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FOREWORD

This report, prepared by The Aerospace Corporation for the U.S.
Environmental Protection Agency, Emission Control Technology Division,
presents the results of an evaluation of seasonal, topographical, and geo-
graphical effects on fuel economy of in-use vehicles manufactured by the
General Motors Corporation.

The results of the study are presented in five sections. Sections 1
and 2 briefly summarize the study results and approach. A discussion of
the data and methods of analysis is included in Sections 3 and 4. Section 5

presents the detailed study results.
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SUMMARY

Current Product Engineering, Engineering Staff, General Motors
Corporation conducted three fuel economy surveys of 1975 GM private
passenger car owners. The objective of these surveys was to determine what
kind of fuel economy 1975 GM customers were experiencing. Data from this
survey for 1532 cars formed the basis for this study. Additional seasonal,
topographical, and geographical data associated with the locations of the
owners were acquired from the literature and added to the GM data base.
Carline classes were then defined which contained cars with the following
parameters in common: GM Division, Inertia Weight, Engine Displacement—
Number of Carburetor Barrels (CID-BBL), Transmission Type, and Axle
Ratio. Harmonic mean fuel economies were computed for groups of cars
within each carline class. These groups were associated with extreme ranges
in each of eight seasonal, topographical, and geographical parameters. The
dependence of fuel economy on these parameters was determined by comparing
fuel economies between groups. Sales weighted harmonic mean fuel economies
were computed for analogous groups at the division and fleet level,

Preliminary results indicate an increase in fuel economy with an
increase in average miles traveled per day for all carline classes. It was
also found that temperature and population (i.e., urban/highway driving
conditions) have a lesser influence on fuel economy, but that a larger data

base is required in order to properly evaluate this result.
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SECTION 1

INTRODUCTION

The objective of this study was to analyze GM customer fuel economy
data for seasonal, topographical, and geographical effects on fuel economy of
in-use vehicles. Data which characterize season, topography, and geography
(such as temperature or elevation) were hand-transcribed from the literature
and incorporated into a GM fuel economy survey data base. While this
involved a substantial effort, it was justified on the basis that these data could
be used to identify fundamental relationships between fuel economy and key
parameters or combinations of parameters.

There are many automobile design parameters which also affect fuel
economy. Those which were singled out for this study are as follows: inertia
weight, engine displacement (CID), number of carburetor barrels (BBL),
transmission type, and axle ratio. There are other design parameters, of
course, which also may have an effect on fuel economy such as the number of
gears in the transmission, whether or not the car is air-conditioned, and so
forth. However, in this study the latter parameters were assumed to have a
secondary effect on fuel economy.

In order to separate the effect on fuel economy of the above design
parameters from the effect of seasonal, topographical, and geographical
parameters, cars of common inertia weight, engine displacement, number of
carburetor barrels, transmission type, and axle ratio were grouped into
classes. Any change in fuel economy within a class was then attributed to an
effect other than a change in automobile design. Harmonic mean fuel
economies were computed for subgroups of cars within individual carline
classes. A chi-square distributed statistic was used to test the hypothesis
that the mean fuel economies for these groups were equal. The test that was
used (Appendix C) is asymptotic in nature and is not strictly applicable to the
small groups of cars that were analyzed in this study. Therefore, the results

of this study should be considered preliminary in nature.



A larger data base is required to substantiate these preliminary
results as well as to allow the application of multiple level hypothesis testing.
Such testing could be used to distinguish between parameters that affect fuel

economy and to determine the relative importance of these parameters as

determinants of fuel economy.



SECTION 2

DATA ACQUISITION AND ANALYSIS

The GM data base supplied by the EPA Project Officer consisted of
data acquired in three separate surveys: a 1975 Winter Survey consisting of
cars with an average initial odometer reading of 2535, a 1975 Spring-Summer
Survey consisting of cars with an average initial odometer reading of 2600,
and a 1975 Spring-Summer Survey consisting of cars with an average initial
odometer reading of 6050. In order to minimize differences in fuel economy
resulting from the '"green car effect,! only data from the first two surveys
were used in this analysis. There were a total of 1745 cars in this reduced
data set. Some of these cars were eliminated because of missing or erroneous
data and because it was not possible to obtain certain seasonal, topographical,
or geographical data associated with the locations of some of the car owners.
After eliminating these cars, there remained a total of 1532 cars for analysis.

