
An Analysis of Automobile Fuel E�
ien
y and the TimeDependen
e of Gasoline Pri
es: A Single-Vehi
le Approa
hSteve SekulaSeptember 12, 2008Abstra
tData from a single automobile spanning the period from 2003-2008 are analyzed. Fuel e
onomy andfuel 
ost are determined from the data. The raw data 
ontained several 
hallenges and in
onsisten
ieswhi
h needed a spe
i�
 data-handling pro
edure in order to pro
eed. The fuel e
onomy data is 
omparedfavorably to the manufa
turer's reported fuel e
onomy, and seasonal variations in the data are studied.The fuel 
ost data are analyzed to look for mi
ros
opi
 and ma
ros
opi
 trends.1 Introdu
tionThe pri
e of gasoline has risen signi�
antly over the past de
ade [2℄. While market data is 
ertainly oneapproa
h to studying this trend, another approa
h is to use extensive data from a single vehi
le. Refuelingre
ords for a single 
ar, regardless of its fuel e�
ien
y, are an interesting probe of the larger e
onomi
 trendof gas pri
es. In addition, long-term data from a single vehi
le 
an allow a study of the fuel e�
ien
y trendsin that vehi
le, both long-term and seasonal.I report on the data from a single vehi
le, taken during the period of January, 2003 to August, 2008. Thedata 
ontains the total vehi
le mileage, the total fuel put into the 
ar at the time of ea
h refueling, and thetotal 
ost of the fuel. The analysis of this data is shown to be a useful means to test data-handling skills.I show that the trend in fuel pri
es over time toward higher values should not have 
ome as an unexpe
tede�e
t in the 
urrent year, when gas pri
es are at their histori
al highest in the United States. In addition, Ireport on observations of the fuel e
onomy of the vehi
le over the period of the data.2 Automobile InformationThe automobile used in this study is a 2002 Dodge Stratus, pur
hased new from a Conne
ti
ut dealership.The sti
ker fuel e
onomy is approximately 22 MPG [3℄. The vehi
le has re
eived regular maintainen
e, whi
hshould insure stable fuel e
onomy over time. This assumption will be tested. In addition, the vehi
le hasremained primarily in the New England area, making it subje
t to the varying weather 
onditions of theNortheastern United States. Possible trends in fuel e
onomy, the result of varying 
limate 
onditions, willbe tested. The data 
ontains enough information to determine the approximate fuel 
ost (per gallon) as afun
tion of time. Trends in that 
ost will be studied.
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3 The Data SampleThe data were 
olle
ted by the author's parents over a period of �ve years. The data are extensive, withonly a few kinds of anomalies dis
overed during the analysis. The data were kept in a small notebook andarranged in 
olumns. The 
olumns 
ontained the date of refueling, the mileage, the total 
ost of the fuel,and the total number of gallons pumped.3.1 Possible Anomalies in the DataPossible anomalies in a hand-re
orded dataset are as follows:
• Errors in trans
ription of the numbers: one expe
ts errors in the reported mileage, fuel 
ost, and fuelput into the vehi
le. Su
h errors 
an be trans
ription errors (errors in re
ording), rounding (errors inthe treatment of the raw data by the re
order), and data swapping (putting the wrong number in thewrong 
olumns)
• Errors of omission: this analysis assumes that some fueling information is not re
orded, leaving �gapsin the fossil fuel re
ord�. For instan
e, the author of this paper is guilty on several o

