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Volume Conversions

_— T £r? .5, gal inp. gal liter bb1
in.? 1 5.787 x 107Y 4.329 x 1077 3.605 x 1073 0.01639 1.031 x 107"
fr3 1728 1 7.481 6.2292 28.32 0.1781
u.5. gal 231 0.1337 1 0 8327 3.785 2,381 x 1072
Imp. gal 277.4  0.1606 1.201 1 4.545 2.859 x 1072
liter 61.02 3.531 x 1072 0.2642 0.2200 i 6.29 % 1073
bbl 9702 5.615 42 34.972 158.97 1
Mass Conversions
To 1b x Short Long Metric
From (avoirdupois) g ton ton ton
1b (avoirdupois) 1 0.4536 5.0 x 10-“ 4.4643 x 107" 4.5362 x 107%
kg 2.205 3 1.1023 = 1073  9.8425 x 10-* 1.0 x 1073
Short ton 2000 907.2 1 0.8929 0.9072
Long ton 2240 1016 1.12 1 1.016
Metric ton 2205 1000 1.102 0.9842 1
Length Conversions
To cm in ft yd m mile km
From -
cm 1 0.3937 3.281 x 1072 1.0936 x 10-2 1.0 x 10-2 6.214 x 10-5 1.0 x 10-%
in. 2.54 1 8.333 x 1072 2.778 = 10-2 2.54 x 102 1.578 x 10-5 2.54 x 10-5
fr 30.48 12 1 0.333 0.3048 1.894 x 107  3.048 x 1074
yd 91.44 36 3 i 0.9144 5.682 x 10-* 9.144 x 10-%
m 100 39.37  3.281 1.0936 1 6.214 x 107% 1.0 = 10-?
mile 160,934 63,360 5280 1760 1609 1 1.609
km 100,000 39,370 3281 1093.6 1000 0.6214 1
Energy Conversions
From 1o fr-1b kg-m hp-hr ":;f;; Btu kWhr Joule
Ft-1b 1 0.1383 5.0505 x 1077 5.12 = 1077 1.285 x 1073 3.766 x 1077 1,386
kg-m 7.233 1 3.653 x 1076 3.704 = 10®  9.205 x 10-3  2.724 x 10-%  0.80665
hp-hr 1.98 x 108 2.7375 = 10% 1 1.0138 2544 0.7457 2.6845 x 108
Metric
hp-hr 1.953 x 108 270,000 0.9863 1 2510 0.7355 2.648 x 108
Btu 778.2 107.6 3.93 x 107" 3.985 = 10°% 1 2.931 x 10" 1055
kWhr 2.655 = 108 3.671 x 103 1.341 1.3596 3412 1 3.6 = 108
Joule 0.7376 0.10197 0.3725 x 10°%  0.3777 x 1076 0.9478 x 10-3 10,2778 x 1078 !

1 quad Btu = .4724 million bbl crude per day = .1724 billion barrels crude per year

Heat Content for Various Fuels

Fuel oils Natural gas
Crude 138,100 Btu/gal Liquid 95,800 Btu/gal
Residual 149,700 Btu/gal Wet 1,095 Bru/fe?
Distillate 138,700 Btu/gal Dry 1,021 Btu/ft?
Automotive gasoline 125,000 Btu/gal Coal
AVGAS 124,000 Btu/gal Anthracite 25.4 x 105 Btu/short ton
Jet fuel (kerosine) 135,000 Btu/gal Bituminous 26.2 x 108 Btu/short ton
Jet fuel (naphta) 127,500 Btu/gal Lignite 13.4 = 10®  Btu/short ton
Diesel oil (#2) 138,700 Btu/gal (Electrical generation and
distribution efficiency) 430%
Coal products Lubricants 144,405 Btu/gal
Crude light oil 130,000 Btu/gal Waxes 155,643 Btu/gal
Crude coal tar 150,000 Btu/gal Petroleum coke 143,423 Btu/gal
Crude petroleum 138,100 Btu/gal Asphalt and road oil 158,000 Btu/gal
Ethane 73,390 Btu/gal Natural gasoline and
still gas 142,286 Btu/gal cycle products 110,000 Btu/gal

1 Btu/gal = 278.7 joule/liter = 2.787 x 10° joule/m?
1 Btu/short ton = 942.0 joule/metric ton
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ABSTRACT

A study was undertaken aimed at determining the causes
of the divergences among published energy intensity values
and at preparing a set of consistent values. This volume
presents the findings in relation to the passenger trans-
portation modes. After a brief overview of the important
factors to be considered and the potential pitfalls facing
users and analysts of energy intensity values, a chapter
is devoted to each of the major means of passenger trans-
portation: air, automobile, bus, and rail. In each of
these chapters, after a critique of the available data
sources, a consistent time series of operational data and
energy intensity values is presented for the major sectors
of each mode. Engineering simulations and data analysis
are also carried out, quantifying the principal determinants
of modal energy use to facilitate modification of the cur-
rent energy intensity values to reflect changing operational
and hardware-related parameters. Finally, matrices giving
the great-circle distances and modal circuity ratios among
the 50 largest standard metropolitan statistical areas are
included to facilitate intermodal comparisomns.
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ORGANIZATION OF THE REPORT

The report is written in two parts, each of which is designed to
stand on its own. The user more interested in ready references or
quick facts will find these in the Summary section and will need to use
the actual body of the report only for clarification of specific
points. He should, however, also read Chapter 2, "The Concept of Energy
Intensity," as it contains important points on the general use and
validity of energy intensity values.

The more interested reader will find four more detailed chapters,
each of which deals with a particular form of passenger transportation
in greater detail. The major categories dealt with in the chapters
are air, automobile (including light trucks), bus, and railroad
passenger transportation systems. Each of these chapters, except that
on automobiles, in turn is subdivided into a definite hierarchical

structure:
X. A brief chapter introduction

X.1 Discussion of the intercity aspect of the transportation
form. This level of division is not necessary in the

automobile chapter.

X.1.1 Determinants of Energy Use — Engineering analyses are
carried out and data presented when available aimed at
quantifying the principal modal determinants of energy
use. These sections are primarily designed to aid in the
assessment of the impacts of changes in operational or
hardware parameters on modal energy use.

X.1.2 Development of Circuities — A short section is devoted to

*

development of passenger-mile-weighted circuity ratios

because of the importance of circuity ratios in the execution

+*
A circuity ratio is defined as the ratio between the actual modal

trip length and the great-circle (straight-line) distance between two
points.

Xix



of intermodal comparisons and assessment of the impacts of
modal shift strategies. This section is not provided in the
air chapter as all air-carrier statistics are already reported

on a great-circle mile basis.

X.1.3 Operational Data — This section presents a critique of
the available data sources, a time series of basic opera-
tional data, and a time series of calculated energy

intensity estimates.

» Data and analysis pertaining to other aspects of the

Fa e
[FL

transportation form. General aviation, school buses, and

transit operations fall into this category.

X.4 Summary Graphs and Tables — in the air and bus chapters.

The relative sizes and makeups of the sections vary considerably

from chapter to chapter as necessitated by the availability of data.

XX




SUMMARY

Although this section is designed to stand alone in conjunction
with Chapter 2, '"The Concept of Energy Intensity,'" even the casual user
should refer to the appropriate section in the report proper before
utilizing any values in calculations which are included in the appropriate
chapters of the report. The brevity of this section has dictated the
omission of many caveats, amplifying analyses, and explanations. The
following pages present the aggregate energy intensities for each of the

major forms of passenger transportation treated in the report.

Alr Passenger Transportation

From the analytical point of view, the air mode is the most
satisfying of the modes treated in the report. Large volumes of high-
quality data available from the Civil Aeronautics Board are readily
analysed to yield quantitative insights into the operations of the

certificated air carriers.
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Fig. S.1. Certificated Route Air Carrier Energy Intensity in
Btu Per Passenger-mile, 1971-1977, Normalized to 1971 Values.
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S-2

Table S.1. Certificated Air Carrier Energy Intensity, 1971-77

Domestic International Total

% load % load % load

Btu/PM factor Btu/PM factor Btu/PM factor
1971 8920 48.6 6540 56.6 8290 50.5
1972 8130 52+:6 6080 60.3 7590 54.5
1973 8200 52.2 6020 58.4 7650 53.6
1974 7240 55.9 5630 56.8 6870 56.1
1975 7180 55.0 5860 54.4 6870 54.9
1976a 6760 56,2 5230 58.6 6440 56 .7
1977 6580 56.6 5070 59.9 6260 572

“Based on data for first three quarters.