A partial listing of the data contained in the reduced data base is
given in Table A-1 of Appendix A. Axle ratio and transmission type have been
recoded for the purposes of this study. The codes for Division, Body Type,
CID-BBL, Axle Ratio, and Transmission Type are given in Table 2-1,

A list of the data that were added to the data base for the purposes
of this study is contained in Table A-2 of Appendix A. The first column of
information in this table consists of inertia weights for each car. These
weights were obtained from Body Type and Division using Table 2-2.

The '"Season'' parameter in the second column of Table A-2 is equal
to either "'S" or "W'" depending on whether the data were obtained from the
Spring-Summer Survey or the Winter Survey. This parameter is used to
determine the weather parameters discussed below.

The third column of this table contains average miles per day
(abbreviated AMPD). This value was obtained from the initial and final

odometer readings and the dates of the initial and final tank fills.



DIVISION

CODE

[0 2 S - S N

Chevrolet
Pontiac
Oldsmobile
Buick
Cadillac

AXLE RATIO

CODE

[, NN O CV R

.56
.13
.92, 2.93
.08
3.42

w N NN

Table 2-1. GM Data Codes

CODE

- 0 0 =NV WD

—

CODE

BODY TYPE

Intermediate

Standard

Luxury

Fleetwood 75

Riviera, Toronado, Eldorado
Sporty (Camaro, Firebird)
Special Intermediate
Subcompact

Compact

Monza, Starfire, Skyhawk

TRANSMISSION TYPE

Automatic

Manual

#Cubic Inch Displacement - Number of Carburetor Barrels

CODE

o N O N w N

11
12
13
14
15

CID-BBL®

140-1
140-2
231-2
250-1
260-2
262-2
350-2
350-4
400-2
400-4
454-4
455-.4
500-5



Table 2-2. Inertia Weight ~ GM Body Type Relationship (1975 Model Year)

GM Division Code

GM Body Type Code (Cl'}ev) (Por?tiac) (Ol3ds) (Bfick) (Cad6illac)
1. (Intermediate) 4500 4500 4500 4500 -———
2. (Standard) (a) (a) (a) (a) —---
3. (Luxury) -——— -———- 5500 5500 5500
4, (Fleetwood 75) -—— - —_—— -———- 5500
5. (Riviera, Toronado,
Eldorado) ———- _———— 5500 5000 5500
6. (Camaro, Firebird) 4000 4000 ———- - ————
7. (Special Intermed.) 4500 4500 _———- —_——- ———-
8. (Subcompact) 3000 3000 _———- ———- ——_———
9. (Compact) 4000 4000 4000 4000 -
11. (Monza, Starfire,
Skyhawk) 3500 -———- 3500 3500 -

aBody type includes a range of inertia weights; 5250 assumed for this data group.



The population values in the fourth column of Table A-2 correspond
to the city in which the driver resides. These values were obtained from the

1976 Commercial Atlas and Marketing Guide. 1

The fifth column of Table A-2 contains a code which indicates

whether or not the city is a suburb of a larger city (the letter S indicates that
it is a suburb). The actual populations of suburbs do not represent the general
population density of the area. Therefore, in the statistical analysis which
was performed on these data the populations of suburbs were arbitrarily con-
sidered to be equal to 100, 000.

The sixth column in Table A-2 contains a terrain "index" that is
used as a measure of local topography. Values for this index were obtained

from The National Atlas of the United States of America. 2 The code that was

used is as follows:

Slope

""A'" — more than 80 percent of area gently sloping
"B'" — 50-80 percent of area gently sloping

"C'" - 20-50 percent of area gently sloping

""D'" - less than 20 percent of area gently sloping

Local Relief

"1 - 0-100 feet

"2 ~ 100-300 feet
"3" — 300-500 feet
"4" _ 500-1000 feet
"5t~ 1000-3000 feet
"6" — over 3000 feet

Due to the limited number of cars available in the data base, only ''Slope'
was used as an indication of the terrain in the analysis.

