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Abstract 

As a major energy resource and a crucial cost factor for various businesses, oil price 

fluctuations can cause significant impact on the economy when facing uncertainty and 

unexpected price jumps. This research provides insights to the oil price dynamics and their 

implications in the real economy. Specifically, when facing a demand shock or a supply shock, 

the direction of the price movement is intuitive to understand, but the magnitude and the length 

of the effects could be harder to predict. The goal of this research is to measure the differences in 

price movements between front month and further month futures contracts after a major event 

occurs and examine any observable pattern in futures prices.  
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1. Introduction 

Background on the Crude Oil Market Dynamics and Research Objective 

Crude oil, also known as petroleum, accounts for over 30% percent of world energy 

consumption. Crude oil futures is also one of the most frequently traded commodities in the 

world. Traders use crude oil futures contracts when they want to lock in a buying or selling price 

of crude oil in the future. The futures contracts rather than crude oil are also traded more 

frequently when traders see financial exploitation opportunities or they want to use crude oil 

futures contracts as their hedge to their existing positions. Besides a trader’s individual intention 

to trade crude oil futures contracts, many other economic, political and social factors could all 

influence its price, causing it to be volatile, exciting so that it plays a huge role in the financial 

market. This study aims to understand the dynamics between front month futures price and back 

month futures prices when facing supply shocks coming from the weekly storage report.  

Research questions 

How are the weekly storage reports influence the price movements of futures prices in 

different time frames? Is there a lead-lag relationship between the front month futures prices and 

back month futures prices when there is a stock change? Does crude oil futures price also react to 

the stock change in gasoline production, distillate fuel production and other indicators the same 

way as it react to crude oil stock change? 

Significance of study 

The analysis provides useful insights for investors and businesses whose activities are 

exposed to the oil market to better understand and predict the behavior of oil prices when the 



 

weekly storage report is released. This paper also helps to understand the movement of oil prices 

when facing various situations of supply shock in general. 

Research Structure 

This paper is divided into five sections. The first section contains the background of the 

study, research objective, research question, and the significance of study. The second section 

summarizes the literature review that have built the foundation for this research and ensures that 

this study is directed to the correct path including critical insights discovered by previous 

researchers. The third section introduces the data collection process and the methodology used to 

analyze the data. The fourth section presents the analysis of the data and the results. The final 

section contains the research’s findings and implications, limitation to the research, and 

recommendation to future research.  

 

 

 

 

 

 

 

 

 

 

 



 

2. Literature Review 

This paper is inspired by three categories of existing literature on the crude oil market, 

each provides different foundations and helps narrowing down my research. The first group of 

literature analyzes the reasons behind crude oil price movements in the history, mainly the 

change in demand and supply, business cycle, financial speculations and political instability. For 

example, Christiane Baumeister and Lutz Killian summarize a holistic overview of the oil price 

history. They analyze the history of large oil price movements and explain the economic and 

political events behind the drive. They also conclude that among the four perspectives to value 

the price of crude oil:  political, economic, financial and consumer, the economic perspective is 

more accurate than the others in terms of predicting large price movement, while the other three 

perspectives have roughly the same predictions. (Killian & Baumeister, 2016) 

In another study, Christiane Baumeister and James Hamilton work together on studying 

the role of oil supply and demand shocks using structural interpretation. They provide a great 

framework to discover the differences of supply shock and demand shock on the prices of crude 

oil using the Bayesian model. Baumeister and Hamilton use a 3-variable description of the global 

oil market: 1. The quantity of oil produced using the growth rate of monthly world crude oil 

production; 2. A measure of real economic activity represented by the cost of international 

shipping deflated by the U.S. CPI; and 3. The real price of oil which is calculated from the log 

difference between the refiner acquisition cost of crude oil imports and the U.S. CPI. Using this 

model, Baumeister and Hamilton find that the increase in oil price that result from supply shocks 

normally have a significant lag, whereas the increase in oil price that result from increase in 

demand do not have a significant effect on economic activity. It is interesting to discover the 



 

magnitude and length of this lag for further research. (Baumeister & Hamilton, 2017) This first 

group of studies helps me pinpoint the focus of this research on supply shock. With different 

influences on the oil market, the quantity of oil produced is a constantly important factor 

affecting the price of crude oil.  

The second group of researches spurs the interest in the financial side of crude oil market. 

Crude oil futures contracts are not only used by businesses who heavily relied on oil but also 

financial speculators as a frequently traded commodity. In particular, there are two sides of 

opinions whether these financial activities are reflected in the price of crude oil futures or not. 