asions of notre
ording the mileage when fueling the vehi
le1.We 
an dete
t these errors as follows. One a priori expe
ts several things to be true of the data. Thepri
e of gas varies signi�
antly over long periods of time (months to years), but from refueling to refueling- even at di�erent stations - one expe
ts the pri
e to vary fairly smoothly from one fueling to the next.Errors in trans
ription 
an easily be dete
ted as signi�
ant outliers in the data, su
h as extremely high 
ostof fuel per gallon or ex
eptionally high fuel e
onomy. Errors of omission involve several types. Either anentire fueling stop 
an be missed, whi
h means that the gap in the mileage between the previous and nextreported refueling is large while the next reported fuel 
ost is small relative to the distan
e driven. Theseare dete
table as jumps in fuel e
onomy that far ex
eed the laws of physi
s for a vehi
le this size. For anindividual fueling data point, 
olumns 
an be missing. For instan
e, the mileage will be reported but thetotal 
ost of refueling is missing. In these 
ases, the fuel e
onomy information 
an be re
overed by 
ombiningdata from the previous 
omplete fueling point with the next one (adding the total number of gallons usedand subtra
ting the two mileage numbers) to estimate the fuel e
onomy.3.2 How anomalies in the data were handledThe author had to make 
hoi
es along the way in order to handle the data. These 
an be summarized asfollows
• If a fuel e
onomy estimate from a given entry ex
eeded 40 MPG, the data were assumed �awed (dueto trans
ription, or due to a missing entry) and ex
luded from the analysis. There is no way a vehi
lewith a 22 MPG rating 
an spontaneously ex
eed 40 MPG in fuel e
onomy, barring a strong tailwindor signi�
ant drafting during that period. Given the 
onservative nature of the drivers involved inthe study (avoiding bad weather 
onditions, su
h as high-wind storms, or tailgating vehi
les for longperiods of time), I ex
lude either of these possibilities and justify ignoring this data.1The existen
e of the re
ord book for this information was only brought to the attention of this author in August of 2008,making my previous errors those of omission 2



Table 1: Error estimates on fuel e
onomy, determined from several groups of �like points�. Their likeness isdetermined from the distan
e driven sin
e the last refueling stop.Distan
e Range (miles) Number of Data Points Standard Dev. in Fuel E
onomy (MPG)
100 ± 10 16 4.0
150 ± 10 59 2.8
200 ± 10 27 4.2

• Data swapping of the total fuel 
ost and total fuel pumped were dete
ted as anomalously low gas pri
es($0.50 per gallon), whi
h have not o

urred in a very long time. By reversing the data points in the fuel
ost ratio, a more reasonable gas pri
e (~$2) was a
hieved. These entries were 
orre
ted by swappingthe two numbers.
• For entries missing mileage information, but with all other information inta
t, the previous 
ompletepoint was 
ombined with the next one and the fueling data from the 
urrent one in order to get a fuele
onomy estimate. Fuel 
ost is inta
t in these entries.
• Several points exhibit anomalously high fuel 
ost. No obvious error in the data 
an be found (e.g. fuele
onomy looks reasonable). I assume that the total 
ost was not trans
ribed 
orre
tly, but I leave thatdata in the analysis.3.3 Deriving an un
ertainty on the fuel e
onomy dataThe fuel e
onomy data are expe
ted to vary from entry to entry due to 
limate 
onditions, driving 
onditions,driving habits, average speed during drive time, et
. Therefore, I developed a pro
edure to estimate thetypi
al un
ertainty due to these e�e
ts for a given entry. I group entries with a similar total distan
e traveledsin
e the last fuel stop. For instan
e, I �nd all entries where (200± 10) miles were driven before refueling. Ithen assume variations for like points are Gaussian and �nd the standard deviation of these entries. I usedthe standard deviation as the measure of un
ertainty on a single point.I repeated this pro
edure for several 
entral driving distan
es, well-separated from one another. Theresults are reported in Table 1. I �nd that for the sample distan
es there is some variation in the standarddeviation. To be 
onservative, I take the error to be 4.2 MPG, with a systemati
 un
ertainty due tothe inability to 
ontrol for driving 
onditions as the di�eren
e between the largest and smallest standarddeviation, 1.4 MPG. Combining these in quadrature, I arrive at a total un
ertainty on a given fuel e
onomynumber of ±4.4MPG.4 Analysis of the Fuel E
onomy DataThe fuel e
onomy data, �ltered for errors as des
ribed earlier, is shown in Fig. 1. A few things are 
learupon inspe
tion of this plot. There is more sparse data in the worst part of the winter (for instan
e, between300 days and 380 days after 1/21/2003, whi
h 
orresponds to late November and early February). This isparti
ularly true in the winter months spanning 2003-2004 and 2004-2005.I perform a �t to the data using the fun
tion