Source: National Archives and Records Service, Machine Readable
Archives Division, CAB Form 41 Schedule T-2, Washington,
D.C., 1970-1977.
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PERCENT IMPROVEMENT

5-3

The outstanding feature of certificated air carrier operations has
been the close to 30% increase in passenger miles flow between 1971
and 1976, which was accompanied by a decrease of equal magnitude in
energy intensity. Besides increased load factors and the use of more
efficient aircraft types, improved maintenance and more efficient
operating procedures played a substantial role in achieving this decrease
in intensity.

As a proxy for other factors, the flight stage length may be thought
of as the single most important determinant of aircraft energy intensity.
With decreasing flight stage lengths, one may expect to find decreased
efficiency of the aircraft, use of smaller, less efficient aircraft,

stronger effects of operational inefficiencies, and decreased load factors.
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Automobile Transportation

When dealing with automobile energy intensities on the aggregate
operational level, the user and analyst alike are confronted with a
continuous series of data deficiencies and gaps. All the values shown

in the graph below are subject to well-founded doubts. The FHWA
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estimates are based on state estimates of vehicle miles traveled, which
may contain substantial errors, while the EPA certification tests have
been diverging more each year from the actual on-road fuel economies
experienced.

Because of the increasing divergence of the EPA estimates, several
studies have been undertaken to quantify these divergences and to
determine their causes. One such study developed a series of regression
equations which may be used to correct the EPA values to correspond more

closely to actual on-road performance.

Table S.2. Regression Equations
Relating EPA Certification (x)
to Actual On-Road Fuel
Economies (y)

Model year Regression equation
1974 y = 0.65x + 4.38
1975 . y = 0.8lx + 1.63
1976 ¥y = 0.74x + 2,32
1977 y = 0.652 + 2.98

Source: McNutt, B. D., et al., A Com-
parison of Fuel Economy Results from EPA
Tests and Actual In-Use Experience, 1374-1977
Model Year Cars, U.S. Department of Energy,
Washington, D.C., February 1978.

These regression equations yield correction factors of 0.5, 1.3,
2.3, and 3.5 mpg for model year 1974-77 cars, respectively, for the
EPA sales-weighted fuel economy. This and other related data make it
possible to estimate automobile energy intensities in both urban and
intercity driving enviromments. The interested reader is referred to
Section 4.3 of the report for the results,

In contrast to the lack of aggregate operational data, large

quantities of information are available on the disaggregate influences
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Table S.3. Energy Use Effects of Popular Options

Approximate change in

Option fuel economy
Air conditioning -13%
Automatic¢c transmission -14 to 15.5%
Power steering 21%
Radial tires +2-2.5%
V-8 engine -18.5%

of various operational and engineering parameters on automotive fuel
economy. In addition to the effects of options the following are

of general interest:
¢ A 10% change in gross vehicle weight will result in roughly a 4%
change in fuel economy if all other factors remain unchanged.

® A 10% reduction in aerodynamic drag will yield a 2 to 3% improve-

ment in fuel economy.

® - Necessary engine maintenance will yield, on the average, close to

a 5% improvement in fuel economy.

® Short trip lengths are associated with severe fuel economy penalties
due to insufficient engine warm-up. At 70°F these may exceed 40%

for trips under two miles.

Bus Transportation

Buses combine the flexibility of the automobile with the inherent
efficiencies of operating larger capacity vehicles. Buses are also the
most widely available public form of transportation, connecting virtually
all major cities in regular scheduled service in addition to providing
transit services in over 1000 cities.

Intercity buses are currently the most energy efficient mode of
transportation available, operating at less than half the energy intensity

of other intercity passenger modes.
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The principal determinant of bus energy intensity is the number of
passengers carried on board; because of their size buses are relatively
insensitive to increases in weight through additional locading. At
normal cruising speeds, aerodynamic drag dominates strongly, with roll-
ing resistance and accessories using roughly equal amounts of energy. A
recent study performed by the Department of Transportation has shown
some rather counterintuitive results on the interactions of terrain and
cruising speed. On flat terrain, an increase in cruising speed from
50 to 60 mph results in an increase in energy use. However, over roll-
ing terrain, no fuel use penalty is associated with the same increase
in speed, and over hilly terrain with no long grades, energy use actually

decreases when the cruising speed is raised to 60 mph.

Rail Passenger Transportation

Rail systems, in theory at least, possess the lowest energy inten-
sity of all transportation modes. In practice, however, they are
operating at values ciose to an order of magnitude higher than this
theoretically possible minimum because of a combination of several factors,

the strongest being that:

® Transit rail systems are faced with a highly peaked demand curve,

resulting in low overall load factors.

® Intercity rail consists (i.e., assembled trains) contain a signifi-
cant number of low- or zerco-density cars {sleepers, dining cars,
etc.). These cars contribute substantially to the overall energy

use yet carry few passengers.
® There is little demand for intercity rail service.

® Intercity rail circuities are very high when compared to those of

other modes.
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Table S.4. Summary of Bus Energy Intensities, 1970-1977

Trolley Transit School Intercity buses
coaches buses buses

(Btu/VMT)  (Btu/VMT)?  (Btu/WMT)  (Btu/WMT)% (Btu/Pi)?

i970 49,300 32,500 17,710 NA NA
1871 52,100 30,420 17,710 NA NA
1872 50,800 30,540 16,820 22,850 1,050
1973 41,200 30,800 16,820 22,840 1,020
1974 NA 31,520 16,850 22,300 960
1975 44,300 33,750 16,960 22,280 990
1976 NA 34,600 16,890 22,620 1,010
1977 NA 35,100 22,850 980

NA — no available.
aLarge system-to-system variations exist within this category.

bThese values are calculated on a route-mile basis. For pur-
poses of intermodal comparisons they should be multiplied by a cir-
cuity factor of 1.114 to convert them to a great-circle-mile basis.

Sources: American Bus Association, American's Number 1 Pas-
senger Transportation Service, Washington, D.C., 1977, supplemented
with private communications with the American Bus Associatiom;
American Public Transit Association, Transit Faet Book, '76-'77
ed., Washington, D.C., June 1977,
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Table S.5. Summary of Rail Energy Intensities,
1972-1977

Rail transit Commuter
Year rail
(Rtu/\M)  (Btu/PM}?T  (Btu/PM)

Amtrak
b (Btu/PM)C

1972 66,090 2,540 4,680 4,110
1973 60,460 2,480 4,710 3,590
1974 65,170 2,830 4,400 3,050
1975 67,100 2,960 3,900 3,410
1976 68,240 2,960 3,500 3,230
1977 68,350 2,700 3,790 3,410

aThe values are estimated based on the
assumption that the average trip length of 6.82
miles as estimated for 1975 holds for other
years.,

bIncludes a small number of intercity
cperations.

e
The values are based on route-passenger-
miles. For intermodal comparisons they should
be multiplied by the lower-bound passenger-
mile weighted circuity ratio of 1.325 to yield
great-circle-mile energy intensity values.

Source: American Public Transit Associa-
tion, Transit Faei Book, '77-'78 ed., Washington,
D.C., 1978; Association of American Railroads,
Statistics of Railroads of Class I, Years 1967
to 1877, Washington, D.C., September 1978;
National Railroad Passenger Corporation, Annual
Report to the Interstate Commerce Commission,
Washington, D.C., 1972-1977; Stanford Research
Institute, Energy Study of Rail Passenger Trans-
portation, Volume 2: Description of Operating
System, Menlo Park, Calif., August 1977.



1. INTRODUCTION

It is often stated and generally accepted that the United States is
currently in an undesirable situation caused by the dilemma of increasing
energy demand and dwindling energy supplies. The gravity of the situation
is further compounded by the fact that in 1976 the U.S. produced only
80.7% of its energy needs and only 49.2% of its petroleum-derived energy,
thus making the country susceptible to undesirable foreign political and
economic pressures.

The importance of the transportation sector and its subsectors with
their near 100% reliance on petroleum as an energy source is illustrated
in Fig. 1.1. Clearly, any reduction in energy consumption which can be
realized in the transportation sector will contribute substantially toward
the alleviation of the U.S. energy problem. Developing a comprehensive
and effective strategy for realizing the energy-conservation potential of
the transportation sector requires a great deal of base data and a thorough
understanding of the determinants of energy use. The author hopes that
the data and analyses presented in this publication will contribute to the
further understanding of transportation energy use. Any questions and

comments should be addressed to:

Axel Rose

Data Management and Analysis Group
Oak Ridge National Laboratory

P.0. Box X

Oak Ridge, Tennessee 37830
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2. THE CONCEPT OF ENERGY INTENSITY

In theory at least, the concept of energy intemsity is readily

defined as the energy use per unit productive output.