Paul Davidson points out that political unrest, economic decisions and natural disasters 

could all cause the instability of the crude oil market perspectives. Further, the huge volatility in 

crude oil price, often lead to financial speculation that exacerbates the drastic jumps. (Davidson, 

2008) Robert K. Kaufmann also notes that the increasing speculation is another key factor other 

than the fundamentals of supply and demand, that causes the price changes in recent times. 

(Kaufmann, 2011) However, there are also voices against the significance of speculation on the 

crude oil price. James D. Hamilton claimed in several of his studies that the supply and demand 

should be considered as the main oil price influencer and the speculation activity plays little role. 

(Hamilton, 2009 & 2014) 

Isabel Vansteenkiste researches on the financial manipulators’ impacts on crude oil 

futures prices. She distinguishes the activities between commercial traders and non-commercial 

traders. By studying the trading activities between 1992-2011, she found that when fundamental 

volatility is high, future demand is uncertain, and the oil price deviation from the fundamental is 



 

small, commercial traders will lead the market. However, non-commercial traders enter the 

market when there is a large shock to the oil spot price. (Vansteenkiste, 2011) 

The final group of research studies focuses on the relationship between crude oil spot 

prices and crude oil futures prices. Researchers have identified a potential lead-lag relationship, 

indicating that in some occasions, the behaviors of the crude oil futures contract might predict 

the behaviors of the crude oil spot prices. (Zavadska, Morales & Coughlan, 2018)  Existing 

studies have been successful comparing long-term and short-term periods of activity to study the 

difference in the lead-lag relationship. Using monthly and quarterly data of the WTI crude oil 

spot and futures prices, Yudong Wang and Chongfeng Wu applied a multi-frequency analysis, 

only passing signals with lower frequency than selected cut-off frequencies. Their result shows 

that in the short term(i.e. using higher frequency data, such as weekly and daily), futures prices 

are better indicators than spot prices. Whereas in the long term (i.e. using lower frequency data, 

such as monthly and quarterly), spot and futures prices have a bidirectional cointegration 

relationship and both contribute to the price dynamics of the crude oil market. (Wang & Wu, 

2013) The lead-lag relationship in the short term is further studied and scholars have used a 

variety of statistical methods. Despite some diverging opinions, the majority treated futures 

prices as a leading variable of spot prices. At times of extreme uncertainty such as financial 

crises, futures markets dominate the spot markets due to high volumes of financial speculation in 

derivative markets. The chart below summarizes significant researches in this topic and their 

results. 



 

 

(Summarized by Zavadska, Miroslava & Morales, Lucía & Coughlan, Joseph. 2018) 

Since there are already a lot of research exploring the lead-lag relationship between spot 

and futures prices, this paper will further explore the relationship between front month futures 

prices and back month futures prices and focus exclusively on their reactions to supply shocks 

caused by storage change. The goal is to add new insight by observing how the trend and price 

spread change between front month contracts and back month contracts which has not been 

researched on before. 

 

 

 

 

 

 

 

 

 

 



 

3. Research Methodology 

Data Sources  

The study covers the period from 2018 January to 2019 May, with a total of 68 weeks of 

effective data with various information about the crude oil storage quantity and crude oil futures 

prices. The data are then cleaned and processed in both Excel and Jupyter Notebooks using 

Python.  

There are mainly two types of data used in this research: crude oil weekly storage and 

crude oil futures prices. The U.S. Energy Information Administration (EIA) releases a weekly 

petroleum storage report on Wednesdays at 9:30 a.m. central time. It keeps track of the storage 

status on last Friday. On the petroleum stock side, the data used in this research from the report 

includes the Weekly U.S. Ending Stocks of Crude Oil, Weekly U.S. Ending Stocks Excluding 

SPR of Crude Oil, Weekly U.S. Ending Stocks of Total Gasoline, and Weekly U.S. Ending 

Stocks of Distillate Fuel Oil. These data are measured using “Thousand Barrels” as their units. 

On the petroleum supply side, the research covers Weekly U.S. Crude Oil Stock Change, Weekly 

U.S. Crude Oil Stock Change Excluding SPR, and Weekly U.S. Net Imports of Total Petroleum 

Products. These data used the “Thousand Barrels per Day” as the unit. 

The crude oil futures prices used in this paper are extracted from Interactive Broker using 

a pythonic API, developed by @blampe, to download historical trading data. The prices of the 

front month futures used in this paper are the actively traded months prior to the closest 

expiration dates, and the back month futures are the futures that expired in the succeeding month. 