F (t) = a + b cos(c × t)3
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Figure 1: The fuel e
onomy data (MPG vs. days sin
e 1/21/2003) after 
orre
ting for errors in the data.Table 2: Results from the �t to the fuel e
onomy dataCoe�
ient Fitted Valuea (
onstant) 25.2 ± 0.3 MPGb (amplitude) −(16.1 ± 0.4) MPG
2π/c (period) (369.4 ± 0.5) dayswhere a, b, and 
 are 
oe�
ients to be determined by the �t and t is the time (in days) sin
e 1/21/2003. I�nd the �t 
onverges reliably if I set the period (2π/c) to a number above 300 days. The binned χ2/DOFis 0.6, whi
h suggests that the errors are underestimated (or, perhaps more a

urately, that my assumptionof Gaussian un
ertainties on these points is not an adequate assumption). The period determined by the �tis 369 days, whi
h is relatively 
lose to a one-year periodi
ity in the data. The �t result is shown in Fig. 2,and the �tted 
oe�
ients are given in Table 2.From this analysis of the data, I 
on
lude that the average fuel e
onomy is in ex
ellent agreement withthe manufa
turer's report (about 22 MPG). This average is maintained with great stability a
ross manyyears and in the fa
e of yearly variations in weather 
onditions that 
an have adverse e�e
ts on the vehi
le.5 Analysis of the fuel 
ost dataThe popular media spend a lot of time in the 
urrent e
onomi
 
limate de
rying the 
ost of gasoline. Whileea
h summer in the past de
ade has led to similar 
omplaints with varying degrees of amplitude, this year(2008) signi�es the loudest publi
 out
ry over the 
ost of fuel in about 30 years. The question I want toaddress with this analysis is as follows: should we have seen this fuel 
ost 
oming, at least based on 
onstantupward 
hange in the pri
e of gas even despite seasonal market variations?The fuel 
ost data is shown in Fig. 3. Data have been removed when there was not enough information to4
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 / ndf 2χ  130.9 / 220
p0        0.2991± 25.19 
p1        0.4329± -1.614 
p2        0.0002384± 0.01701 

 / ndf 2χ  130.9 / 220
p0        0.2991± 25.19 
p1        0.4329± -1.614 
p2        0.0002384± 0.01701 

Figure 2: The fuel e
onomy data (MPG vs. days sin
e 1/21/2003) after 
orre
ting for errors in the data and�tting with a 
osine-based �t fun
tion.
ompute the fuel 
ost per gallon. Data points with no obvious problems, but whi
h are 
learly not smoothlyvarying with respe
t to their neighbor points (either too expensive or too 
heap) remain in the data. Severalinteresting 
on
lusions 
an be drawn from the data.5.1 Corre
ting the data for in�ationThe value of the dollar, relative to its value on 1/21/2003, varies over time. I 
orre
t the fuel 
ost data forin�ation. I do this by using the Consumer Pri
e Index to re
ompute the fuel 
ost in 
onstant 2003 dollars,using the tool from Ref. [1℄. I then replot the data in 
onstant 2003 dollars in Fig. 4. Any dollar amountquoted hen
eforth in this analysis is in 
onstant 2003 dollars.A �nal 
ross-
he
k of this data is performed by 
omparing the average CPI-
orre
ted fuel 
ost in ea
hyear to data from the U.S. Department of Energy. Using the data in referen
e [2℄, I 
ompute the ratio ofnext year's average pri
e to the previous year. I perform the same 
al
ulation using the data from the singlevehi
le. The results are 
ompared in Table 3. The rates of in
rease from year-to-year 
ompare favorablybetween the two samples, ex
ept in 2006 when the rate of 
hange in our data set was slightly larger than inthe national average data. Based on this, I 
on
lude that the data shows no long-term average trends thatdi�er signi�
antly from national averages determined by the U.S. Department of Energy.5.2 Analysis of the 
orre
ted fuel 
ost dataA mi
ros
opi
 analysis of the data (looking at the feature of small subsets of the data) shows that thehighest pri
es o

ur during summer periods (July-August of 2003, 2004, 2005, 2006, 2007, and 2008 o

urat days 162-223, 527-588, 892-953, 1257-1318, 1622-1683, and 1987-2048). The peak-to-valley ratio in 2003and 2004 was mu
h smaller (by almost a fa
tor of 2-3) than it was in all subsequent years. The large pri
espikes started in 2005 and have 
ontinued steadily sin
e. While it is nearly impossible to make valid market5
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Figure 3: The fuel 
ost data, ex
luding points with not enough information to 
ompute the 
ost per gallonbut in
luding several 
learly in
onsistent data points with no obvious external problems
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Figure 4: The fuel 
ost data in 
onstant 2003 dollars, ex
luding points with not enough information to
ompute the 
ost per gallon but in
luding several 
learly in
onsistent data points with no obvious externalproblems 6



