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Abstract 

Oil has a Physical nature and also it is traded as financial asset in 

the financial markets.so different factors have effects on the Crude 

oil spot & future prices and these factors make this analysis very 

hard. 

The main aim of this paper is to study the relationship between Spot & 

future price and also impact of the reserves & basic risk effect on 

those prices. 

For this study we use the monthly time series data of spot & future 

price of West Texas 

Intermediate (WTI) crude oil ,USA crude oil reserves & Basic risk 

between the Jan.1990 to Dec.2012. 

Due to existence of Unpredictable Volatility & also Uncertainty in our 

variables, we use ARCH family models. 

Results imply that there is positive & significant relationship 

between Spot & future prices. 

Also the basic risk changes can affect the future & spot prices. 

The American reserves of crude oil have negative effect on Spot 

Prices. 
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Introduction & literature review 

 

Oil is a vital source of energy for the world and will likely remain 

so for many decades to come, even under the most optimistic 

assumptions about the growth in alternative energy sources. Most 

countries are significantly affected by developments in the oil 

market, either as producers, consumers, or both. In 2008, oil provided 

about 34% of the world’s energy needs, and in the future, oil is 

expected to continue to provide a leading component of the world’s 

energy mix. 

 

The International Energy Agency (IEA) projects that oil will provide 

30% of the world’s energy mix in 2030. In the United States and Canada 

about 2/3 of oil is used for transportation. In most of the rest of 

the world, oil is more commonly used for space heating and power 

generation than for transportation. Oil is a key product for the 

world’s agriculture industry, which helps feed the world’s population 

of more than six billion. 
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Future & spot contracts of crude oil are become very popular nowdays 

and they used so much in the trading of crude oil. 

 

So investigate the relationship between these two prices plays very 

important role in energy economic studies. 

 

There are different factors that can be effect the Market of crude 

oil. 

 

But according to previous studies,the most imporatnt ones are the 

commercial reserves of crude oil and also the basic risk that can be 

computed based on the financial market. 

 

In the most of previous studies they investigate about the causality 

using VAR1 or VECM2 models but my idea is to use ARCH family models as 

we have high level of volatility & uncertainty in the oil market 

specially in the spot & future prices as can see this high rate of 

volatility in the below graphs. 

 

 
 

Ates & George H. K.,3examine the role of fundamentals in inter-temporal 

pricing relations in natural gas and heating oil spot and futures 

markets. Using non-linear error correction models with bivariate GARCH 

error process, it is found that fundamentals are the partial sources 

of variation in price changes in both markets. Extreme cold weather 

and inventory surprises affect the variation in basis, spot and 

futures price changes. 

 

Furthermore, the conditional volatility of natural gas and heating oil 

spot and futures markets are higher in winter and lower in summer 

months. The conditional correlations between spot and futures markets 

are lower in winter and higher in summer months. 

 

Their results are consistent with the implications from the theory of 

storage. 

                                                           
1
 Vector Autoregressive Model 

2
 Vector Error Correction Model 

3
 Price Dynamics in Energy Spot and Futures Markets: The Role of Inventory and 

Weather, Ates , Aysegul and Wang, George H. K. (2007) 
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Steve Ohana4 at his study about the price volatility in oil and natural 

gas market.his result indicate that The role of inventory is 

explaining the shape of the forward curve and spot price volatility in 

commodity markets. 

 

Also he found that the slope of the forward curve can be used as a 

proxy for inventory in the case of oil and natural gas. 

 

Maria Caporale5, she investigated the role of crude oil spot and 

futures prices in the process of price discovery by using a cost-of-

carry model. 

 

They provide evidence that futures markets play a more important role 

than spot markets in the case of contracts with shorter maturities, 

but the relative contribution of the two types of market turns out to 

be highly unstable, especially for the most deferred contracts. The 

implications of these results for hedging and forecasting crude oil 

spot prices are also discussed. 

