we observed another decline in price. The oil glut was caused by the increase in oil production in U.S., while the demand decreased. OPEC then attempted to cut oil supplies in order to keep the price stable.
The world has experienced many oil- price shocks since 1973, but in this paper, I only concentrate on the shocks after the 1980s. The first one occurred in 1990. At the time of the Gulf War, the price jumped from $19.64 to $24.53 per barrel. The second one occurred in 1999. After the decline in oil prices in 1997-1999 due to weak demands from Asia, the price moved up from $19.34 to $30.38 per barrel. The third one was in the period from 2003 to 2009, where it jumped from $31.08 to $99.67 per barrel, and reached a record peak. This was explained by the raising demand in countries such as China and India, then it started to decrease because of the financial crisis that occurred in 2008. The fourth took place in 2011 during the Egyptian revolution where it shifted up to $94.88 per barrel.  
In short, oil prices have been fluctuating up and down making it difficult to forecast its move. The main reason that is responsible for oil price fluctuations is the shifts for its demand. For example, when economies expand, there is an increase in the demand of oil, which lead to oil price increases.   
Interest Rate
The U.S. interest rate is provided by the Federal Reserve Bank of St. Louis, which is originally collected by the Board of Governors of the Federal Reserve System (US). The data are reported by percent and not seasonally adjusted. The average annual interest rate is based on the 10 – year treasury constant maturity rate (DGS10). The data are available from 1980 to the most recent year. For this study, the annual interest rate is calculated from the average of the twelve months’ bank rate. However, because the data is a nominal interest rate, I used the U.S. Consumer Price Index (CPI) to calculate the real interest rate. 

I preferred to use the real interest rate because it contains information on inflation as inflation is a very strong endogenous factor for economic outcomes. 
Housing price index
The U.S. Housing Price Index is recorded as the real home price index variable. Thus, it is not necessary to correct it for inflation. The data are reported monthly from 1953 onward; therefore, for this study, I used the average of 12 months to calculate the annual housing price index. 
The annual growth rate of population
I calculate the annual growth rate of the population based on the total population in each year.  

I use the annual growth rate of population variable to observe how individuals think of the economy situation in these provinces. As the higher growth rate of population, the province is expected to have booming economy that attracts migration. 
[bookmark: _Toc4597246][bookmark: _Toc5627811][bookmark: _Toc7429448]3.4 Econometric Techniques
Ordinary Least Square (OLS) method is used. For the multiple linear regression model to be efficient and unbiased, there are primary assumptions that need to be met. All of hypothesis tests are carried out at 5% level of significance. First, White’s test is used to test for heteroskedasticity. For White’s test, the null hypothesis is that the error terms are normally distributed with variance σ2, and the alternative hypothesis is that the error terms do not have a constant variance. The problem of heteroskedasticity appeared in some cases.
Second, Breusch-Godfrey test is carried at 5% level of significance to test for autocorrelation in the residuals. The Durbin Watson test is also used to test autocorrelation. The null hypothesis is that there is no autocorrelation and the alternative hypothesis is that there is autocorrelation. After carefully running this test on the regression in level, I conclude that there is strong positive autocorrelation detected in most of the regressions at the 5% level of significance.
Therefore, the first difference specification is used to correct the strong autocorrelation of non stationary data [footnoteRef:8].  [8:  If the p-value is lower than 0.05, the econometric problem exists] 

[bookmark: _Toc4597247][bookmark: _Toc5627812][bookmark: _Toc7429449]4. Result
[bookmark: _Toc4597248][bookmark: _Toc5627813][bookmark: _Toc7429450]4.1 Summary Statistics
Table 1 shows the summary statistics of all the variables to be used. Quebec has the highest average real income tax per capita among 10 provinces, which is $2040.55 on average; as well as the highest average corporate income tax, which is $945.02 on average. The result is as expected because Quebec has the highest tax brackets. Newfoundland and Labrador has the highest average retail sales tax which is $1141.81, while Saskatchewan has the lowest which is $810.94. Saskatchewan has the lowest retail sales tax revenue due to its lowest PST rate, which is 6%. Prince Edward Island has the highest federal cash transfer of $2996.88 on average because of its small population and lack of natural resources. Amongst the four provinces that have natural resources revenues, Alberta has the highest natural resource revenues which is $2103.03 on average. Alberta also has the highest other own – source  resource revenues that is $2581.24 on average. The real price of oil is slightly different between provinces because of the diffence in province’s CPI.  Even though Manitoba is one of the oil producing provinces, they have the highest oil price, which is $53 on average and lowest in New Brunswick which is $49.29 on average. The gap of oil price between two provinces is quite big. Alberta has the highest population growth rate, which is 1.90% on average while Newfoundland and Labrador has lowest which is - 0.2% on average. Newfoundland and Larbrador is the only province in Canada has the negative average poplation growth rate. The negative sign can be explained that the undiverse job market, slow growth industry and productivity cause young people migrate to other provinces.  Overall, Alberta is attractive to immigrants because of its low cost of living and booming energy sector. 
[bookmark: _Toc4597249][bookmark: _Toc5627814][bookmark: _Toc7429451]4.2 Empirical result
Using OLS regression, with an option of the first difference estimator, the direct relationships based on the econometric models for 10 provinces and 6 types of sources are analyzed. The results are presented from table 2 to table 11. Only few coefficients of oil rich provinces are found to be statistically significant. Also, for poor oil provinces, only few U.S. variables display small statistical significance. 
The R- squared values , which indicates that the percentage of the variation in dependent variables is explained by the independent variables presented in the model, are very weak. The low R- square is expected because it is more difficult to explain variables in first difference than in the level. Another limitation of these regressions is that even though I used the first difference estimator, autocorrelation is still a problem in some models at the 5% level of significance. Moreover, the problem of hetroskedasticity appeared in some cases such as Ontario for other own - source model, Saskatchewan for natural resources model, British Columbia for corporate income tax and retail sales tax model. Robust Standard Errors with White’s method is used to fixed models that witnessed heteroskedasticity. 