Therefore, for each active futures, this research extracts its trading data 60 days prior to its 

estimated rollover days, with the first 30 days representing the back month futures and the 



 

second 30 days closer representing the front month futures. The futures prices are extracted 

every 15 minutes with information of the open price, close price, highest price, lowest price and 

trading volume. The study choses to use the close price to represent the price of the crude oil in 

that timeframe. Another common methodology is to use the midpoint between lowest price and 

highest price during that time frame. However, since crude oil price could fluctuate a lot during a 

15 minutes time frame, the first method is more accurate if we want the price in the very last 

minute. 

Methodology -- Data Segregation  

In order to study the relationship between crude oil storage quantity and its futures price, 

the first part of the research adopts a segregational correlation analysis based on time and 

magnitude to study the front month futures’ price reaction to the release of the report. Since the 

active trade time of crude oil is Monday to Friday from 8:00 a.m. to 13:30 p.m. Central Time, 

and Wednesday, the report release day is the major focus in this study,  multiple time segments 

are divided throughout the active trading time on Wednesday to capture the different price 

behaviors.  

The second segregation method ranks the weekly stock change according to their 

magnitudes, divides the ranked data into three sections, and runs a similar correlation analysis. 

The goal is to test whether the magnitude of oil storage change would affect the price in different 

time frequencies.  

Finally, the research compares the price change in front month futures and back month 

futures by running a correlation analysis between the difference of the two contracts and the 



 

weekly stock change. The goal is to explore whether the impact of storage change is stronger or 

weaker on the back month futures when there is more time leniency.  

Methodology --- Lasso Regression 

One problem that the research tries to explore is what are the most significant factors that 

people need to look at in the weekly EIA report. The EIA report includes more detailed 

information about changes in different types and grades of petroleum, changes in net exports, 

changes in domestic production, and etc. People with little knowledge of petroleum might easily 

get lost at the amount of information contained in the report. By using lasso regression, the last 

part of the research aims to filter out what are the most important factors that people need to 

concern about in the report. 

Lasso regression is a linear regression plus a level 1 restriction on the size of the 

coefficients. It is commonly used when there are too many factors in a model and when these 

factors are highly correlated. The formula for lasso regression is exhibited below. By choosing 

the level of restriction to be enforced on the regression, i.e. lambda, the regression is able to limit 

or allow more factors to be included in the model. When lambda is high, the model forces more 

coefficients of the factors to be zero, therefore eliminating more unnecessary factors. The 

downside is that while lambda is high, the model will also lose its fitness and result in random 

fit. When the lambda is low, it will more resemble a linear regression. In fact, when lambda 

equals to zero, the model will work as a linear regression. Therefore, lambda at various levels are 

all tested to find out the best lambda that results in higher model fitness or R-Squared and at the 

same time, restricts the number of factors.  



 

 

The relevant factors or the predictor variables that are fed into the lasso regression are 

pre-release price percentage delta, 15 minutes after release price percentage delta, 30 minutes 

after release price percentage delta, 1 hour after release price percentage delta, weekly stock 

change, weekly stock change excluding strategic petroleum reserve, weekly net exports change, 

weekly domestic production change, weekly gasoline change, and weekly distilled gas change. 

The responsive variable is percentage change in price from 1 hour after the release to the end of 

the day. The purpose is to predict price movement of crude oil futures after selected information 

regarding the crude oil stock change and market’s preliminary reactions set in.  

 

 

 

 

 

 

 

 

 

 

 

 



 

4. Data Analysis 

4.1 Segregation by Time  

To examine how does the weekly report announcement affect the crude oil price in 

different time durations, the following time segments are selected to calculate the percentage 

change in price: 

a.  Pre-release (8:00 a.m. to 9:30 a.m.) captures the time movement before the 

announcement. In addition to the current market outlook, it also represents the the 

market’s prediction to the weekly storage announcement since speculators who 

predicts a surplus in petroleum storage would sell the futures and drive down the 

price.  

b. 15-minutes-after (9:30 a.m. to 9:45 a.m.) represents the immediate market 

reaction following the release. It is most likely that the price changes in this time 

frame directly reflects the information coming from the report. 

c. 30-minutes-after (9:30 a.m. to 10:00 a.m.) allows additional time and 

information to sink in. 

d. 1-hour-after (9:30 a.m. to 10:30 a.m.) is used to compare with 15-minutes-after 

and 30-minutes-after to see if the momentum continues or it stabilizes. It is also 

used to determine which short-term timeframe could better represent people’s 

short term reactions.  

e. After-release (10:30 a.m. to 13:30 p.m.) captures the price change during the rest 

of the day. This data contains the most dynamic information about the report, 



 

including not only other information, the information about the report, and also 

reactions to the reactions of the report.  