 

Data & Methodology 

 

We used the Monthly Spot & future prices of WTI crude oil from 

Jan.1990 to Dec.2012 that gathered from Energy Information 

Administration – EIA; also I used the data of the American commercial 

WTI crude oil from EIA. 

 

And in order to Basic risk we used the 3-Month American Treasury bill 

Rate, Auction Average (Discounted Series) 

 

Used Variable in this Model 

DLSPOT(C) Spot Prices of FOB6 WTI Crude Oil $/barrel  

DLFUTRE(F) 1-Monthly(Contract1)FOB future prices of WTI crude Oil 

$/barrel 

DSTOCK(inv) Commercial Reserves of WTI Crude Oil(Thousand Barrels) 

DBASİS 3-Month Treasury Bill Rate: Auction Average (Discounted 

Series) 

 

We used the Eviews7 software in order to do the tests and for run the 

model. 

 

We use below two models to investigate the relationship between these 

variables: 

 

 

 
 

As we can seen,these two models are very simillar. 

                                                           
4
 Forward curves, scarcity and price volatility in oil and natural gas markets, 

Steve Ohana(2009) 
5
 Time-Varying Spot and Futures Oil Prices Dynamics, Maria Caporale(2010) 

6
 Free on board 
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In the fisrt one we define the spot prices as the dependent variable 

and in the second Future price as dependent variable. 

 

At begining we should check the Unit root test absed on Augmented 

Dickey-Fuller test as well as Correlogram for all variables.(see the 

appendix for result.) 

 

We can see that the variables has unit root at level or in the other 

words they are non-stationary but with one lag they will be 

stationary(as the calculated ADF shown below) 

 

 DLSPOT DLFUTURE DSTOCK DBASIS 

ADF test 

statistic 

-12.20913 -12.15599 -14.11966 -5.520553 

Critical Value 

at 1% 

-3.454263 -3.454263 -3.454263 -3.454263 

Critical Value 

at 5% 

-2.871961 -2.871961 -2.871961 -2.871961 

Critical Value 

at 10% 

-2.572396 -2.572396 -2.572396 -2.572396 

Source:calculations of the author 

 

And then we should check the lag criteria based on Schwars(sc) or 

Akaike(AIC) for all variables in order to find the optimal lag. 

 

Firstly use OLS to estimate these equation but since there is serial 

correlation problem as we can test by Breusch-Godfrey Serial 

Correlation LM Test(as shown in below), so i add AR model in order to 

solve this problem. 

 

Breusch –Godfrey LM Test for Spot Prices before removal serial 

correlation Problem 

 

F-Statistic 13.84272 Prob. 0.0000 

Obs*R-Squared 26.17594 Prob. 0.0000 

Source:calculations of the author 

 

Breusch –Godfrey LM Test for future Prices before removal serial 

correlation Problem 

 

F-Statistic 13.91048 Prob. 0.0000 

Obs*R-Squared 26.29170 Prob. 0.0000 

Source:calculations of the author 

 

Breusch –Godfrey LM Test for Spot Prices after removal serial 

correlation Problem 

 

F-Statistic 2.794441 Prob. 0.0631 

Obs*R-Squared 5.815651 Prob. 0.0546 

Source:calculations of the author 

 

Breusch –Godfrey LM Test for future Prices after removal serial 

correlation Problem 

F-Statistic 2.671583 Prob. 0.0711 

Obs*R-Squared 5.565294 Prob. 0.0619 

Source:calculations of the author 
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Then also check ARCH effect in the OLS residual and since there is 

arch effect so we try to use ARCH/GARCH models in next step that can 

be defined as: 

 

AutoRegressive Conditional Heteroskedasticity or ARCH(q): 

 
generalized autoregressive conditional heteroskedasticity or 

GARCH(p,q): 

 
In order to ACF & PCAF,then we can use the GARCH(1,1),GARCH(0,1) & 

ARCH(1)or maybe TARCH(1,1,1). 