Table 3: Data from the U.S. Department of Energy for the average national unleaded regular fuel 
ost,
orre
ted to 2000 dollars, and the vehi
le. The relative average pri
e in
rease from year to year is 
omputedfrom ea
h data sample.Year Average FuelCost (2000dollars) Current-to-previous yearratio Average FuelCost for theVehi
le (2003dollars) Current-to-previous yearratio2003 1.50 N/A 1.70 N/A2004 1.72 1.15 1.94 1.142005 2.03 1.18 2.29 1.182006 2.22 1.09 2.6 1.132007 2.34 1.05 2.74 1.05predi
tions on the pri
e of gasoline in a given year 2, based on the data no one should have expressed surpriseafter 2006 that the summer months were signi�
antly more expensive than the winter months. This shouldhave allowed for preventative budget planning for government agen
ies, business, and families.Another mi
ros
opi
 observation is that in 2005, 2006, and 2007 the maximum pri
e per gallon neverex
eeded a �
eiling� of about $3.00 per gallon (remember, this data is primarily from Conne
ti
ut). In the
urrent year, this 
eiling has been shattered. This may be the origin of the media and publi
 out
ry overthe 
ost of fuel in the summer of 2008. While pri
es spiked in the summer 
onsistently from 2005-2007, theynever ex
eeded what might have been seen as an arbitrary �pri
e 
eiling�. The year 2008 breaks this 
eiling,and 
ould be the origin of the stress on the e
onomy and the publi
 mind.However, this same mi
ros
opi
 analysis - 
ombined with the ma
ros
opi
 observation that after spiking,pri
es tended to return to a 
urve that marked a steady upward trend - also suggests that the summer of2008 should not have been a real surprise. The data in the time between summer 2007 and summer 2008 isthe key.First, note that after the spikes the data never returned to the pre-spike pri
e. Instead, the post-spikepri
e lies on a slowly rising 
urve that 
ontinues to rise under the spike (the �slow-rise� trend in the data).In
reases of the average non-spike pri
e 
ontinued steadily from 2003-2008. The maximum of the 2007summer spike was rea
hed by the in
reasing 
urve of the slow-rise 
urve just about 4-6 months after thesummer of 2007 (in the winter of 2008). The data tells us that a 2008 summer spike that ex
eeded the old�
eiling� of $3.00 was not only possible (based on the existen
e of previous spikes), but very likely (giventhat the slow-rise 
urve already ex
eeded the old 
eiling).6 Con
lusionsI have analyzed fuel e
onomy and fuel 
ost data from a single vehi
le, pur
hased new in 2002 and drivenprimarily in the Conne
ti
ut and New England areas. The fuel e
onomy data suggests a seasonal variationthat is roughly 
osinusoidal, with errors (assigned by me) whi
h likely underestimate the true un
ertaintypoint-by-point. The average fuel e
onomy of 25.2 MPG is 
onsistent with the manufa
turer's reported fuele
onomy, and is stable over the period of the data taking. The fuel 
ost data are 
onsistent with trendsin national fuel 
osts (albeit with an absolute s
ale relevant to the New England area), and suggest that2The number of fa
tors driving gas pri
e - supply, demand, geopoliti
s, spe
ulation - are largely unpredi
table7



there are two 
omponents to the fuel 
ost 
hanges. One 
omponent is a slow-rising 
urve, whi
h at nopoint between 2003 and 2008 stalled signi�
antly. The se
ond 
omponent are pri
e spikes that 
orrelatewith the summer months. The spikes had a 
eiling of about $3.00 (
onstant 2003 dollars) per gallon in2005-2007, a 
eiling whi
h was ex
eeded by the slow-rise 
urve in winter of 2008 ahead of the summer spikeof 2008. I 
on
lude that signi�
ant fuel e
onomy data from a single vehi
le are an ex
ellent means to perfe
tdata-handling te
hniques and learn about vehi
le performan
e and e
onomi
 trends in the pri
e of fuel.Referen
es[1℄ http://www.minneapolisfed.org/Resear
h/data/us/
al
/[2℄ http://www.eia.doe.gov/emeu/aer/txt/ptb0524.html[3℄ http://www.fuele
onomy.gov/FEG/noframes/17542.shtml
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