Price of oil
The results show that the oil producing provinces mainly show the significant impact in some cases. For example, in corporate income tax revenue, the effect of oil prices is insignificant in all provinces except for Manitoba and Alberta at 10% and 1% significance level respectively.  The signs of both coefficients are positive and the magnitude of coefficient of Alberta is higher than Manitoba. It is not surprising that Alberta shows the most sensitivity to oil prices because the oil and gas sector is Alberta’s largest industry. The oil price increase will boost the investment for corporations in the energy sector and also increase oil production in Alberta. 
For retail sales tax revenue, the coefficients are positive and statistically significant at 10% in Saskatchewan. For every $1 increase in the oil price, retails sales tax increases by $3.23 in Saskatchewan (table 9). The effect of the oil price increase is the largest in Saskatchewan in term of retail sales revenue. I do not expect these results to be significant in any provinces because the oil price increase is leading to more expensive consumer goods and higher retail prices because of the higher transportation and production costs (machines use oil to run). Moreover, when oil price increases, consumers spend more money on gasoline so that they have less disposable income to spend on clothing, dining out, or groceries. Provinces would then face a negative hit in spending. However, it can be explained that demand for oil is inelastic, oil price increases will lead to revenue would increase. According to Dissou’s paper (2010), oil prices increase rise household consumption. As a 20% permanent increases in world oil prices will lead to 0.2% increase in the household consumption after a year, and after 10 years, it jumps up to 0.3%. Saskatchewan is a resource rich province, the oil economy sector is booming, leading to consumers earning more, therefore they end up spending more. 
Only four oil producing provinces report separately the natural resource revenue. Saskatchewan and Alberta are more sensitive to higher oil prices than Newfoundland and British Columbia in term of the magnitude and significance of the coefficient. The coefficient of Saskatchewan, Alberta, British Columbia and Newfoundland are positive and statistically significant at 1% level, 1% level, 5% level and 10% level respectively. According to the Table 2, Table 9, Table 10, and Table 11, for every $1 increase in oil price, there is a $57.07 increase in natural resource revenues in Alberta, a $35.65 increase in Saskatchewan, only $4.28 increase in British Columbia, and $2.43 increase in Newfoundland. The effect of oil prices has a big gap between these four provinces because Alberta and Saskatchewan are the first and second oil producing provinces in Canada, which represent 80% and 11% of Canada total crude oil production. (National Energy Board)[footnoteRef:9], in spite of being ranked as the 3th and 4th oil producing province, Newfoundland only accounts for  6% and British Columbia 1.4%  of Canada’s total crude oil productions (National Energy Board)[footnoteRef:10].   [9:  https://www.neb-one.gc.ca/nrg/ntgrtd/mrkt/nrgsstmprfls/sk-eng.html]  [10:  https://www.neb-one.gc.ca/nrg/ntgrtd/mrkt/nrgsstmprfls/bc-eng.html] 

Federal cash transfer is difficult to capture because federal cash transfers are based on data from the previous 2 or 3 years. As a 10% decrease in oil price, “the welfare losses […] from 0.69 percent to 1.19 percent in resource-intensive provinces, […] increase from 0.13 percent to 0.25 percent in other provinces”.  Therefore, it is expected that with a positive shock, oil producing provinces are benefitting less from the government because of lower welfare losses and non oil producing province benefitting more (Mackenzie 2016). However, it is interesting to see that Newfoundland and Labrador receive more from federal cash transfers, and it is unexpectedly significant at 10% level. The positive sign can be explained that even though oil industry is one of the most important contribution to the provincial economy, the cause of Dutch Disease due to higher oil price makes the provincial economy more vulnerable. The coefficient of Nova Scotia is also statistically significant affected at 10% level. As the oil price increases, Nova Scotia will receive more fund from the federal government. The positive sign indicates that Nova Scotia is considered a maritime province, oil price increases will lead to an increase in production cost, more money needed to spend on boats, machines and shipments.
Only four oil producing provinces report separately the natural resource revenue. Saskatchewan and Alberta are more sensitive to higher oil prices than Newfoundland and British Columbia in term of the magnitude and significance of the coefficient. The coefficient of Saskatchewan, Alberta, British Columbia and Newfoundland are positive and statistically significant at 1% level, 1% level, 5% level and 10% level respectively. According to the table 2, table 9, table 10, and table 11, for every $1 increase in oil price, there is a $57.07 increase in natural resource revenues in Alberta, a $35.65 increase in Saskatchewan, only $4.28 increase in British Columbia, and $2.43 increase in Newfoundland. The effect of oil prices has a big gap between these four provinces because Alberta and Saskatchewan are the first and second oil producing provinces in Canada, which represent 80% and 11% of Canada total crude oil production. (National Energy Board)[footnoteRef:11], in spite of being ranked as the 3th and 4th oil producing province, Newfoundland only accounts for  6% and British Columbia 1.4%  of Canada’s total crude oil productions (National Energy Board)[footnoteRef:12].   [11:  https://www.neb-one.gc.ca/nrg/ntgrtd/mrkt/nrgsstmprfls/sk-eng.html]  [12:  https://www.neb-one.gc.ca/nrg/ntgrtd/mrkt/nrgsstmprfls/bc-eng.html] 