L Energy Use
I Productive Output

EI = Energy Intensity

2

and

1
Energy Intensity

Energy Efficiency

However, no matter how simple the concept may seem initially, it
has given rise to a plethora of widely divergent estimates of the respec-
tive values for the various transportation modes. The values shown in
Tables 2.1 and 2.2 by no means encompass the universe of published
estimates but rather a small subset of all values readily assembled to
illustrate the variety of estimates. In view of the wide divergence of
the values and the large possible errors which can be incurred by the
use of inapplicable values, some of the major causes of this divergence

deserve examination;:

1. Energy intensity values are time-variant and implicitly
contain certain modal operating characteristics such as
the amount of empty batkhaul or the fleet vehicle mix,
etc. An EI value based on 1972 operational data may be
widely different from a value calculated from 1976 data
by the same procedures if any one of a number of modal

operating characteristics changed.

2. The energy-use term is actually a summation of energies
used for cruising, acceleration, idling, consist forma-
tion, heating, lighting, construction, etc. Many investi-
gators have included different subsets of these energies,

giving rise to further variations in the resultant EI

2-1
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Table 2.1. Variations of Energy Intensity Estimates
for Urban Passenger Transportation Modes

Per passenger-mile Per seat-mile
(Btu/PM) (%) (Btu/sM) (%)
Auto
Compact 32204748 47.5 1187-1660 39.8
Average 47919500 98.3 14472799 93.4
Bus
Urban Transit 15333700 141.4 375-771 105.6
Van 26703593 34.6 11301600 41.6
School 7581100 45.1 300410 36.7
Rail
Commuter 11304310 281.4 452-1320 192.0
Rapid Transit 2133-4666 118.8 770—-1400 81.8
Trolley 25214080 61.8 8661400 61.7

“The maximum error which could be incurred (expressed as
percent of the truc value) if any value within the range
may be used and the true value also falls within the

range. This worst case error given by (h — 1) x 100
— .

Table 2.2. Variations of Energy Intensity Estimates
for Intercity Passenger Transportation Modes

Per passenger-mile Per seat-mile
Mode Range ﬂiﬁiﬁﬁ? Range %ﬁiiﬂﬁ?
(Btu/PM) ) (Btu/SM) (%)
Auto
Compact 1900-2738 44 .1 958-1352 41.1
Average 24007600 216.7 11673976 69.3
Bus 11001778 6l.6 308—645 109.4
Rail
Cross Country 9243852 316.9 352-1000 184.1
Metroliner 18003650 102.8 436—1850 324.3
Commuter 13873186 129.7 6931308 88.7
Aircraft
Wide bhody 48276136 27.1 19854090 106.0
Average 562590642 71.4 2596~6136 i36.4

“The maximum error which could be incurred (expressed as
percent of the true value) if any value within the range
may be used and the true value also falls into the range.

This worst case error is given by (h — 1) 100
— .
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values. Further complications arise from the fact that,
in many estimates, it is not explicitly stated which

enegrgies are included and which are not.

3. Energy-use values are commonly reported in gallomns of
fuel or kWh of electricity. In transforming these units
to Btu, varying assumptions concerning the heat values
of fuels and the electrical generation and transmission
efficiencies have been made. Again, these assumptions

have not always been properly documented.

4. EI values are highly sensitive to any assumptions
concerning load factors or available seat miles.
Although relatively few hard data are available
in this area, investigators have in the past been
reluctant to place their estimates on a vehicle-mile
basis (for which data are generally available). Thus,
a large portion of the divergence of estimates may be
attributed to differing assumptions concerning the

output of the transportation modes. "

5. EI estimates have been made for a large number of
different levels of aggregation ranging from individual
vehicles to systems to gross modal values. Large
variations in energy intensity will exist in any given
mode, yet the aggregation or coverage level has not

always been specified.

These pitfalls facing investigators and users of energy intensity
values should be kept in mind during the following discussion of results.

The differentiation of intermodal and intramodal energy intensity values

*
No mention of the difference between route and great-circle miles has

been made, as great-circle miles have been used in only a small number
of studies. See pages 2-6 and B-1 for a further description of this
output measure.
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is readily made on the basis of their intended use. Each of these types
is briefly discussed in following sections in relation to how the data in

this publication are intended to be used.

2.1. Intramodal Energy Intensity Values

These values may be characterized operationally as energy intensity
values which are never to be used for intermodal comparisons. They are
not normalized to account for intermodal differences and are generally
calculated as the simple ratio of modal energy use to modal services
produced. Their primary uses lie in the study of the energy-related
behavior of a transportation mode and in the forecasting of modal energy
use, given a specific level of demand. The main requirements of intramodal

EI values are that:

1. A consistent time series of data should be available,
generally for several levels of aggregation inside a

given mode,

2. The aggregate EI value should cover thé activities of
the mode as fully as possible. EI estimates based, for
example, on a 30% sample of the modal activity are of
relatively little value and should be avoided wherever

possible.*

3. A breakdown cof the components in the EI value is
desirable to provide insight into the modal determinants
of energy use. This breakdown becomes particularly im-
portant when evaluating the conservation potential of

various strategies,

*

Obviously, a scientifically designed and statistically sound sample of this
size will yield excellent results. However, very few such surveys are
available,
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A particular word of caution aimed at the user of EI values in
forecasts is warranted if they are to yield realistic estimates of future
modal energy demands. A change in the total travel demand for a given
transportation mode will generally have differing effects on demands
within the various subsectors of the mode. When such changes occur, the
EI value of the base year is no longer applicable and must be recalculated
on the basis of the new mix of activities inside the mode and any changes
in efficiency that might have occurred.

Keeping these factors in mind, the data in this publication were

organized and calculated in the following manner:

1. All ET values were calculated from operational data for
the given years, and it is explicitly stated whenever the
values presented are estimates based on less than full

coverage of the modal activities.

2. The complete time series of data from 1970 to 1977 is

given wherever possible.

3. All values presented are based on the energies directly
associated with and necessary for vehicle movement. In
particular, this includes energy used in vehicle propul-
sion, idling, environmental control inside the vehicle,
empty vehicle shuttling, and, in the case of railroads,

energy used in assembling the train consists,

4. The fuel-heat values and conversion factors given in

Appendix D were used throughout.

5. Estimates of the reliability of the source data are

given wherever possible,

6. Only the line-haul portions of modal energy use are
covered. Any energies used in access and egress by the
traveler, which may be substantial portions of the total

for the shorter trip lengths, are not included.
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2.2. Intermodal Energy Intensity Values

In general, these are energy intensity values used for evaluating the
desirability and consequences of potential modal shifts of passenger
travel. In the ideal case, before any fair intermodal comparisons may
be made, the data should be normalized for travel time, quality of
service, and modal circuities. Even though it is not possible to nor-
malize the data for the first two factors quantitatively, the user should
be very aware that there are considerable differences in travel time
and the comfort levels betwecen a sleeper compartment on a train and the
economy class cabin of an intercontinental jet. The differences have
significant impacts on the energies used and are implicitly contained
in all EI values.

It is possible to normalize for the different route lengths by
various modes through the use of a circuity factor which is defined as
the ratio of the route distance to the great-circle distance between
two points (or series of points). These circuity ratios are based on
the concept that the net useful output of an intercity transportation
mode is the movement of passengers from point A to point B, irrespective
of the distances that the various modes had to cdver in moving the
passengers from A to B,

In view of these complicating factors, it is desirable to set down
some basic guidelines which should be followed in making all intermodal

energy intensity comparisons.,

1. All comparisons should be made on the basis of great-

circle miles covered.

2. As not all aspects of any two modes compete with each
other, no comparisons should be made at the aggregate
modal level. Only the EI values for the competitive

segments and trip lengths should be compared.

3. The user should be aware that the resulting comparisons
are still "unfair" in the sense that quality, speed, and

cost of service have not been accounted for.