The elevation data (feet above sea level) in the seventh column of thig
table were obtained from the same source as population (see above).

The weather data in the eighth, ninth, tenth, and eleventh columns

were obtained from Climatological Data, National Summary. 3 Average values




were used for the months of December 1974 or June 1975, depending on the
value of the Season parameter discussed above. (The assumption was made
that these months characterized the local climate during the duration of the
Winter and Spring-Summer surveys respectively, since the ranges in dates
between initial mailing of the surveys to General Motors' customers and
accepting responses for these surveys were November 1974 through February
10, 1975 and May 1, 1975 through July 31, 1975.) The units for these quanti-
ties are as follows: temperature — “C, relative humidity - %, precipitation
and snow/ice — mm. (The last quantity was not used in this analysis.)

The last column contains a four-digit model code. The first digit
corresponds to General Motors. The second digit corresponds to a specific
division of General Motors. * The last two digits correspond to the specific
model within this division. The correspondence between this code and car
model is given in Table 2-3 along with Body Type. The relationship between
the latter quantity and model was used to determine the four-digit model
designation listed for each car in Table A-2 (Appendix A). Unfortunately,
knowledge of the division and body type does not allow a distinction between
Vegas, Vega Wagons, and Monzas, for example. (All have Body Type 8 as
indicated in Table 2-3.) Whenever a situation like this occurred, the lowest
model number was used. That is, in the above example, all Chevrolets with
Body Type 8 were given the code 2402 corresponding to Vegas. This model
code was introduced into the data base solely for the purpose of determining
total sales of cars in each carline class. (Projected 1975 model year sales
data were provided by the EPA Project Officer by model for California and
Federal Light Duty Vehicles.) The method which was used to determine total
sales for a given class can best be explained by the following example. One
of the classes consisted of two models: 2407 and 2412. According to Table
2-3 this class could conceivably contain the following models: Chevelle (Malibu,

Laguna); Chevelle Wagon; and Monte Carlo. The total sales for this class

*This code was developed in conjunction with other EPA studies. Consequently,
the Division Code does not correspond to the one in the GM data base (see
Table 2-1).



Table 2-3. Model Codes

Division Body Type Model
Code Code
2 Buick 11 01 Skyhawk
9 02 Apollo
9 03 Skylark
1 04 Century/Regal
1 05 Century Wgn
2 06 Le Sabre
3 07 Electra
2 08 Estate Wgn
5 09 Riviera
3 Cadillac -- 01 Seville
3 02 Calais/Deville
5 03 Eldorado
3 04 Fleetwood Brougham
4 05 Fleetwood 75
4 Chevrolet -- 01 Chevette
8 02 Vega
8 03 Vega Wgn
8 04 Monza
9 05 Nova
6 06 Camaro
1 07 Chevelle (Malibu, Laguna)
1 08 Chevelle Wgn
2 09 Chevrolet (Caprice, Impala, Bel Air)
2 10 Chevrolet Wgn
-- 11 Corvette
7 12 Monte Carlo
5 Oldsmobile 11 01 Starfire
9 02 Omega
1 03 Cutlass
1 04 Cutlass Wgn
2 05 Delta 88
3 06 Ninety-Eight
2 07 Cust. Cruiser Wgn
5 08 Toronado
5] Pontiac 3 01 Astre
8 02 Astre Safari
11 03 Sunbird
9 04 Ventura
6 05 Firebird
1 06 L.emans
1 07 Lemans Wgn
7 08 Grand Prix
2 09 Pontiac- (Bonneville, Catalina,
Grandville)
2 10 Pontiac Wgn

ot

11 Grand AM
12 Trans AM

—



was assumed to be equal to the sum of the sales for these models including
both California and Federal Light Duty Vehicles. The sales data that were
used in this analysis are given in Table 2-4. As implied by this table, one
additional complication occurred with respect to the treatment of the sales
data, that is: some of the carline classes contained identical models. For

the purpose of computing sales weighted harmonic mean fuel economy (see

Appendix C), it was therefore necessary to combine these carline classes
into single classes and associate a single sales value (Table 2-4) with each

of the combined classes.