For personal income tax revenues, the empirical study found no evidence that oil price has a significant impact on any revenue sources included in this study for any provinces. For the sign of the coefficients, almost  all of rich oil provinces  have postive coefficients and poor oil provinces have negative coeffeficients as expected except for Saskatchewan, Ontario and Quebec. I expected that the result will significantly positive to income in four oil producing provinces – where they mainly rely oil and gas tax payers because higher oil prices will lead to higher wage rates (Sanchez 2005). New jobs will be created in the energy sector because of higher demands in this industry. Carbone (2016) pointed out that a 10% decrease in oil price will lead to a decrease of 22.6% of labor demand in crude oil sector in Alberta. It indicates that oil price shock significantly impact labor demand, which might lead to a significant decrease in pesonal income tax. 
I expected that Ontario and Quebec – which are the least oil oriented –  should have significantly negative relationships of oil price and six sources of revenue except for federal cash transfer since they would be vulnerable via a weaker U.S. economy and higher energy costs. The oil intensive sectors in these provinces – including manufacturing and transportation – would have to deal with higher production costs. The economic activity is slow and will potentially lead to cutting off employers (businesses try to reduce labor and input costs). As oil import provinces, job destruction in Quebec and Ontario should also increase as what happened in the U.S. Quebec also does not have any crude oil production; therefore, they import oil from Eastern Canada, Europe, the Middle East, and the U.S. According to the stimulation in Dissou’s paper (2010), a 20% permanent in oil price increase will worse off the manufacturing industry by 1.6% after 1 year and 2.7% after 10 years while the energy intensive sector – transportation and aerospace dominates Quebec’s economy. However, all of the coefficients for Quebec and Ontario are insignificant.
U.S. interest rate
Higher U.S. interest implies that the cost of borrowing is higher, individuals have less disposable income to spend; therefore, decrease growth of consumption spending. It also indicates that value of asset in the future will be higher than today, individuals are motivated to save more rather than to spend. It is expected that higher U.S. interest rate will have the negative effects on the Canadian economy. The U.S. government raise the interest rate because they want to slow down the U.S. economy, it also means that the Canadian economy might be downturn as well because of the decrease in oil demand. However, higher interest rate will strengthen U.S. dollar, it means that the U.S. can purchase more oil with $1 U.S. Dollar. Nevertheless, the overall impact of oil price on real U.S. interest rate is ambiguous. According to the result from the study, the coefficient of Alberta and Quebec are positive and statistically significant at 1% level and 10% level respectively in other-own source variable. Alberta are more sensitive to the change in U.S. interest rate than Quebec, also the magnitude of Alberta is 7 times larger than Quebec. One percent increase in interest rate will increase $167040.07 in other own - resource revenue in Alberta and only $2501.10 in Quebec. This could be explained that Alberta is not only oil rich province but also other-own sources rich province. When interest rate increase, U.S. – the largest importer of Alberta, tend to import more. It also explains why the coefficient of corporate income tax revenue is positive and statistically significant at 1% level.  
The coefficient of Newfoundland and Labrador is negative and statistically significant at 1% level in retail sales. The negative coefficient can be interpreted as U.S. is the largest exporter of Newfoundland and Labrador which accounts for 56.6% of the province’s export in 2013[footnoteRef:13]. Higher interest rate increases the value of U.S. dollar, which will raise the cost of imported goods from the U.S. Therefore, it will cut off the consumers spending, which potentially hurt the retail sales revenue and slow down the provincial economy.  [13:  https://lop.parl.ca/sites/PublicWebsite/default/en_CA/ResearchPublications/TradeAndInvestment/201438E
] 

The coefficient of Nova Scotia is positive and statistically significant at 1% level in federal cash transfer. Higher real U.S. interest rate means a booming economy and higher profitability in oil rich provinces due to higher oil demand from the U.S. Nova Scotia receives the most benefit from the federal government among the oil poor provinces since they are one of the lowest GDP per capita province, which is $44,931 in 2017 (Statistics Canada)[footnoteRef:14] . Even though Prince Edward Island has a slightly lower GDP per capita, Nova Scotia receives more fund from the government because they have higher population. Hence, they need more fund to spend on healthcare, pension and etc.  [14:  https://en.wikipedia.org/wiki/List_of_Canadian_provinces_and_territories_by_gross_domestic_product
] 