2.3. Indirect Energy Consumption

One final factor not treated in the body of the report should be
mentioned. The energy used by the supporting infrastructures and
operational facilities of the transportation modes consume considerable
amounts of energy, both in absolute and relative measures. Lxamples
of these indirect energy uses are energies expended in the manufacture
of the vehicles, the construction of the necessary facilities (highway,
airports, etc), and the maintenance and upgrading of the systems. At
present, no precise definitions or quantifications of these energies
are available. However, because of their importance, estimates of
these energies, as derived by the TECNET medeling system, are given in
Table 2.3.

Table 2.3. Indirect Energy Use as Percent
of Direct Energy Use by Mode, 1977

lndirect,
Air 63.2
Automobile 37.9
Bus 100.0
Marine 85.7
Pipeline 7.1
Rail 116.7
Truck 42,9

Total 42.0

Source: R. M. Doggett et al.,
Further Development and Use of the Trans-
portation Energy Conservation Network
(TECNET}, Final Report, McLean, Va., 1978,



3. AIR PASSENGER TRANSPORTATION

The air transportation mode is in a unique position in relation to
other intercity passenger transportation modes in that, at present, it
represents the only viable alternative for the long distance traveler
who places a high premium on time. In view of this advantage it is not
surprising to find that in 1976 over 43% of air trips were for business
reasons and that close to 60% of all air-carrier passenger-miles were
generated on trips of over 1000 miles (Table 3.1). This advantage is
also reflected in the strong showing of the Supplemental and Certified
air carrier statistics in terms of all intercity passenger transportation.
For the purposes of Table 3.1, intercity passenger transportation was
defined as return trips to a place at least 100 miles away (including

circuity).

Table 3.1. Air Carrier? Percent of All Intercity Passenger
Transportation Statistics, 1976

All intercity All intercity
common carriers passenger movements
Great circle® vehicle miles 66 2
Great circle® passenger miles 89 39
Energy use 97 56

a . o .
Certification route and supplemental.
General aviation statistics were left out because of lack of data.

e . . . .
The great-circle distance is the shortest distance between two
points.

Source: U.S. Travel Data Center, 1976 National Iravel Survey, Full
Year Report, Washington, D.C., 1977. National Archives and Records
Service, Machine Readable Archives Division, CAB Form 41 Schedule
T-2, Washington, D.C., 1970-1977; American Bus Association, America's
Number 1 Passenger Transportation Service, Washington, D.C., 1977;
Association of American Railraods, Statistics of Railroads of Class I;
Years 1967 to 1977, Washington, D.C., 1978; Civil Aeronautics Boards,

Handbook of Airline Statistics, Supplement, Washington, D.C., December
1977.

3-1
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3.1 Certificated Route Air Carriers

The air mode is utterly dominated by the activities of the certifi-
cated route air carriers, in terms of passenger transportation services
rendered. In terms of the values given in Table 3,1 the certificated
carriers accounted for 98, 97, and 98% of the vehicle miles, passenger
miles, and energy use, respectively, for the air mode. As impressive as
these statistics are in their own right, two additional factors lend

them even greater importance.

* The air carrier market share has been experiencing a
steady increase over the past years and virtually all

projections predict even larger increases in the future.

* The air mode is beginning to penetrate significantly
into the shorter-trip-length segment of the market
while maintaining its traditional dominance over

the longer distances.

Before delving into the available material on the air mode, the
analyst should be aware that a substantial number of air trips are over
rather short distances rather than the transcontinental movements
generally associated with the air mode. In 1975 38.8% of all domestic
air passengers boarded aircraft for trip lengths of less than 500 miles,
even though only 23.0% of the city pairs served by certificated route
air carriers fell into this distance interval. A possible explanation
for this difference can be found in the relative proximity of many of the
large population and commercial centers in the country.

The data given and Fig. 3.1 displays the counterintuitively low
passenger trip length distribution for the 59,403 city-pairs which the
certificated route air carriers served in 1975. Tables displaying the
disaggregate data for the leading city-pairs and the source data for

the figure are given in Appendix C.
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3.1.1 Determinants of Energy Use

Due to the wealth of data available on air carrier operations,
virtually all analysis in the chapter is carried out in the section dealing
with operational data, and this section is limited to a brief discussion of
the effects on stage length. Decreasing flight stage lengths will have
adverse affects on aircraft energy efficiency through the following

interactions (Table 3.2, Figs. 3.2-3.4):

1. The overall efficiency of the aircraft decreases. The percentage
of the fuel used for taxiing, idling, climb-out and approaches,
which does not directly contribute to the movement of passengers,

increases rapidly with decreasing stage lengths.

2. The large, more efficient, aircraft are not directly suitable for

service over short stage lengths.

3. Load factors tend to decrease sharply with shorter stage lengths
as the frequency of service increases in order to keep air

travel competitive with other transporation -modes.
A detailed analysis of the operational data aimed at segregating efficiency
improvements resulting from increased load factors and more efficient

aircraft operations by aircraft class is given on pages 3.8-3.18.

3.1.2 Operational data

In view of the importance of flight stage length and other service
characteristics on energy intensity, it is desirable to split the data
available on certificated route air carriers into several categories
based on service characteristics. Data in this section are reported

for the following carrier and service categories.

1. International/territorial operations. Those operations between

the 50 states and foreign points and U.S. possessions or

territories and operations between foreign points.
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Flight Stage Length, 1976.

Source: Civil Aeronautics Board, Handbook

of Airline Statistics, Supplement, Washington, D.C., December 1977.
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Table 3.2. Distribution of Air Carrier Service vs Flight Stage Length, 1976

Aircraft Average
Passengers Revenue passenger Available revenue Passenger passengers
Mileage transported miles seat miles departures load factor transported
blocks (10%) (%) (10%) (%) (10%) (%) (103 (%) (%) per departure

0-200 66.8 26.6 8.2 5.7 17.4 6.7 1,744.0 38.6 47.2 38.3
201-400 66.5 26.5 18.9 13.0 35,0 13.4 1,169.2 25.9 53.9 56.9
401-600 36.1 14.4 17.6 12.1 31.1 11.9 550.1 12.2 56.6 65.5
601-800 22,7 9.0 15.7 10.8 27.1 10.4 331.0 7.3 57.8 68.5
801-1000 16.6 6.6 14.9 10.2 25.8 9.9 227.1 5.0 57.8 73.3
1001-1200 12.3 4.9 13.4 9.2 24.3 9.3 166.6 3.7 55.0 73.7
1201-1400 6.0 2.4 7.7 5.3 13,7 5.2 79.1 1.8 56.6 75.2
1401-1600 5.8 2.3 8.6 5.9 15.9 6.1 71.7 1.6 54.4 81.0
1601-1800 5.3 2.1 9.1 6.3 16.4 6.3 60.5 1.3 54.4 87.7
1801-2000 2.8 1.1 5.2 3.6 9.2 3.5 33.8 0.7 56.3 81.7
2001-2200 1.4 0.6 3.0 2.1 5.2 2.0 15.4 0.3 57.2 91.1
2201-2400 2,2 0.9 5.1 3.5 9.1 3.5 17.4 0.4 55.9 124.,3
2401-2600 5.0 2.0 12.6 8.7 22.2 8.5 4.4 1.0 56.9 113.0
2601-2800 1.1 0.4 2.8 1.9 4.8 1.8 7.2 0.2 58.1 145.6
2801-3000 .1 0.1 0.4 0.3 0.8 0.3 0.7 a 54,0 196,5
3001 plus 0.5 0.2 2.1 1.4 3.1 1.2 2.3 0.1 67.4 215.9

“Less than 0.05 percent.

Source: Civil Aeronautics Board, Handbook of Airiine Statistics, Supplement, Washington, D.C.,
December 1977.

L-%
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2. Domestic trunk operations. Trunk air carriers are the

large airlines serving primarily the large communities.
Their operations cover virtually the entire spectrum of

equipment and service characteristics.

3. Local service carriers. Those air carriers operating routes

of lesser density between smaller traffic centers and
between those and principal centers. These carriers operate

2-engine turbofan jets or smaller aircraft over shorter stage

lengths.

4. Other carriers. Included in this category are intra-Alaskan

and Hawaiian carriers and miscellaneous other carriers serving
specialized routes. A large portion of these operations are

carried out utilizing smaller aircraft.

