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Exercise: United States Crude Oil Production Rates

Crude oil began being produced in the United States sometime before 1859, when Edwin Drake's well became operational.  The oil produced before the drilling era was generally obtained from seeps that naturally brought the buoyant liquid above ground.  The potential utility of such oil was not seen until the developments of several scientists to refine such crude oil into a product, namely kerosene, that could be used in lamps.  Kerosene proved a useful fuel and helped fill the void left by a decline in whale oil supply and the even more precipitous decline in demand for the more commonly used camphene oil due to federal taxes levied on all alcohols during the American Civil War.  The increasing demand for "carbon oil," as it was known, brought about the age of oil exploration.  In the early days, with limited technology and geologic knowledge of reservoirs, finding and extracting oil was a chance investment.  As the fledgling oil industry adapted and improved its methods, and as demand continued to quickly increase, so too did oil production increase.  Such increases in production were sporadic, however, partly because of punctuated periods of technological improvement and partly due to the sporadic discoveries of new oil fields.  By the 20th century production began to settle into a period of more consistent production increases and by the late 1950's predictions were able to be made about future oil production values and when U.S. oil production would reach its maximum.

1. Download U.S. oil production data for the years 1900-2009 from EIA (http://tonto.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRFPUS2&f=A).

2. Import the values into a new spreadsheet. 

  a. Calculate the daily production rate (DQ/Dt) in millions of barrels per day (mbd).

  b. Calculate the annual production rate (DQ/Dt) in million of barrels per year (mby).

3a. Calculate cumulative oil production for the United States in millions of barrels of oil (mbo) (oil produced before 1900 is taken as neglible relative to 20th and early 21st century production).  This is the amount extracted (Q) up to 2009.

  b. Plot U.S. cumulative oil production.

  c. Describe in words the behavior of the plotted data.  How did oil production change with time?

  d. Based on your observations, what may be a plausible model for oil production?

  e. Write the equation for this model in terms of oil production, denoting the meanings of each of the variables and constants.

4. We will now try to fit this model to the oil data.  To do so, we need to determine the values of the constants.  One method of determining appropriate values for constants in this sort of model is to alter the model equation into an equation of a line.  The model constants can then be computed from the constants in y = mx + b, nameley th slope and intercept.

  a. Divide the model equation by Q and demonstrate that the new equation is that of a line.  

  b. What do y, m, x, and b represent in terms of oil production variables and constants?   Hint: In both equations, Q is the independent variable.

  c. Plot the data in this new form ([DQ/Dt]/Q vs Q).  


Observe that all of the data taken together do not form a line.  Following the method of Deffeyes (2006) we will analyze the nearly linear trend line that occurs since 1958.  This method was chosen because it is a straightforward way of calculating oil production constants without resorting to equivalent, but more complex methods employed by M. King Hubbert in his first predictions of oil production rates.  Before 1958, the cumulative amount of oil produced was small and as the denominator Q tends toward zero, the y-axis values of production rate/Q become quite large.

  d. Calculate the regression line for data since 1958.

  e. What are the values of the oil production constants?  Given these data only, given an estimate of the remaining accessible (conventional) oil in the U.S. as of 2009.

  f. Produce modelled cumulative oil production values (Q) from the year 1958 (t=0) using these oil production constants.

  g. Re-plot U.S. cumulative oil production since 1900 and on the same graph include the modelled production since 1958.  Does the model appear to be a good fit?

  h. Now produce modelled cumulative oil production values (Q) since the year 1900 (t=-58).  Plot these with the actual data since 1900.  Note your observations.

  i. Does it appear from the these graphs that production rates have reached a maximum?  

  j. Using "derivatives" on the modelled data, produce a curve for production rates from 1900 to 2009.  Plot these modelled production rates with actual production rates for comparison.  

  k. Find the year of peak production in the U.S. from the modelled data and from the actual data.


  M. King Hubbert, using the same growth model in a more mathematically rigorous way, predicted in 1956 that U.S. oil production rates would peak in 1970 if recoverable oil was 200 billion barrels.  The slight discrepancy between our model and his stems from the fact that we essentially hindcast, deriving our model from data postdating 1958 which indicated recoverable oil in excess of the 200 billion barrels that Hubbert predicted from his model using data prior to 1958.  U.S. oil production increased dramatically in the late 1960's and early 1970's, perhaps bringing about a sooner peak than our model predicted.  

5.  Given these data and analyses, what interpretations could one make about the modelling and its relation to past data?  What about using the model to predict future oil production rates in the U.S.?  What considerations should probably be made?  What are potential factors that could cause future oil production to differ from predicted rates?