Table 2-4. Projected 1975 Model Year Sales Data (from EPA Certification
Test Data Base — California and Federal Light Duty Vehicles)

b b
Number Class I.D.? Class Sales, %b Division Sales, % Fleet Sales, %

{ 13000313}

2 13000323 7.13

3 140006 12]

4 14000912} 8.99

5 14500912 17.43

6 152509 14

7 15251212 19.77 53.32
8 23000313

9 23000323} 3.31

10 24000911 2.40

11 24500911

12 24501211} 6.58

13 25251111)

14 25251212] 4.79 17.08
15 340007 11 (c)

16 34501011 9.00

17 35251012 3.19

18 35501411 2.40

19 35501412 0.79 15.38
20 44500912 5.49
21 45001413 0.20
22 45251014 4.64
23 45501412 3.89 14.22

100.00

2Refer to Table 2-5 for an explanation of the Class I.D.
For those models that were represented in each carline class.

c )
Data not available; zero value adopted for sales summation.

10
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Table 2-5. Carline Class Identification

‘ L
DIVIS ION-—T AXLE RATIO

(INERTIA WEIGHT) /10 TRANSMISSION TYPE

‘

CID-BBL

Example

13000313

This is a Chevrolet which weighs 3000 pounds, has a 140 cubic inch displacement
engine, a 2 barrel carburetor, automatic transmission, and an axle ratio equal
to 2.92%

alRefer to Table 2-1.



SECTION 3

ME THODS

The dependence of fuel economy, that is, miles per gallon (mpg)
on eight seasonal, topographical, and geographical parameters was investi-
gated in this study. The method utilized for establishing this dependence

involved the following steps:

a. Definition of a Carline Class., Carline classes were
initially defined so that the dependence of fuel economy
on seasonal, topographical, and geographical effects
could be separated from the dependence of fuel
economy on the design of the car. Five parameters
were used to define a carline class: (1) Division of
General Motors, (2) Inertia Weight, (3) Engine-
Carburetion Design (CID-BBL), (4) Transmission
Type (Manual versus Automatic), and (5) Axle
Ratio (one of five values),

b. Choice of Minimum Cars per Class. It was decided to
consider only carline classes with at least 20 cars.
There were three considerations that suggested this
would be a reasonable number of cars per class:

1. No fewer than five cars could be used in a given
group within a carline class to compute a
harmonic mean fuel economy (see Appendix C)
and determine statistically whether this mean
value was significantly different from another
harmonic mean fuel economy.

2. A sufficient number of cars per class would be
required so that two groups of cars, containing
at least five cars each, could be identified in
such a manner that the ranges in a given parame-
ter associated with each group did not overlap.
This criteria would necessarily apply to all
eight parameters for each class.

3. As many cars as possible in the data base would
be included in the study.

13



The first two considerations clearly suggest large
classes, while the third consideration suggests small
classes. A value of 20 cars per class was chosen as
a reasonable compromise.

C. Determination of Carline Classes. A computer pro-
gram was written which searched the data base for
combinations of the five parameters (which define a
carline class) that were common to at least 20 cars.
The results of this search are shown in Table 3-1.
As indicated in this table, 24 classes were found that
satisfied this criteria. These 24 carline classes
include 69 percent of the cars in the data base.

d. Determination of Carline Class Harmonic Mean Fuel
Economies. A computer program was written that
performs the following computations: for each class
of cars it determines N number of cars which are
associated with extreme values of each of the eight
seasonal, topographical, and geographical parameters.
(For example, with N=5, the program would identify
those cars associated with the five highest and five
lowest values of each parameter in each class.) The
program then computes harmonic mean fuel economies
for each grouping of N cars. Sales weighted harmonic
mean fuel economies (see Appendix C) were not com-
puted at a carline class level since frequently the
same models were not present in the extreme parame-
ter ranges. Under these circumstances, differences
in sales weighted fuel economies would be, at least
partially, the result of differences in model mix rather
than the parameter under investigation.