U.S. housing price index
U.S. housing price index is a series that reprents the change in prices of residential housing. It is expected that the U.S. housing price index will have a positive relationship with the economy of Canada. Higher housing price index suggests that the property market is in upturn, housing demand in U.S. increases. It also indicates that U.S. economy is booming so that individuals can afford to buy a house, which is good news for the Canadian economy as well. 
 In fact, the U.S. housing price index overall is insignificant and positiviely related to six sources revenue. There are some cases where U.S. housing price is negatively related but they are minority. Only the positive impact of housing price index on sources revenue is significant, the negtive impact is insignificant. The positive signs indicate that higher housing price in the U.S. leads to higher revenue from difference sources of tax in Canada. For example, in Nova Scotia, the coefficients of personal income tax and corporate income tax are positive and significant at 10% level and 1% level respertively. In Ontario, the coefficient of corporate income tax is positive and significant at 5% level. In Alberta, the coefficient of natural resources revenue is positive and significant at 5% level. In British Columbia, the coefficient of federal cash transfer and natural resources revenue are positive and significant at 5% level. In general, the results show that corporate income tax and natural resources revenue are more sensitive to the change of housing price index. 
It is as expected that Nova Scotia, Ontario, Alberta and British Columbia are significantly impacted by the housing price in the U.S. because U.S. is the largest importers of these provinces. 
The annual growth rate of population
The increasing in growth rate of population implies that provinces are attractive for migration due to their booming economy, low unemployment rate, cost of living, and employment opportunities. But it also means that the provincial government will have to spend more budget for health care, pension, social services, education and etc. The results show that overall, annual growth rate of population does not have a statistically significant effect on six sources of revenue except for a few cases. 
The coefficient of annual population growth rate is positive and significantly at 10% level in other source -  revenue in Prince Edward Island. In Alberta, the coefficient of annual population growth rate is positive and significantly at 10% level in personal income while it is negative and significantly at 5% level in natural resource revenue. The positive sign of coefficient in personal income can be explained by international migration was the largest contributor to the population growth. It indicates that the number of skilled worker will be increased, which push up economic growth. 
Turning to corporate income variable, the effect of annual population rate is positive and statistically significant at 10% level in British Columbia and Quebec. Similar to Alberta, the largest contributor of population in British Columbia and Quebec are international migration.  As the population is booming, real estate, residential construction, rental and leasing sectors also grow steadily.  
Constant
This term represents the trend of the dependent variables. From the regression results, some coefficients have the negative signs but they mainly have positive signs. A negative sign is a signal for the downturn in the source of revenue. It indicates that overtime, holding other factors constant, government collect less revenue.However, the negative signs are insignificant and only the positive signs are statistically significant in some provinces. In general, we can conclude that provinces collect more revenue overtime. Personal income tax and retail sales tax are two sources revenue that are significantly impacted. For personal income tax, the coefficients of Newfoundland and Labrador, Nova Scotia and Prince Edward Island are statisitcally significant and positive at 5% level, 1% level and 5% level respectively. For retail sales revenue, the coefficients of Quebec, Ontario and Manitoba are positive and significantly at 1% level, 10% level and 1% level respectively. Newfoundland and Labrador is the only oil rich province that is sinigficantly impacted. 
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In this study, I analyze the relationship between oil prices and six sources of revenue for the government budget in 10 provinces in Canada over the period of 1980 to 2017.
The effect of oil prices to the economy in Canada is still debatable because Canada has a diverse economy. Previous studies focused more on national impact rather than on provincial impact. Most studies concluded that higher oil prices will boost the Canadian economy (Dissou 2010). However, my paper analyzes data individually (province by province), because different provinces have different oil industry situation. Alberta and Saskatchewan are two major provinces that export oil in Canada, while almost all other provinces imports oil from Western Canada or internationally. 
 Carbone (2006) also examines the implications of a negative oil prices shock in Canada in general, Alberta and Ontario in specific. He concluded that all provinces are worse off from an oil price bust, the magnitudes and significance are different between oil producing and non oil producing provinces.
Similar to Carbone (2016), the results from this study suggest that all provincial provinces are better off due to higher oil prices.  Alberta receives the highest benefit from higher oil price, where natural resource revenue contributes the most to the budget. Among four oil rich provinces, Alberta and Saskatchewan are more sensitive to oil price shock than British Columbia and Newfoundland and Labrador. There is no empirical evidence shows that oil prices effects are statistically significant on six sources of revenue in Ontario and Quebec. 
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	Variable name
	Definition
	Mean
	S.D