Note that price changes in longer durations than intradays movements are not studied in 

this research since there are too much noise and additional information throughout the week. In 

addition, 15-minutes-after, 30-minutes-after, and 1-hour-after will have overlapped information 

since they all start at 9:30 a.m. to compare reaction towards the report. 

The correlation between the weekly stock change and these different price movements 

are shown below (Table 1). The Pre-release Price Delta, and Price Delta after One Hour of 

Release all have a negative correlation with the Weekly Stock Change. This reflects the general 

behaviour of supply and demand. When the storage is announced to be more than the previous 

week, it represents an increase in supply, therefore driving the price downward. Whereas a 

decrease in supply causes the price to move to the opposite direction to increase. It seems like 

that price movements during one hour after the release are consistent. 

 

 

(Table 1. Correlation Analysis When Segregating by Time) 

 

 



 

4.2 Segregation by Magnitude 

 The third analysis segregates the data by first taking the absolute value of the weekly 

stock change and ranking them from the smallest to the largest number. Then, the data is 

separated into three different sections and similar correlation matrix is run for each section. The 

goal is to determine whether the magnitude of the weekly stock change will affect the price 

differently. The hypothesis is that the smaller the magnitude, the little the impact it will have on 

the futures price.  

The result shown below (table 2) aligns with the hypothesis. The lowest third of the data 

shows very little correlation between storage change and price movements. The data in this 

section has an average weekly storage change of 246.773 thousand barrels per day and at this 

level, it is insignificant to move the futures price. Both the middle third and largest third of the 

data set result in significant negative correlation between the weekly stock change and price 

movements during one hour after the release of the report.  

However, these two higher magnitude sections differ in the price movement changes after 

the release. The middle section of the magnitude has an average weekly storage change of 

607.318 thousand barrels per day and the price change during the rest of the day has a smaller 

correlation with the storage change. Whereas in the largest third of the dataset, i.e. the stock 

changes most drastically, the the storage change has a high positive correlation with the price 

change from one hour after the release until the rest of the day at 0.55. However, the storage 

change has a high negative correlation with the price movement during one hour after the release 

at -0.44. This means that when the weekly stock change is at an average of 1063.727 thousand 

barrels per day, and on the higher range of stock change, the daily price movement experiences a 



 

mean reversion behavior. The futures price tends to react directly to the report during the first 

hour after the release, but the price will come back and move in the opposite direction as more 

information settles in. Speculators might think the large price movements as an overreaction to 

the news and bet that the price will come back to its average level. 

                                                            Lowest ⅓                Middle ⅓               Largest 1/3 

        

     (Table 2 Correlation Analysis with 3 levels of Stock Change Magnitude) 

4.3 Change in the Front and Back Month Spread 

Since the front month and back month futures are one-month apart in their expiration 

times, their prices are always different due to a difference in their time values. This part of the 

research tries to examine whether the gap or spread between the two futures prices will be 

influenced by the weekly stock change. The result shows that the the price movement in the hour 

before the release has very little correlation with the weekly stock change (Table 3). However, 

all of the price changes after the release have a negative correlation with the weekly stock 

change. The directional relationship between one hour after and one day after the release become 

the same. Since the difference is calculated using the front month price subtracting the back 

month price, when the weekly stock change increases, the price spread becomes smaller since the 

price of front month futures will decrease more than that of the back month futures. Whereas 



 

when the weekly stock change decreases, the price spread becomes larger since the price of front 

month futures will increase more than the price of back month futures, resulting in a larger 

spread.  

This observation tells us that the back month futures reacts less to the storage change 

information than the front month futures since the back month futures has more time leniency 

and allows higher potential volatility in the futures. So back month futures prices fluctuate less 

than front month futures prices when the market receives new information regarding the 

petroleum stock change. 

 

(Table 3. Correlation Analysis between Front Month and Back Month Spread and 
Weekly Stock Changes) 

4.4 Lasso Regression  

The EIA report contains many detailed indicators that might make people who do not 

have too much knowledge of the petroleum industry not know where to focus on. In this part of 

the research, I try to explore which factors are most relevant in explaining the crude oil price 

movement during the rest of active trading time 1 hour after the release of the report. By running 

a lasso regression and optimizing the lambda to be equal to 0.01, I found that five of the ten 



 

indicators are forced into zero as shown in Table 4.  

Looking at the indicators related to previous prices, it makes sense that the model forces 

out 15 minutes price change and 30 minutes price change since they are highly correlated with 

the one hour price change. In addition, one hour price change contains more information than the 

previous two shorter times, so it is relevant.  