e. Determination of Division and Fleet Sales Weighted
Harmonic Mean Fuel Economies. Sales weighted
harmonic mean fuel economies were computed at both
the division™ and fleet level. In ordeT to assure that
each carline class contained at least three cars in the
extreme parameter ranges at the division level, it was
necessary to increase the number of cars in each
extreme to as many as 104. A corresponding analysis
at the fleet level indicated that 479 cars would be
required so that all 24 carline classes contained at
least three cars in each extreme parameter range.

" This was not done for the Cadillac Division since only one carline class was
available for that division.

14



Table 3-1. Carline Classes That Contain at Least 20 Cars

CLASS CODE NUMBER OF CARS
13000313 26
13000323 22
14000612 32
14000912 40
14500912 77
15250914 37
15251212 25
23000313 34
23000323 25
24000911 48
24500911 44
24501211 49
25251111 35
25251212 22
34000711 30
34501011 35
35251012 59
35501411 59
35501412 51
44500912 42
45001413 42
45251014 70
45501412 74
65501512 83

15



The sales weighted values presented should be
interpreted with caution since there were generally
an insufficient number of carline classes to represent
the divisions adequately.

Determination of the Test Statistic for Evaluating
Differences in Fuel Economy. It can be shown that the
""Test Statistic'" denoted "“G'' in Appendix C is distributed
as a chi-square with o level of confidence and { degree
of freedom. For o = 0.95, y2 = 3.84146. If G exceeds
this value, the hypothesis that two harmonic mean fuel
economies under investigation are the same is rejected
at a 95-percent confidence level.

Values for this statistic were computed for each pair
of mean fuel economies for each of the seasonal,
topographical, and geographical parameters for each
carline class.,

16



SECTION 4

RESULTS

4.1 CARLINE CLASS HARMONIC MEAN FUEL ECONOMY
COMPARISONS

The main results of this study are displayed in Tables 4-1 and 4-2
for N=5 and N=10 respectively. An asterisk next to the "Test Statistic'" is
used to flag significant differences between mean fuel economies. Note that
for some of these carline classes the upper bound in AMPD (average miles
per day) is quite large. At first it was assumed that this was due to
erroneous data that should be deleted from the data base. However, in all
cases it was found that these large values occurred over relatively short
periods of time, indicating long trips. The data were therefore assumed to
be accurate. Note also that the lower bound on population (Range 2) is fre-
quently equal to 100, 000. This occurs because of the suburbs in the data
base that are all assigned this population.

Comparing Table 4-1 with Table 4-2, it is evident that, while the
mean fuel economies depend to a certain extent on the number of cars that
are used in the extreme parameter ranges, those mean fuel economies which
differ significantly with five cars in the extreme parameter ranges generally
differ significantly with ten cars in the extreme parameter ranges as well,
Consequently, the discussion that follows will be confined to Table 4-2. As
indicated in this table, it was found that fuel economy increases significantly
with increasing AMPD for all 24 carline classes. While this trend in the
data was anticipated, it was not expected to dominate generally over other
factors that are known to affect fuel economy also. (See discussion below.)

Occasional differences in fuel economy with respect to elevation,
precipitation, relative humidity, terrain (local slope), and zip code were

detected. For example, consider Class 24500911 which exhibits a difference

17



GM Fuel Economy Study

Table 4-1,
Harmonic Mean Fuel Economy Comparisons (N = 5)
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GM Fuel Economy Study

Table 4-1.
Harmonic Mean Fuel Economy Comparisons (N

5) (Concluded)
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GM Fuel Economy Study

Table 4-2,
Harmonic Mean Fuel Economy Comparisons (N = 10)
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Table 4-2.
Harmonic Mean Fuel Economy Comparisons (N
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= 10) (Continued)