	N&L

	P
	Average oil price
	51.11
	20.95

	Income
	Income tax
	1223.2
	415.81

	Corporate
	Corporate income tax
	42.25
	33.03

	Retail
	Retail tax
	1141.81
	28.55

	Federal
	Federal cash transfer
	413.14
	146.26

	Natural
	Natural resource
	118.03
	174.72

	Other
	Other own-source revenue
	192.89
	30.68

	Growth
	Average annual population growth rate (%)
	-0.2
	0.72

	Nova Scotia

	P
	Average oil price
	51.83
	20.98

	Income
	Income tax
	1378.85
	386.19

	Corporate
	Corporate income tax
	230.06
	112.41

	Retail
	Retail tax
	1136.11
	193.49

	Federal
	Federal cash transfer
	2195.4
	412.45

	Other
	Other own-source revenue
	1017.35
	454.19

	Growth
	Average annual population growth rate (%)
	0.31
	0 .34

	Prince Edward Island

	P
	Average oil price
	51.22
	20.49

	Income
	Income tax
	1170.29
	382.1

	Corporate
	Corporate income tax
	198.2
	91.41

	Retail
	Retail tax
	1046.63
	219.6

	Federal
	Federal cash transfer
	2996.88
	379.06

	Other
	Other own-source revenue
	1621.82
	242.37

	Growth
	Average annual population growth rate (%)
	0.56
	0.53

	New Brunswick

	P
	Average oil price
	49.29
	26.42

	Income
	Income tax
	1215.6
	276

	Corporate
	Corporate income tax
	213.44
	78.89

	Retail
	Retail tax
	1020.48
	195.08

	Federal
	Federal cash transfer
	2706.61
	452.43

	Other
	Other own-source revenue
	1915.316
	466.05

	Growth
	Average annual population growth rate (%)
	0.20
	-0.33

	Quebec

	P
	Average oil price
	52.4
	21.98

	Income
	Income tax
	2040.55
	148.41



	Corporate
	Corporate income tax
	945.02
	218.52

	Retail
	Retail tax
	1070.58
	1070.58

	Federal
	Federal cash transfer
	1362.94
	233.19

	Other
	Other own-source revenue
	797.55
	114.95

	Growth
	Average annual population growth rate (%)
	0.69
	0.25



	Ontario

	P
	Average oil price
	52.85
	22.12

	Income
	Income tax
	1555.4
	205

	Corporate
	Corporate income tax
	582.85
	165.18

	Retail
	Retail tax
	1072.5
	193.31

	Federal
	Federal cash transfer
	909.26
	283.29

	Other
	Other own-source revenue
	1596.55
	478.83

	Growth
	Average annual population growth rate (%)
	1.31
	0.40

	Manitoba

	P
	Average oil price
	53
	21.91

	Income
	Income tax
	1480.23
	326.46

	Corporate
	Corporate income tax
	224.89
	79.37

	Retail
	Retail tax
	890.15
	259.78

	Federal
	Federal cash transfer
	2074
	337.77

	Other
	Other own-source revenue
	1417.98
	229.14

	Growth
	Average annual population growth rate (%)
	0.67
	0.45

	Saskatchewan

	P
	Average oil price
	52.43
	21.24

	Income
	Income tax
	1360.66
	244.59

	Corporate
	Corporate income tax
	338.15
	212.98

	Retail
	Retail tax
	810.94
	158.99

	Federal
	Federal cash transfer
	1241.57
	276.27

	Natural
	Natural resources
	1256.05
	688.42

	Other
	Other own-source revenue
	1489.77
	633.02

	Growth
	Average annual population growth rate (%)
	0.51
	0.85

	Alberta

	P
	Average oil price
	51.81
	20.37

	Income
	Income tax
	1527.64
	326.35

	Corporate
	Corporate income tax
	639.68
	233.43

	Federal
	Federal cash transfer
	955.48
	231.26

	Natural
	Natural resources
	2103.03
	1100.79

	Other
	Other own-source revenue
	2581.24
	399.61

	Growth
	Average annual population growth rate (%)
	1.90
	0.98

	British Columbia

	P
	Average oil price
	52.57
	22.11

	Income
	Income tax
	1332.19
	172.36

	Corporate
	Corporate income tax
	324.55
	137.22

	Retail
	Retail tax
	892.38
	150.85

	Federal
	Federal cash transfer
	911.07
	201.25

	Natural
	Natural resources
	582.74
	185.72

	Other
	Other own-source revenue
	1742.39
	327.81

	Growth
	Average annual population growth rate (%)
	1.57
	0.82



	U.S. Variable
	Definition
	Mean
	S.D

	irate
	Real U.S. interest rate
	0.03
	0.02

	hpi
	Real U.S. housing price index
	135.32
	24.04


Note: Variables are measured in per capita 2002 Canadian dollar
S.D. = Standard deviation
The number of obeservations is 38


[bookmark: _Toc5627819][bookmark: _Toc7429456]Table 2: Effects of oil prices on six sources in Newfoundland and Labrador, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Natural
	Other

	Change in P
	1.66
	-0.29
	-0.59
	2.18
	2.4
	-0.52

	
	(1.6)
	(0.32)
	(1.29)
	(1.1)*
	(1.29)*
	(0.56)

	
Change in irate
	-1580.19
	-121.49
	-2727.54
	-196.7996
	-167.0905
	-434.599

	
	(1175.71)
	(233.96)
	(939.09)***
	(803.35)
	(936.89)
	(409.24)

	
Change in hpi
	1.33
	-0.23
	1.07
	0.03
	-1.62
	-0.07

	
	(2.02)
	(0.40)
	(1.62)
	(1.38)
	1.61
	(0.70)