The source of prime data on certificated route air carriers is the
Civil Aeronautics Board, which, in conjunction with the performance of
its regulatory functions, collects a great deal of high quality data
covering all facets of the carriers operations. All data presented in
this section are derived directly from the CAB data tapes distributed by
the National Archives and Records Service. The fuel used in carrying
belly freight on passenger flights-was subtracted out by approximating
the incremental fuel used per ton-mile for the aircraft types. Included
in the statistics are the passengers carried by carriers in their
scheduled and nonscheduled operations. Table 3.3 summaries the time
series of data presented in Tables 3.4-3.15 and Figs. 3.5-3.10.

The time series of energy intensity data presented in Table 3.3
makes it evident that air passenger transportation has experienced signifi-
cant increases in fuel efficiency on a passenger-mile basis. The CAB
disaggregate data sets by aircraft type and class make differentiation
possible between fuel efficiency improvements resulting from increased

load factors and improvements resulting from more fuel-efficient operations

S U S
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Table 3.3. Summary of Certificated Air Carrier
Energy Intensity 1971-1976

Domestic International Composite

1971

Btu/pm 8920 6540 8290

Btu/sm 4330 3700 4180

% load factor 48.6 56.6 50.5
1672

Btu/pm 8130 6080 7590

Btu/sm 4280 3670 4130

% load factor 52.6 60.3 54.5
1973

Btu/pm 8200 6020 7650

Btu/sm 4280 3520 4100

% load factor 52.2 58.4 53.6
1974

Btu/pm 7240 5630 6870

Btu/sm 4050 3200 3860

% load factor 55.9 56.8 56.1
1975

Btu/pm 7180 5730 6870

Btu/sm 3950 2120 3770

% load factor 55.0 54.4 54.9
1976

Btu/pm 6760 5230 6440

Btu/sm 3800 3060 3650

% load factor 56.2 58.6 56.7
19774

Btu/pm 6580 5070 6260

Btu/sm 3720 3040 3590

% load factor 58.6 59.9 57.2

%Data for first 3 quarters only.

Source: National ARchives and Records Service, Machine Readable
Archives Division, CAB Form 41 Schedule T-2, Washington, D.C., 1970-1977.
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Table 3.4. Certificated Air Carrier Operating Statistics and Energy Intensities, by Carrier Type, 1971

Portion of EI due

Aircraft- Jet fuel Passenger- Passenger Mean Passenger i

miles consumed miles load factor stage length  energy intensity o ::::g::)slue
(10%) (105 gal) (10%) %) (miles) (Btu/PM) P RS
Domestic carriers 1,934 7,315 110.10 48.6 8,920 1.7
Domestic trunks 1,672 6,626 101.03 48.8 8,800 1.6
Big four 1,073 4,204 64.45 9.7 8,750 1.4
Others 600 2,422 36.58 7.3 8,880 L.9
Local carriers 246 621 8.09 45.6 10,310 1.8
Other domestic carriers 25 67 0.94 50.7 9,440 5:3
International carriers 379 1,940 39.64 56.6 6,540 2.8
Passenger carriers, total 2,322 9,256 149.70 50.5 8,290 1.9

Source: National Archives and Records Service, Machine Readable Archives Division, CAE Form 41 Sehedule T-2, Washington, D.C.,
1970 to 1977.

Table 3.5. Certificated Air Carrier Operating Statistics and Energy Intensities, by Aircraft Category, 1971

P ifi i iers” i El due
ercent of all certificated air carriers Passenger Passenger Portion of d
to nonrevenue

Aircraft- Fuel Passenger- l°ad(_i"]’“" "-“efl?gt;%:l]\ﬁlty operations
miles consumed miles (%)
Long-haul aircraft 45.9 55.8 58.7 49.6 7,920 2.0
Four-engine narrow-body jet 39.2 43.1 44,0 52.8 8,170 2k
Turbofan 30.4 32.1 35.8 53.6 7,470 2.2
Turbojet 8.8 11.0 8.2 49.4 11,200 1.7
Wide-body jet 6.6 12.7 14.7 42.0 7,160 1.7
Three-engine 0.08 4 0.2 50.8 6,440 10.1
Four-engine 6.6 12.5 14.5 41.9 7,170 1.6
Three-engine narrow-body 29.5 26.9 25.9 52.0 8,700 L5
Short-haul aircraft 24.4 17.0 15.2 51.6 8,970 1.9
Propellor 5.2 2 1.7 46.0 10,560 2.7
Piston 0.4 il D.001 44.7 10,430 5.7
Turboprop 4.8 2.1 1.6 46.1 10,560 2.5
Two-engine narrow-body jet 19.1 14.8 13.5 52.4 8,770 1.7
Helicopters 0,06 0.02 0.006 36.8 26,690 3.8

“Values will not sum to 100% exactly because only passenger cabin configurations were considered.

Source: National Archives and Records Service, Machine Readable Archives Division, CAB Form 41 Schedule T-2, Washington,
D.C., 1970-1977.
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Table 3.6. Certificated Air Carrier Operating Statistics and Encrgy Intensities, by Carrier Type, 1972

Portion of El duc

Aircraft- Jet fuel Passenger- Passenger Mean Passenger
miles consumed miles load factor  stage length  energy intensity tg Ei::?:ﬁzlle
(108) (10 gal) (10%) ) (miles) (Btu/PM) P o

Domestic carriers 1,954 7,386 121.82 52.6 8,130 1.6

Domestic trunks 1,674 6,663 111.63 52.9 8,000 1.6

Big four 1,065 4,281 71.75 54.4 8,000 1.5

Others 609 2,383 39.88 50.4 7,990 1.7

Local carriers 254 651 9,11 49 .4 9,580 1.9

Other domestic carriers 25T 71 1.08 52.4 8,750 4.6

International carriers 378 1,977 43.42 00,3 6,080 2.5

Passenger carriers, total 2,332 9,366 165.24 54,5 7,590 1.8

Source: National Archives and Records Service, Machine Readable Archives Division, CAZ Form 41 Schedule , Washington, D.C.,

1970 to 1977.
Table 3.7. Certificated Air Carrier Operating Statistics and Lnergy Intensities, by Aircraft Category, 1972
Percent of all certificated air carriers’ Portion of EI due
Passenger Passenger
3 i to nonrevenue
. load factor energy intensity i
Aircraft- Fuel Passenger- a operations

z 3 (%) (Btu/PM) "
miles consumed miles (%)
Long-haul aircraft 44.9 55.6 59.3 53.9 7,130 .9
Four-engine narrow-body jet 3.9 38.0 38.0 56.9 7,620 2.1
Turbofan 27.8 29.3 31.7 57.8 7,050 2.1
Turbojet 7.1 8.7 6.3 53.1 10,440 1.8
Wide-body jet 10.1 17.6 21.3 49,2 6,260 1.6
Three-engine 2.5 3.0 3.4 46.6 6,680 2.2
Four-engine 7.8 14.7 17.9 49.7 6,180 1.3
Three-engine narrow-body 30.3 27.7 25.5 55.7 8,250 135
Short-haul aircraft 24.7 16.4 15.2 54.8 8,260 1.9
Propellor 5.0 2:1 1.6 48.9 9,960 2.6
Piston 0.5 0.1 0.1 46.2 10,290 4.9
Turbhoprop 4.5 2.0 1.5 49,1 9,940 2.4
Two-engine narrow-body jet 19.7 13.5 13.6 55.6 8,000 1.7
Helicopters 0,06 0.02 0.006 43.9 23,370 2.8

a . ; i 3 i
Values will not sum to 100% exactly because only passenger cabin configurations were considered.

Source: National Archives and Records Service, Machine Readable Archives Division, CAB Form 41 Schedule T-2, Washington,
D.C., 1970-1977.
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Table 3.8. Certificated Air Carrier Operating Statistics and Energy Intensities, by Carrier Type, 1973

Portion of EI due

Aircraft- Jet fuel Passenger- Passenger Mean Passenger ¢
miles consumed miles load factor stage length energy intensity : ggn:gzﬁnue
(108) (105 gal) (10%) (%) (miles) {Btu/PM) P ?%; s

Domestic carriers 2,018 7,999 130.72 52.2 427 8,200 1.7
Domestic trunks 1,713 7,180 119.29 52.4 577 8,070 1.6
Big four 1,065 4,338 74.56 54.3 NA 7,810 1.5
Others 643 2,842 44.74 49.6 NA 8,510 1.9
Local carriers 275 728 10.07 48.9 177 9,690 1.8
Other domestic carriers 30 91 1.35 55.5 144 9,000 4.8
International carriers 379 1,980 43.90 58.4 1,243 6,020 2.8
Passenger carriers, total 2,397 9,980 174,63 53.6 477 7,650 1.9

NA — Not available.