Since the unit for stock changes are all in thousand barrels per day and the numbers are 

way larger than the prices, the coefficients are much smaller than that of the prices. Among these 

six indicators, weekly stock change, weekly net imports change and weekly gasoline change are 

the remaining three indicators that are relevant in explaining the price change. 

The drawback of this regression is that the best R-squared is only at 0.3104. There are 

still way too many outside factors that can influence the price of crude oil futures and only the 

indicators below are not enough to predict the price movement.  

 

 (Table 5. Lasso Regression Result) 



 

 

5. Conclusion 

Discussion and conclusion 

Overall, this research provides statistical evidences in explaining some intuitions between 

the relationship between crude oil stock change and the price movements of both crude oil front 

month and back month futures contracts. The study shows that a general negative correlation 

between oil supply and price exists in the financial trading market. When the magnitude of the 

supply change is small, its influence on price is negligible. However, when the magnitude is 

large, the negative correlation exists in the first hour after the release but the price tends to move 

in the opposite the direction in the rest of the day as the market adjusts back to relative mean 

value. 

The research also shows that when facing a supply shock, front month futures and back 

month futures tend to move in the same direction. However, the magnitude of the front month 

futures price change will be larger than the price change of the back month futures since there 

are more time value in the back month futures, making it less sensitive to the current news. It 

could also because less people trade back month futures, making its price less volatile in general.  

In addition, some of the indicators in the EIA report influence the price more than others. 

Among the 10 selected indicators, the percentage price change before the release, the percentage 

price change during the first hour after the release of the report, weekly stock change, weekly net 

imports change, and weekly gasoline change are the 5 more significant factors that will influence 

the price change from 10:30 a.m. to 13:30 p.m. By using the optimized coefficients for these five 

factors, people can estimate the price movement during the rest of the day with around 31% 



 

accuracy. This research provides insights on the potential price movement patterns after the 

release of weekly EIA petroleum status report.  

 

Limitation of the Study 

There are a couple limitation of this study that need to be reminded. First, conceptually, 

crude oil is a highly volatile product and can be affected by many different factors such as 

consumer’s expectations rather than just the reported supply. Even more complicated economic 

and financial models that try to estimate crude oil prices in the future could only provide 

insights rather than giving accurate predictions. This research only provides insights on how 

statistically, the price of crude oil might move based on a couple indicators. There are many 

other factors that can make the actual price behavior deviate from the model. 

From a technical standpoint, there are a couple other limitations in the methods used in 

this research. Frist, even though the report is released on Wednesday, it reports the petroleum 

status on the previous Friday so there is a 4 days information lag. In addition, the crude oil 

futures contracts do not have a specified rollover dates. People usually trade the contract that is 

closest to the expiration date and they roll over to the next futures two or three days prior to the 

actual settlement date. Generally, people switch over to the next month futures when they see 

more volume increases in that futures. This will cause the prices of both front month futures and 

back month futures on the rollover dates to be ambiguous and unstable, making the spread 

between them very minimal.  



 

Finally, the research result is limited by the amount of data it used since historical futures 

settlement dates are not easily accessible. In addition, since the current data is snapshotted every 

15 minutes, the result will also be more accurate if minute or second data is available. 

 

Recommendation for Future Study 

There are couple areas that can be further developed in the future. First of all, my thesis 

research focused exclusively on petroleum report from EIA, however there is also a report 

released by API(American Petroleum Institute) every Tuesday 3:30 p.m. CST, which is prior to 

EIA report release on Wednesday. Since the reports come from two separate institutions, their 

methodologies and raw data are different, and thus report numbers differ. Studying the 

correlation between two reports can be interesting and incorporating some variables that account 

for API report or the difference between two reports can be beneficial to the 

estimation/prediction model by reducing unaccounted errors such as stock change already priced 

in after Tuesday’s API report etc.  

Another interesting observation is that crude oil futures contract price tend to start 

moving wildly right before the weekly report such as 9:29:55 CST instead of moving wildly after 

the report at 9:30:01 CST. Based on this observation, and if tick data or seconds data is available, 

this pre movement can be studied as a variable for price movement after report. 
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Appendix 1. Code to Get Trading Data from Interactive Broker 

 

 

Note: Since the data is grabbed separately for each contract, the expiry date and 

end_datetime need to be entered manually for each month and then grab the data looking back in 

60 days.  

 

 

 

 

 

 

 



 

Appendix 2. Correlation Analysis Code



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix 3. Lasso Regression Code 

 

 

Note that the alpha value refers to the lambda value, it has been adjusted in multiple values to 

find the most fitted one.  

 

 