	
Change in Growth
	11
	1.15
	26.95
	-8.56
	20.67
	-2.64

	
	(35.06)
	(6.98)
	(28.00)
	(23.95)
	27.94
	(12.2)

	
Constant
	35.67
	-0.09
	17.96
	-8.86
	10.24
	0.01

	
	  (15.79)**
	(3.14)
	(12.61)
	(10.79)
	(12.58)
	(5.5)

	
	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37
	37

	R- squared 
	0.18
	0.04
	0.28
	0.16
	0.19
	0.04

	White Test
	0.86
	0.31
	0.99
	0.87
	0.82
	0.98

	Dwatson
	2.13
	2.15
	1.76
	2.33
	2.41
	2.56

	Bgodfrey
	0.15
	0.60
	0.50
	0.25
	0.13
	0.05


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



[bookmark: _Toc5627820][bookmark: _Toc7429457]Table 3: Effects of oil prices on six sources in Nova Scotia, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Other

	Change in P
	-0.10
	-0.09
	-0.49
	4.65
	2.7

	
	(0.95)
	(0.47)
	(1.53)
	(2.41)*
	(3.16)

	
Change in irate
	79.07
	-41.82
	-1331.5
	7141.37
	257

	
	(686.62)
	(340.21)
	(1111.92)
	(1750.75)***
	(2291.64)

	
Change in hpi
	2.08
	2.20
	-0.17
	2.44
	1.15

	
	(1.19)*
	(0.59)***
	(1.93)
	(3.04)
	(3.98)

	
Change in Growth
	26.30
	14.14
	86.23
	-75.38
	-69.02

	
	(33.70)
	(16.7)
	(54.58)
	(85.94)
	(112.5)

	
Constant
	35.80
	4.07
	15.93
	27.59
	36.69

	
	(9.4)***
	(4.63)
	(15.12)
	(23.81)
	(31.17)

	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37

	R- squared 
	0.09
	0.31
	0.11
	0.35
	0.04

	White Test
	0.27
	0.25
	0.81
	0.08
	0.72

	Dwatson
	1.97
	2.01
	1.7
	1.67
	2

	Bgodfrey
	0.95
	0.94
	0.36
	0.3
	0.92


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


[bookmark: _Toc5627821][bookmark: _Toc7429458]Table 4: Effects of oil prices on six sources in Prince Edward Island, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Other

	Change in P
	-0.69
	-0.7
	0.94
	-2.05
	1.43

	
	(1.51)
	(0.9)
	(1.21)
	(4.11)
	(2.51)

	
Change in irate
	-318.19
	-471.29
	872.74
	1769.76
	2132.65

	
	(1146.76)
	(684.65)
	(917.08)
	(3117.85)
	(1904.38)

	
Change in hpi
	1.71
	1.43
	1.77
	2.34
	1.34

	
	(1.89)
	(1.13)
	(1.51)
	(5.13)
	(3.13)

	
Change in Growth
	7.08
	-13.81
	4.83
	36.25
	100.34

	
	(31.16)
	(18.61)
	(24.92)
	(84.72)
	(51.74)*

	
Constant
	32.13
	8.43
	21.48
	9.72
	8.23

	
	(14.57)**
	(8.7)
	(11.65)
	(39.61)
	(24.19)

	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37

	R- squared 
	0.04
	0.1
	0.06
	0.04
	0.11

	White Test
	0.08
	0.26
	1.0
	0.73
	0.94

	Dwatson
	2.93
	2.62
	1.78
	2.13
	2.63

	Bgodfrey
	0.00
	0.03
	0.42
	11.65
	0.05


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


[bookmark: _Toc5627822][bookmark: _Toc7429459]Table 5: Effects of oil prices on six sources in New Brunswick, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Other

	Change in P
	0.95
	-0.05
	1.88
	-1.25
	2.04

	
	(1.35)
	(1.35)
	(1.56)
	(4.06)
	(3.21)

	
Change in irate
	664.64
	488.05
	-1862.70
	3599.06
	-2310.73

	
	(1013.37)
	(1011.51)
	(1167.18)
	(3037.7)
	(2404.52)

	
Change in hpi
	2.3
	2.345
	-0.0832
	0.9404
	6.3186

	
	(1.75)
	(1.75)
	(2.02)
	(5.25)
	(4.15)

	
Change in Growth
	30.21
	49.2369
	64.5161
	-122.8611
	150.3825

	
	(52.79)
	(52.69)
	(60.80)
	(158.24)
	(125.26)

	
Constant
	22.4085
	2.2063
	26.3035
	37.9377
	23.5066

	
	(13.62)
	(13.59)
	(15.68)
	(40.82)
	(32.31)

	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37

	R- squared 
	0.06
	0.07
	0.23
	0.1
	0.17

	White Test
	0.77
	0.49
	0.94
	0.21
	0.31

	Dwatson
	2.0
	2.21
	2.0
	2.78
	3.04

	Bgodfrey
	0.83
	0.36
	0.75
	0.01
	0.00


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


[bookmark: _Toc5627823][bookmark: _Toc7429460]Table 6: Effects of oil prices on six sources in Quebec, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Other

	Change in P
	0.27
	0.43
	-0.41
	0.83
	0.68

	
	(1.7)
	(1.10)
	(0.86)
	(2.14)
	(1.82)