Source: National Archives and Records Service, Machine Readable Archives Division, CAB Form 41 Schedule T-2, Washington, D.C.,
1870 to 1977.

Table 3.9, Certificated Air Carrier Operating Statistics and Energy Intensities, by Aircraft Category, 1973

percent of all certificated air carriers® Portion of ET due
Passenger Passenger
R : to nonrevenue
. - load factor energy intensity .
Aircraft- Fuel Passenger- ) (Btu/PM) operations

miles consumed miles (%)
Long-haul aircraft 43.5 54.6 59.0 52.9 7,070 2.1
Four-engine narrow-body jet 30.2 32.6 32.9 58.0 7,590 2.3
Turbofan 25.0 26.2 28.3 58.6 7,080 2.3
Turbojet 5.2 6.4 4.6 54.9 10,760 2.1
Wide-body jet 13.4 22,0 26.1 47.6 6,420 1.6
Three-engine 5.5 7.4 7.7 44 .4 7,290 1.9
Four-engine 8.0 14.6 18.4 49.1 6,050 1.4

Three-engine narrow-body 32.0 28.8 26.2 55.0 8,450 1.6 -
Short-haul aircraft 24.5 16.5 14.8 54.2 8,570 1.9
Propellor 4.7 2.1 1.5 49.7 10,2590 2.8
Piston 0.4 0.1 0.07 45,9 10,530 5.9
Turboprop 4.3 2.0 1.5 49.8 10,280 2.5
Two-engine narrow-body jet 19.8 14.5 13.2 54.8 8,370 1.6
Helicopters 0.06 0.02 0.006 43.6 23,840 3.0

“yalues will not sum to 100% exactly because only passenger cabin configurations were considered.

Source: National Archives and Records Service, Machine Readable Archives Division, CAB Form 41 Schedule T-2, Washington,
D.C., 1970-1977.
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Certificated Air Carrier Operating Statistics and Energy Intensities, by Carrier Type, 1974

Portion of EI due

Aircraft- Jet fuel Passenger- Passenger Mean Passenger
F 2 v 5 to nonrevenue

miles consumed miles load factor  stage length energy intensity Wobrarions

(10%) (106 gal) (10%) (%) (miles) [Btu/PM) J o)
Domestic carriers 1,869 7,233 133.72 55.9 427 7,240 .2
Domestic trunks 1,568 6,424 121.36 56.2 582 7,000 .1
Big four 986 3,957 T6h.60 58.1 NA 6,930 .
Others 582 2,465 44.7 53.3 NA 7,300 2
Local carriers 269 720 11.03 52.8 183 8,760 L3
Other domestic carriers 30 86 1.32 55.2 159 8,670 i
International carriers 339 L7112 40,46 56.8 1,293 5,630 3
Passenger carriers, total 2,208 8,945 174,19 56.1 478 6,870 .4

NA — Not available.

Source:
1970 to 1977.

National Archives and Records Service, Machinc Readable Archives Division, (48 Form 41 5

hedule T-2, Washington, D.C.

Table 3.11. Certificated Air Carrier Operating Statistics and Energy Intensities, hy Aircraft Category, 1974

Percent of all certificated air carriers” i Portion of LI due
Passenger Passenger :
¢ i to nonrevenue
A E load factor energy intensity ds
Aircraft- Fuel Passenger- 4 3 operations
5 detle (%) (Btu/IM) “
miles consumed miles ()
Long-haul aircraft 40.8 51.9 56.5 54.5 6,290 1.6
Four-engine narrow-body jet 25.4 27.2 28.0 50.9 6,680 1.7
Turhofan 23.4 24.6 26.0 59.9 6,510 1.7
Turhojet 2.0 2.6 2.0 58.8 8,990 2.4
Wide-body jet 15.4 24.7 28.6 50.2 5,910 1.4
Three-engine 8.3 11.4 13.5 49.5 6,390 1.3
Four-engine Fal 13.3 16.3 50.8 5,560 1.0
Three-engine narrow-hody 35.1 31.5 8.9 58.4 7,520 1.1
Short-haul aircraft 23.9 16.5 14.5 58.1 7,820 1.5
Propellor 3.9 1.6 1.2 52.8 9,060 2.8
Piston 0.3 0.07 0.05 16.5 10,470 542
Turboprop 3.6 1.5 1.2 53.1 9,010 2.5
Two-engine narrow-body jet 20.0 14.9 13.3 58.6 7,710 1.2
Helicopters 0. 06 0.02 0.006 42,6 27,770 2.5

Fyalues will not sum to 100% exactly hecause only passenger cabin configurations were considered.

Source:
D.C., 1970-1977.
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Table 5.12. Certificated Air Carrier Operating Statistics and Energy Intensities, by Carrier Type, 1975

Portion of EI due

Aircraft- Jet fuel Passenger- Passenger Mean Passenger
miles consumed miles load factor stage length  energy intensity tg zgzzzxgue

(10%) (108 gal) (10%) (%) (miles) (Btu/PM) P i

Domestic carriers 1,885 7,287 136.00 55.0 429 7,180 THE
Domestic trunks 1,584 6,459 123.40 55.3 583 7,010 1.0 |
Big four 996 3,949 77.08 56.8 NA 6,870 1.0 {
Others 588 2,510 46.52 53.0 NA 7,240 1.0 :
Local carriers 264 726 10.97 51.8 188 8,890 1.1 i
Other domestic carriers 37 101 1.62 58.4 170 8,310 4.0 |

International carriers 310 1,606 37,32 54.4 1,332 5,730 2.7

Passenger operations, total 2,195 8,894 173.32 54.9 a7e 6,870 1.3

NA — Not available,

Source: National Archives and Records Service, Machine Readable Archives Division, 4B Form 41 Schedule 7-2, Washington, D.C.,
1970 to 1977.

Table 3.13. Certificated Air Carrier Operating Statistics and Energy Intensities, by Aircraft Category, 1975

Percent of all certificated air carriers® Portion of EI due
Passenger Pass_enger tononrevenue
Aircraft- Fuel Passenger- load(:actor enerﬁtl?;;;lsuy operations
miles consumed miles ) = (%)
Long-haul aircraft 40,1 51,2 56.4 53.4 6,220
Four-engine narrow-body jet 22.8 24.2 24.8 58.4 6,690 2.0
Turbofan 20.8 21.8 22.9 58.4 6,520 2.0
Turbojet 1.9 2.4 1.9 59.1 8,680 1.8
Wide-body jet 17.3 27.0 31.5 50.0 5,860 1.3
Three-engine 10.4 14.2 15.8 50.2 6,150 1.3
Four-engine 6.8 12.8 15.7 49.8 5,560 1.4
Three-engine narrow-hody 36.6 32.6 29.9 57.3 7,520 0.9
Short-haul aircraft 23.2 16.0 15.6 55.7 8,080 1.3
Propellor 3.4 1.4 1.0 49.8 9,490 2,7
Piston 0.3 0.5 0.04 46.8 9,480 5.5
Turboprop 3.2 1.3 0.9 49.9 9,490 2.5
Two-engine narrow-body jet 19.7 14.6 12.6 56.2 . 7,970 1.0
Helicopters 0.05 0.02 0.005 39.5 28,520 3.2

“Values will not sum to 100% exactly because only passenger cabin configurations were considered.

Source: National Archives and Records Service, Machine Readable Archives Division, CAB Form 41 Schedule T-2, Washington,
D.C., 1970-1977.
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Certificated Air Carrier Operating Statistics and Energy Intensities, by Carrier Type, 1976

Portion of EI due

Aircraft- Jet fuel Passenger- Passenger Mean Passenger
¥ i f = to nonrevenue

miles consumed miles load factor stage length energy intensity Sperats onis

(108) (10% gal) (10%) (%) [miles) (Btu/PM) P )
Domestic carriers 1,995 7,642 151,37 56.2 435 6,760 L.l
Domestic trunks 1,673 6,667 136,97 56.4 584 6,620 0.9
Big four 1,047 4,129 85.062 58.5 NA 6,470 0.9
Others 626 2,639 51.35 53.3 NA 6,870 0.8
local carriers 284 786 12.67 53.4 195 8,320 1.2
Other domestic carriers 37 89 1.74 ol.1 173 6,880 2.4
International carriers 305 1,588 404.6 58.6 1,359 5,230 2.0
Passenger carriers, total 2,295 9,230 191.70 56.7 480 6,440 1.1

NA — Not available.