GM Fuel Economy Study

Table 4-2.
Harmonic Mean Fuel Economy Comparisons (N
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due to terrain. For locations in which more than 80 percent of the area is
gently sloping (Slope = A), fuel economy for this class was found to be
significantly less than for locations in which less than 80 percent of the area
is gently sloping (Slope ranges from B to D). This example illustrates one
of the reasons it was decided to generate scatter plots of individual car fuel
economy versus values of each of the eight parameters under investigation
for each carline class. Such plots not only illustrate trends, but can also be
used to explain anomalous results. Such a plot for fuel economy versus the
terrain index (Slope) for carline Class 24500911 is given in Appendix B
(along with all of the other scatter plots). Note that the correlation coeffi-
cient for these data is equal to 0.1825. However, since the 95-percent
confidence interval for this coefficient (refer to the figure) contains zero,
the correlation is not significant. That is, while examining extremes in the
data may result in significant differences in mean fuel economy, the data
itself do not exhibit any significant trend.

The only carline class that did not exhibit a significant correlation
coefficient with respect to AMPD was Class 23000313 (see Appendix B).
Note, however, that this was due to a single car where fuel economy was
unusually low for the relatively high miles per day traveled.

A detailed analysis was not made of significant differences in fuel
cconomy with respect to those parameters (such as elevation) that occurred
infrequently. It was noted, however, that in all four carline classes in
which fuel economy increased significantly with increasing zip code, the
mean value for average miles per day traveled by those drivers located in
high zip code areas was substantially higher than the mean value for average
miles per day traveled by drivers located in low zip code areas.

Next to AMPD, differences in mean fuel economy with respect to
population occurred most frequently (nine carline classes, refer to
Table 4-2). In all nine cases, fuel economy in densely populated areas was
found to be significantly less than fuel economy in sparsely populated areas.

In four of these carline classes, the data exhibited a significant negative
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correlation (Appendix B), confirming the tests for differences between fuel
economies in extreme population ranges. However, in all but two of the
nine classes, it was also found that the mean value for AMPD in the densely
populated areas was substantially less than in the sparsely populated areas.
In the remaining two classes, the mean value for AMPD was actually
greater in the heavily populated areas. Both AMPD and urban versus high-
way driving conditions associated with the population density of the area in
which the car was driven have an effect on fuel economy. In order to deter-
mine whether population effects related to driving conditions are affecting
the fuel economy of the carline classes in this study, a larger data base is
required that would provide a sufficient number of cars per class so that
two-way statistical tests could be performed.

Next to population, differences in mean fuel economy with respect
to temperature occurred most frequently (seven carline classes, refer to
Table 4-2). In all seven cases, fuel economy in a warm climate was found
to be significantly greater than fuel economy in a cool climate. In all seven
carline classes, the data exhibited a significant positive correlation
(Appendix B), confirming the tests for differences between fuel economies
in extreme temperature ranges. Again, however, AMPD was consistently
higher in the warm climate areas. In four cases, the difference in AMPD
could easily account for the increased fuel economy. A larger data base is
required to determine whether it is temperature or AMPD that is the domi-
nant factor influencing fuel economy for these carline classes. It would not
be surprising to find an increase in fuel economy in a warm climate because

of the reduction in time intervals associated with engine warmup.

4.2 DIVISION AND FLEET SALES WEIGHTED MEAN FUE L
ECONOMY COMPARISONS

Division and fleet sales weighted harmonic mean fuel economies
are listed in Tables 4-3 and 4-4. These values were computed using the

formulas of Appendix C. The trends, of course, are the same as those
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exhibited by the carline classes. That is, fuel economy apparently increases
with increasing average miles per day and temperature, and decreases with
increasing population. As indicated in Section 4.1, however, further
analysis is required before it can be concluded that temperature and popula-

tion are influencing the fuel economy of these carline classes rather than

average miles per day.
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GM Fuel Economy Study

Division Sales Weighted Harmonic Mean Fuel Economy Comparisons

Table 4-3.
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GM Fuel Economy Study

Table 4-3.
Division Sales Weighted Harmonic Mean Fuel Economy Comparisons (Continued)
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GM Fuel Economy Study

Fleet Sales Weighted Harmonic Mean Fuel Economy Comparisons

Table 4-4.
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APPENDIX A

LISTING OF DATA BASE
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APPENDIX A

LISTING OF DATA BASE

This appendix contains two tables. Included in Table A-1 is a
partial listing of the original GM data supplied by the EPA Project Officer
for each car that was used in this study. The seasonal, topographical, and
geographical data that were either computed directly from data in Table A-1

or acquired from the literature are included in Table A-2.