	
Change in irate
	-541.44
	507.43
	-1199.82
	1221.48
	2501.10

	
	(1299.21)
	(848.92)
	(657.96)*
	(1649.16)
	(1398.02)*

	
Change in hpi
	3.22
	2.17
	0.93
	0.01
	3.28

	
	(2.18)
	(1.43)
	(1.11)
	(2.77)
	(2.35)

	
Change in Growth
	-10.23
	119.3
	-5.78
	-78.6
	-41.88

	
	(99.41)
	(64.96)*
	(50.35)
	(21.97)
	(106.97)

	
Constant
	5.16
	16.24
	26.75
	11.78
	1.71

	
	(17.31)
	(11.31)
	(8.77)***
	(21.97)
	(18.63)

	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37

	R- squared 
	0.08
	0.15
	0.13
	0.03
	0.15

	White Test
	0.95
	0.06
	0.63
	0.43
	0.94

	Dwatson
	2.06
	1.58
	1.53
	2.52
	2.47

	Bgodfrey
	0.81
	0.42
	0.17
	0.08
	0.10


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


[bookmark: _Toc5627824][bookmark: _Toc7429461]Table 7: Effects of oil prices on six sources in Ontario, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Other

	Change in P
	0.27
	-1.92
	-1.11
	-0.67
	-2.03

	
	(1.68)
	(2.06)
	(0.84)
	(1.59)
	(4.28)

	
Change in irate
	278.97
	-926.30
	-425.06
	158.83
	-1055.77

	
	(1279.5)
	(1565.47)
	(638.10)
	(1.59)
	(1458.85)

	
Change in hpi
	3.00
	5.57
	0.81
	1.16
	1.5

	
	(2.19)
	(2.67)**
	(1.09)
	(2.07)
	(4.17)

	
Change in Growth
	34.98
	53.02
	78.84
	-15.73
	-26.62

	
	(60.23)
	(73.69)
	(30.04)**
	(57.05)
	(77.77)

	
Constant
	17.38
	-0.91
	15.34
	11.77
	37.18

	
	(17.29)
	(21.15)
	(8.62)*
	(16.38)
	(24.23)

	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37

	R- squared 
	0.07
	0.17
	0.24
	0.02
	0.03

	White Test
	0.03
	0.17
	0.63
	0.39
	0.01

	Dwatson
	1.72
	2.24
	1.68
	1.87
	2.54

	Bgodfrey
	0.59
	0.39
	0.27
	0.68
	0.06


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


[bookmark: _Toc5627825][bookmark: _Toc7429462]Table 8: Effects of oil prices on six sources in Manitoba, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Other

	Change in P
	-0.49
	1.48
	1.15
	1.32
	-0.69

	
	(1.87)
	(0.79)*
	(0.72)
	(3.41)
	(2.29)

	
Change in irate
	-1252.72
	-861.21
	-7.00
	-1410.6
	1832.27

	
	(1478.15)
	(670.23)
	(570.27)
	(2695.88)
	(1807.86)

	
Change in hpi
	0.24
	0.90
	0.48
	2.27
	1.32

	
	(2.53)
	(1.37)
	(0.98)
	(4.62)
	(3.1)

	
Change in Growth
	37.27
	23.17
	-30.41
	169.62
	-76.88

	
	(82.04)
	(58.88)
	(31.65)
	(149.63)
	(100.34)

	
Constant
	26.43
	2.23
	25.74
	1.58
	19.82

	
	(19.83)
	(10.46)
	(7.65)***
	(36.16)
	(24.25)

	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37

	R- squared 
	0.02
	0.15
	0.15
	0.05
	0.07

	White Test
	0.97
	0.63
	0.43
	0.12
	0.24

	Dwatson
	2.41
	2.04
	1.53
	2.61
	2.34

	Bgodfrey
	0.12
	0.85
	0.14
	0.05
	0.27


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


[bookmark: _Toc5627826][bookmark: _Toc7429463]Table 9: Effects of oil prices on six sources in Saskatchewan, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Natural
	Other

	Change in P
	-0.21
	-0.98
	3.23
	-4.29
	35.65
	5.22

	
	(2.33)
	(1.91)
	(1.72)*
	(4.28)
	(5.90)***
	(4.22)

	
Change in irate
	2284.81
	828.05
	-547.01
	-3719.05
	-2713.84
	4600.5

	
	(1720.26)
	(1408.28)
	(1273.81)
	(3163.61)
	(4359.58)
	(3118.01)

	
Change in hpi
	1.74
	1.90
	0.33
	3.94
	-4.05
	-4.29

	
	(3.15)
	(2.58)
	(2.33)
	(5.79)
	(7.98)
	(5.71)

	
Change in Growth
	48.64
	35.11
	-49.06
	36.25
	136.97
	-212.99

	
	(61.28)
	(50.16)
	(45.37)
	(112.67)
	(155.29)
	(111.06)

	
Constant
	9.65
	-2.9687
	20.87
	0.02
	30.00
	61.65

	
	(23.28)
	(19.06)
	(17.24)
	(42.81)
	(58.99)
	(42.19)