 

So we try all of them and at the end i should compare them with 

respect to Log-Likehihood(the model with biggest Log-Likelihood is the 

best). 

 

Also we check TARCH model,this model is a asymetric model. 

 

But since the corresponding coefficient is insignificant  so it seems 

that the TARCH(1,1,1) can’t be a proper model. 

 

The results of the all ARCH family models for spot prices(first model) 

are summarized in the table as we can see in the following: 

 

 GARCH(1,1) GARCH(0,1) ARCH(1) 

Dlspot(-1) -0.443454 -0.389653 0.103014 

dlfuture 1.007748 1.007396 1.010044 

Dlfuture(-1) 0.439062 0.386092 -0.10646 

dstock -5.37E-08 -5.49E-08 -3.21E-

08 

dbasis -0.003585 -0.003626 -0.00227 

Dbasis(-1) 0.003876 0.003743 0.002858 

R-squared 0.997956 0.997980 0.997833 

Log-

likelihood 

1131.308 1131.075 1144.587 

Source:calculations of the author 

 

Afetr that we run the ARCH family model we should recheck the ARCH 

Heteroskedasticity Test to see that is the ARCH effect still remain in 

the residuals or not(as shown in below): 
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Results of ARCH LM Test for residuals ARCH(1) model for SPOT prices 

 

F-Statistic 0.053749 Prob. 0.8168 

Obs*R-Squared 0.054145 Prob. 0.8160 

Source:calculations of the author 

 

Results of ARCH LM Test for residuals ARCH(1) model for FUTURE prices 

 

F-Statistic 0.118240 Prob. 0.7312 

Obs*R-Squared 0.119082 Prob. 0.7300 

Source:calculations of the author 

 

Results 

 

Results of the eviews 7 software implies that the ARCH(1) is the best 

model since the corresponding log Likelihood is highest in both Models 

for Spot & Future. 

 

Also we can say that GARCH(1,1) can’t be the good model since GARCH 

corresponding coefficient in Variance equation(as shown in the 

appendix) is insignificant in both Spot & Future Prices Models. 

 

We can see the coefficient of the previous variance in GARCH(1,1) 

Model which shows the persistency too is 0.81 that is very high or we 

can say the shocks in this model are very persistent. 

 

The approximate 99% of R-Squared level which is very high shows that 

the model fits nicely. 

 

And since the Durbin-Watson stat is close to 2 that shows there isn’t 

serial correlation problem in the model. 

 

According to the coeeficients of ARCH(1) model we can see that there 

is Positive & Significant relationship between Spot and future prices 

in both models. 

 

The Reserves amount of Crude Oil has negative effect on Spot  prices 

and that is consistent with the basic theories in Economics. 

 

Also there is negative relationship between basic risk & spot 

prices,about the reason of this effect we can say When Basic Risk 

decreases,then uncertaintly in the market decreases and it causes an 

increase in the level of crude oil demand in the market then Spot 

prices increases consequently. 
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Appendix for the software results 
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Lag Criteria for DLSPOT 
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Lag Criteria for DLFUTURE 

 
Lag Criteria for Dstock 



Mehrabirad-Sadeghimojarad, 579-599 

 

9th MIBES INTERNATIONAL CONFERENCE-POSTER      30/5-1/6 2014      590 

 

 
Lag Criteria for Dbasis 

 
OLS for Spot Price 
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Serial Correlation LM Test 

 
Heteroskedasticity Test 
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Residuals of OLS Model 

 
After Remove Serial Correlation 
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GARCH(1,1) for Spot 

 
Heteroskedasticity Test 
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Normality Test 

 
Dynamic forecasting 
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Volatility 

 
GARCH(0,1) for SPOTS 
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ARCH(1) for Spot 
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Heteroskedasticity Test 
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Residuals 

 
Correlogram of Residuals Squared 
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Test for assymetric data: TARCH (1,1,1) 

 
 

 

 