GM Data Base Lisiing (Vehicle Data)

Table A-1.
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APPENDIX B

FUEL ECONOMY SCATTER PLOTS

This appendix contains 192 scatter plots that illustrate the variation
between fuel economy (mpg) and each of eight parameters (population, zip
code, terrain index, elevation, relative humidity, precipitation, tempera-
ture, and average miles per day) for 24 carline classes that contain at least
20 cars. These carline classes have the following parameters in common:
Division (of General Motors), Inertia Weight, CID and BBL, Transmission
Type, and Axle Ratio. (Refer to Table 2-5 for an explanation of the class
code.) Also displayed on each plot is a correlation coefficient and a 95-
percent confidence interval for that correlation coefficient.

For each class of cars, the first plot shows mpg versus population
of the city in which the driver resides. Because of the large range in popu-
lation associated with this study, those cities with populations greater than
or equal to 100,000 are shown plotted as cities with exactly 100, 000 people.
Actual populations were, of course, used in the computation of the correla-
tion coefficients and confidence intervals.

The second plot shows mpg versus the first digit of the zip code of
the driver's address. (The zip code scale includes '"'10'" due to an idiosyn-
crasy in the plotting subroutine used.)

The third plot for each class of cars shows mpg versus the terrain
index. Actually, only that portion of the terrain index was used that corre-
sponds to the local slope of the city in which the driver resides. (Refer to
Section 2 for a more detailed discussion of this factor.)

The fourth plot shows mpg versus the average elevation above sea
level of the city in which the driver resides. Elevations greater than or
equal to 5000 feet are shown plotted at 5000 feet. Actual elevations were

used in the computation of the correlation coefficients and confidence

intervals.



The fifth, sixth, and seventh plots for each class of cars show mpg
versus relative humidity, precipitation, and temperature respectively. These
weather data correspond to averages over the months of December 1974 or
June 1975 depending on whether the fuel economy data were acquired from
the low mileage winter survey or the low mileage spring-summer survey.
(Refer to Section 2 for further discussion of this factor.)

The eighth and final plot shows mpg versus miles per day averaged

over the duration of the test.
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APPENDIX C

FORMULAS FOR COMPUTING FUEL ECONOMY AND TESTING FOR
SIGNIFICANT DIFFERENCES IN FUEL ECONOMY*

Harmonic Mean Fuel Economy

HMFE = ——
mpg

where

s
mpg =7 }::1 mpe,

[

N = number of cars per class

mpg. = miles/gallon for ith car in a class

1

Test Statistic

It can be shown that the following quantity is distributed as a chi-

square with o level of confidence and one degree of freedom:

>SExtracted from Environmental Protection Agency Report No.
EPA-460/2-74-001, Appendix III.%



where

2 1 B 2
S_ = Z ( - mpg ) , J=1,2
J Njy-1 i—1 \MmPg; J
NJ = number of cars in Jth Subclass
mpg; = MPg for Jth Subclass

Sales Weighted Fuel Economy

SWMPG = Nl
M i
PRy ppu
=1 Ny 551 ™Pey;
where
mpg.. = fuel economy for the jth car in carline Class i

1)

Ni = number of cars in Class i

w. = total sales of Class i cars relative to either a division

or the entire fleet

M = number of classes in a division or the entire fleet

wnn
£
<
T
Q
1]

sales weighted harmonic mean fuel economy for a
division or the entire fleet
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GLOSSARY

AMPD average miles per day

BBL (number of carburetor barrels)
CID (engine displacement)

EPA Environmental Protection Agency
GM General Motors (Corporation)

ID identification

mpg miles per gallon
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