	
	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37
	37

	R- squared 
	0.1
	0.08
	0.19
	0.06
	0.65
	0.14

	White Test
	0.78
	0.07
	1.0
	0.57
	0.00
	0.09

	Dwatson
	1.76
	2.09
	1.53
	2.6
	2.32
	2.82

	Bgodfrey
	0.68
	0.55
	0.58
	0.04
	0.29
	0.01


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






[bookmark: _Toc5627827][bookmark: _Toc7429464]Table 10: Effects of oil prices on six sources in Alberta, 1980 – 2017
	 
	Income
	Corporate
	Federal 
	Natural
	Other

	Change in P
	0.39
	6.31
	1.29
	57.07
	2.99

	
	(3.13)
	(2.15)***
	(2.64)
	(7.99)***
	(6.07)

	
Change in irate
	1788.63
	4599.3
	2371.80
	4934.60
	16740.07

	
	(2266.66)
	(1556.94)***
	(1908.49)
	(5783.11)
	(4392.46)***

	
Change in hpi
	0.40
	1.45
	1.05
	20.55
	9.61

	
	(3.93)
	(2.70)
	(3.31)
	(10.04)**
	(7.62)

	
Change in Growth
	90.94
	36.22
	-41.36
	-280.465
	48.1752

	
	(46.02)*
	(31.61)
	(38.75)
	117.4166**
	89.1818

	
Constant
	30.30
	11.09
	9.22
	-86.46
	17.91

	
	(30.99)
	(21.29)
	(26.1)
	(79.07)
	(60.06)

	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37

	R- squared 
	0.13
	0.29
	0.08
	0.68
	0.36

	White Test
	0.68
	0.14
	0.58
	0.99
	0.08

	Dwatson
	2.37
	2.42
	2.45
	2.62
	2.22

	Bgodfrey
	0.24
	0.13
	0.10
	0.05
	0.21


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


[bookmark: _Toc5627828][bookmark: _Toc7429465]Table 11: Effects of oil prices on six sources in British Columbia, 1980 – 2017
	 
	Income
	Corporate
	Retail
	Federal
	Natural
	Other

	Change in P
	-0.07
	2.62
	-0.60
	0.23
	4.28
	-1.84

	
	(1.98)
	(1.79)
	(1.14)
	(1.65)
	 (1.86)**
	(3.36)

	
Change in irate
	-204.8
	-1882.82
	-345.61
	161.00
	-957.34
	3503.08

	
	(1512.58)
	(1577.11)
	(869.69)
	(1263.05)
	(1426.19)
	(2573.45)

	
Change in hpi
	3.77
	0.35
	0.42
	5.00
	5.03
	3.7

	
	(2.56)
	(2.48)
	(1.47)
	(2.14)**
	(2.41)**
	(4.35)

	
Change in Growth
	81.18
	70.52
	33.15
	-60.31
	11.30
	104

	
	(50.56)
	(41.03)*
	29.07
	42.22
	47.67
	86.02

	
Constant
	9.19
	16.03
	16.03
	0.55
	-7.89
	30.65

	
	(20.29)
	(15.79)
	(11.67)
	(16.95)
	(19.13)
	(34.53)

	
	
	
	
	
	
	

	
Observations
	37
	37
	37
	37
	37
	37

	R- squared 
	0.15
	0.37
	0.06
	0.18
	0.33
	0.14

	White Test
	0.37
	0.03
	0.01
	0.93
	0.75
	0.92

	Dwatson
	1.68
	2.38
	2.31
	2.06
	2.04
	3.00

	Bgodfrey
	0.64
	0.07
	0.12
	0.73
	0.74
	0.00


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




[bookmark: _Toc5627829][bookmark: _Toc7429466]Figure 1: U.S Imports from Canada of Crude Oil and Petroleum Products (Thousand Barrels/ month)
[image: ../../../../../Desktop/Paper/table%201.png]
Source: U.S. Energy Information Administration

[bookmark: _Toc5627830][bookmark: _Toc7429467]Figure 2: Top 10 Largest Oil Producers and Share of Total World Oil Production in 2017
[image: ../../../../../Desktop/Screen%20Shot%202019-03-29%20at%203.42.04%]
Source: U.S. Energy Information Administration


[bookmark: _Toc5627831][bookmark: _Toc7429468]Figure 3: U.S Retail Gasoline Price and WTI Oil Price
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[bookmark: _Toc5627832][bookmark: _Toc7429469]Figure 4: Crushing, OK WTI Spot Price FOB since 1986
[image: Screen%20Shot%202019-03-12%20at%2011.32.05%20PM.png]
Source: U.S. Energy Information Administration
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Country Million barrels per day Share of world total

United States 15.65 16%
Saudi Arabia 12.09 12%
Russia 11.21 1%
Canada 4.96 5%
China 4.78 5%
Iran 4.69 5%
Iraq 4.45 5%
United Arab Emirates 3.72 4%
Brazil 3.36 3%
Kuwait 2.82 3%
Total top 10 52.10 53%
World total 98.06

1 Oilincludes crude oil, all other petroleum liquids, and biofuels.

2 production includes domestic production of crude oil, all other petroleum liquids, biofuels, and refinery processing gain.
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