Source: National Archives and Records Service, Machine Readable Archives Division, CAE Form 41 Schedule T-7, Washington, D.C.,

1970 to 1977,

Table 3.15.

Certificated Air Carrier Operating Statistics and Energy Intensities, by Aircraft Category, 1976

Percent of all certificated air carriers”

Passenger
load factor

energy intensity

Porti

Passenger
2 To

on of EL due
nanrevenuce

Al;:zztf Eml--‘:ErJM‘d Pa \:msirlncgsc r- %) (Btu/PM) np‘.\rr[i.t:’:nns

Long-haul aircraft 38.7 50.0 56.1 56,1 5,720 1.4
Four-engine narrow-body jet 20.2 21.4 22.3 61.4 6,210 1.7
Turbofan 18.4 19.1 20,5 61.3 6,030 1.7
Turbojet 1.8 2.3 1.8 62.0 8,190 1.9
Wide-body jet 18.5 28.5 33.8 53.1 5,400 1.0
Three-engine 11.5 15.6 17.2 51.2 5,830 1.0
Four-engine 7.0 12.9 16.6 55.2 4,950 1.0
Three-engine narrow-body 37.6 33.5 29.9 57.7 7,220 0.7
Short-haul aircraft 23,1 16.1 13.5 57.1 7,660 1,2
Propellor 3.0 1.2 0.9 51.4 9,140 2.5
Piston 0.2 0.03 0.0 43.5 10,360 3.5
Turboprop 2.8 1.2 .8 517 9,110 25
Two-engine narrow-body jet 20.1 14.8 12.7 57.6 7,550 1.0
Helicopters 0.03 0.02 0.003 40.2 27,390 3.7

a 5 . . . s ;
Values will not sum to 100% exactly because only passenger cabin configurations were considered.

Source:

D.C., 1970-1977.
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and maintenance procedures. This distinction may be accomplished in

the following manner:

Given that Hpy = LF

where

Ypy

LE =

taking the

HsM

aircraft energy efficiency in passenger-miles per gallon,

= aircraft energy efficiency in seat-miles per gallon,

seat load factor,*

total differential vields:

Alupy) = d(IP)ugy + LFdlug,)

The differential elements may then be approximated by the larger changes

in the annual data giving:

Bupy =

where the first term yields the efficiency improvement due to increased
load factors and the second term yields the improvements due to opera-
tional measures.

In performing such an analysis, the user should be aware of several

factors affecting the outcome:

1. The differential elements should be approximated by deltas only
over shorter time intervals. As the time intervals increase in

length, the resultant values may begin to differ significantly from
actual observed values.

e e

ALF = USM + LF - AHSM R

*

These values may be derived from the tabular data in the following
manner: upM is 135,000 times the reciprocal of the value for energy
intensity in Btu per passenger mile; Mam is Hpy divided by the load

factor.
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2. If the analysis is to yield purely the impact of operational
factors, including improved aircraft maintenance, reduced taxiing,
and the like, it must be carried out at the aircraft-class, or

lower, level,

At higher levels of aggregation, the effects of changing aircraft
fleet mixes and the shifting of passenger-miles values from one
aircraft type to' another will be included in the operational term

of the equation.
The results presented in Table 3.16 and Fig. 3.11 were derived from

an analysis carried out at the aircraft class level.

Table 3.16. Fuel Efficiency Improvements Due to Increased Load Factors and Operational
Improvements, by Aircraft Class, 1971-1976

i . a . Actual
Calculated efficiency improvement” (passenger-miles/gallon) obsarved
IR RIS LIPS 1971-72 197273 1973-74  1974-75  1975-76  1971-76 . Ciirciency
improvement
Four-engine wide-body
Operational -0.41 0.75 1.15 0.44 0.37 2.30
Load factor 3.51 -0.26 0.77 -0.48 2.63 6.17
Total 3.09 0.48 1938 -0.04 3.00 8.46 8.44
Three-engine wide-body®
Operational 0.43 0.52 0.75 1.70
Load factor 2.13 0.30 0.44 2.87
Total? 2.56 0.82 1.19 4.57 4.64
Four-engine turbo-fan
Operational -0.31 -0.35 1.22 0.50 0.62 1.68
Load factor 1.38 0.30 0.46 -0.59 1.06 2.61
Total” 1.07 -0.05 1.67 -0.08 1.68 4.29 4.32
Four-engine turbo-jet
Operaticnal -0.02 -0.80 1.46 0.48 0.14 1.26
Load factor 0.90 0.44 0.89 0.08 0.76 3.07
Total? 0.88 -0.36 2.35 0.55 0.90 4.32 4,41
Three-engine narrow-body
Operational -0.22 -0.18 0.93 0.28 0.59 1.50
Load factor 1.10 -0.21 0.99 -0.28 0.03 1.63
Totalb 0.88 -0.39 1.92 0.00 0.72 3513 3.17
Two-engine narrow-body
Operational 0.40 -0.38 0.24 0.15 0.50 0.91
Load factor 0.95 -0.25 1.12 -0.72 0.42 1.52
Total® 1.35 -0.63 1.36 -0.57 0.92 2.43 2.48

“yalues derived from Ap = ALF - + LF -

MM Blgy-

bValucs may not add due to independent rounding.

@ s 5 e ; . ; .
Prior to 1973 an insufficient number of aircraft were operating for a meaningful analysis.
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3.2 Supplemental Air Carriers

Supplemental air carriers are carriers authorized to perform chartered
services supplementing the scheduled services of the certificated route
air carriers. Because these carriers do not fall under the same
stringent reporting requirements as the Certificated Route Air Carriers,
little other than systems-aggregate level data are available for analysis.
This lack of detailed data presents a problem in that a substantial
portion of the aircraft miles are flown for military purposes, yet only
the systems-aggregate fuel consumption is known. The fuel use and energy

intensity values given in Table‘3.17 were derived by allocating the

Table 3.17. Supplemental Air Carrier Operating Statistics,? 1975-1976

1975 1976

Domestic International Total Domestic International  Total
Revenue aircraft miles (106) 8.18 29.33 37.41 7.51 30.67 38.18
Revenue passenger miles (10%) ~0.88 6.00 6.88 0.91 5.74 6.65
Load factor (%) 89.9 88.1 88.3 89.5 87.6 87.8
Fuel use (10%® gal) NA NA 164 NA NA 177
Energy intensity (Btu/PM) NA NA 3200 NA NA 360
“hata pertain to civilian operations only.
NA — Not available.
Source: Civil Aeronautics Board, Handbook of Airline Statistics Supplement, Washington, D.C., Dec. 1977.

fuel used for civilian and military purposes on a per-aircraft-mile
basis. Although the resultant values are entirely reasonable, the user
should be aware that they are based on a crude approximation technique

necessitated by data gaps and, therefore, may contain significant errors.
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3.3 General Aviation Operations

All readily available source data on general aviation activity are
derived from Part 2 of AC Form 8050-73 which general aviation aircraft
owners fill out on a voluntary basis. The Federal Aviation Administration
tabulates these data and accounts for nonrespondents on the assumption
that they use their aircraft in exactly the same pattern as owners who
do respond. Clearly, this is a somewhat tenuous assumption, and the FAA
states:

It must be emphasized that these measures of general

aviation aircraft activity are estimates.

Nevertheless, when these data are utilized in conjunction with
fuel-use data from the Bureau of Mines, they yield relatively consistent

results for the later years which are presented in Table 3.18.

Table 3.18. [Estimates of Genmeral Aviation Activity and
Energy Intensity, 1970-1976

Fuel Consumption

" Aircraft- Total Btu
ACtlve miles AVGAS et Euel Btu per aircraft-
aircraft 1 & 14 i

own (10% gal) NSk K 2 (10°7%) mile

(]09) aphta er251ne

(10° gal) (10° gal)
1970 131,743 3.207 362.25 414,582 1.009 31,460
1971 131,148 3.207 396.82 347.684 0.919 29,230
l‘J?Zb 145,010 3.317 404 .46 37.34 535.92 1.273 38,370
1973 153,540 3.729 410.00 16.97 358.76 1.014 27,200
1974 161,502 4.043 403.2 15.04 468.17 1.151 28,470
1975 168,475 4,238 397.11 31.92 477.67 1.178 27,800
1976 180,854 4.476 432.68 25.49 562.67 1.329 29,680

“Combined Naphta and Kerosine type fuels.
The data for this year, and possibly other years, arc likely to be erroneous.

Source: U.S. Department of Transportation, Federal Aviation Administration, FAA Statistical Handbook
of Aviation, Calendar Year 1976, Washington, D.C., 1976; U.S. Department of the Interior,
Bureau of Mines, Petroleum Statement Awwual, Washington, D.C., 1970-1976.
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3.4 Summary Graphs
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Fig. 3.12. Certificated Route Air Carrier Passenger-Miles, 1971-77,
Normalized to 1971 Values.
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Fig. 3.17. Breakdown of Cumulative Fuel Economy Improvements for
Four-Engine, Wide-Body Aircraft, 1971-76.
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Fig. 3.19. Breakdown of Cumulative Fuel Economy Improvements for
Four-Engine, Narrow-Body Turbofan Aircraft, 1971-76.
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Fig. 3.21. Breakdown of Cumulative Fuel Economy Improvements for
Three-Engine, Narrow-Body Aircraft, 1971-76.
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4. PASSENGER AUTOMOBILE TRANSPORTATION

The automobile is, and will continue to be for the foreseeable
future, the most widely accepted form of personal transportation in the
United States. It is the most flexible and responsive transportation
mode and is used for 90% of all personal travel. Furthermore, expenditures
for operation of automobiles comprise a significant proportion of the
average family income (10-13%), and account for over 85% of total
expenditure on passenger transportation in the United States. At the
same time, about 5 million Americans are employed in occupations
involving the automobile and its operation.

The automobile, therefore, can be seen to play an important role in
our national mobility and economy. In fact, the mobility provided by
the automobile has become an integral part of the American lifestyle.

Our dependence on the automobile in our economy and lifestyle is
now being questioned as a result of the critical situation we are facing
in regard to petroleum.supplies. In 1976, the automobile consumed 58%
of the total energy used by the transportation sector. This is equivalent
to 35% of total petroleum consumption in the United States. Clearly any
attempt at reducing petroleum consumption in the United States must involve
the automobile.

In stark contrast to the importance of the automobile is the lack
of reliable data on its aggregate operations. For this reason the emphasis
of this chapter has been shifted somewhat. While most of the other chapters
center around the presentation and analysis of available operational data,
this chapter is aimed at defining and circumventing data shortcomings or
gaps. Consequently the section on the determinants of energy use has been

strengthened and a section on estimation procedures has been added.

4.1 Determinants of Energy Use

Because of the high state of the art and the importance of the
automobile to passenger transpeortation, a large amount of data is
available on the many, often interdependent, determinants of automotive

fuel consumption. In the interest of brevity, only summary data on
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several of the most important operational determinants are presented in
this section, and the reader desiring further information is referred
to the technical literature on the subject.

Figures 4.1 and 4.2 present the general breakdown of how energy is
utilized in automobiles. Fig. 4.1 displays the heat balance of a typical
engine, and Fig. 4.2 describes how the resultant brake horsepower output
from the engine is utilized during steady-state cruising conditions.

By necessity these curves are general: the exact breakdown will vary

from vehicle to vehicle, as will the detailed effects of the parameters

discussed in the following subsections.

4.1.1 Vehicle weight

The tractive force needed to move an automobile iIn a straight line

may be approximated by:

T = C W+ GH + ga + 0.002600;1\;2 ,

where

= tractive force,

= coefficient of rolling resistance,
gradient,

= gross vehicle weight,

= gravitational constant,

(3!
£ e o= G M3
u

= vehicle acceleration,

¢ = coefficient of aerodynamic drag,

It

= vehicle frontal area,

v = vehicle velocity.

As examination of the equation shows that all terms except the
aerodynamic drag are linearly related to vehicle weight, it is not
surprising to find that, for a given velocity profile, it is possible
to quantify in a general form the effect of weight on fuel consumption.

Regressions run on the EPA combined urban/highway fuel economy suggested
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that a 10% change in vehicle weight will result in approximately a 4%
change in fuel economy.* An additional benefit of a weight reduction is
that the power requirement for a given level of performance is lowered.
If, concurrently with the weight change, adjustments are made to maintain
the same level of performance, the same 10% change in gross vehicle

weight will yield an 8% change in fuel economy (LaPoint, 1977).

4.1.2 Vehicle Aerodynamics

A series of operational tests and simulations have shown that,
for a 10% reduction in vehicle aerodynamic drag, a 2-3% increase in
fuel economy may be expected (Sturm, [1977]; LaPoint, 1977). As is
evident from the equation given in the preceding section, the two
parameters may influence drag. Of these the vehicle frontal area is
constrained by the desired interior volume and by conventional design
procedures, but substantial leeway exists in influencing the aervo-
dynamic drag coefficient. The lowest drag coefficient of any domestic
automobile currently manufactured is claimed to be 0.46, which cor-
responds to the average value for European automobiles (Janssen, 1978;
Sturm, [1977]; Blackmore, 1977). Research in Europe has shown that drag
coefficients of 0.42 are possible through optimization techniques,
without influencing styling, and that coefficients of 0.37 are possible
when the styling is influenced by aerodynamics and is subsequently
optimized. If the design procedure is substantially influenced by
aerodynamics, drag coefficients from 0.28 to 0.32 seem technically
feasible (Janssen, 1978).

4.1.3 Trip length

Trip length is an important determinant of fuel consumption, not
only because the total distance traveled partially determines the amount

of fuel used, but also because it determines the engine operating tem-

*

These regressions will not hold beginning with model year 1977, as a
portion of the test procedures were changed. However, large changes
in these values are not expected, and, pending furhter analysis, the
10%:4% ratio can still be used.
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perature and the degree of warm-up. The severe degradation of fuel
economy for short trips depicted in Fig. 4.3 is caused by a combination

of the reduced efficiency of lubricants at lower temperatures (resulting
in higher frictional losses) and the heat absorbed by the engine in rising
to its normal operating temperature. These effects continue for approxi-
mately the first 10 miles of any trip, until the engine has reached its

steady-state operating point. The fuel economy of trips over 10 miles

100 I T T T
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o ADD 5% TO CITY CURVES
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Fig. 4.3. Variation of Fuel Economy with Trip Length. Source:
T. Tura, W. U. Roessler, and H. M. White, Research Plan for Achieving
Reduced Automotive Energy Consumption, Aerospace Report No. ATR-76
(7467)-1, National Science Foundation, Washington, D.C., 1975,
Fig. 2-4.

may be thought of as the harmonic mean of the reduced fuel economy
during the first 10 miles and the fuel economy of the fully warmed-up
engine after 10 miles.

The importance of these characteristics is best shown by example.
Assuming that 100 miles of city driving are to be accomplished at 70°F
ambient conditions, roughly 1.4 times the fuel will be consumed if 50

2-mile trips are made rather than 10 10-mile trips.
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4.1.4 Installed options

As can be seen from Fig. 4.4, a very large percentage of all new
cars are factory equipped with a series of options. Because these
options tend to compound — air conditioners, for example, due to their
power demands, tend to be installed in conjunction with larger engine
options — it is not possible to isolate the effects of any single
option completely. However, because options are important determinants
of fuel consumption, the approximate values for energy consumption in

Table 4.1 are provided.
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Fig. 4.4. Factory Installations of Popular Options in
New Automobiles by Model Year.

The energy use penalty for V-8 engines given in Table 4.1 differs
from most values published in the literature. It was calculated by
comparing the harmonic mean city-highway fuel economies of 6-cylinder
cars with those of 8-cylinder cars for all cars available in both con-

figurations in model year 1976.
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Table 4.1, Energy Use Effects of Popular Options

Approximate change in

Option fuel economy
Air conditioning -13%
Automatic transmission -14 to 15.5%
Power steering =-1%
Radial tires +2 to 2.5%
V-8 engine -18.5%

Sources: Society of Automotive Engineers, Auto
motive Fuel Economy, Report PT-15,
Warrendale, PA, 1976; T. C. Austin,

K. H. Hellman, Passenger Car Fuel
Feonomy Trends and Influencing Factors,
SAE Paper 730790, 1973, D. R. Blackmore
and A. Thomas, eds., Fuel Feonomy of
the Gasoline Engine, New York, 1977;
U.S. Environmental Protection Agency,
1976 Gas Mileage Guide for New Car
Buyers, Washington, D.C., 1976,

4.1.5 Vehicle maintenance

The National Highway Traffic and Safety Administration conducted a
careful study during the calendar years 1975 and 1976, aimed at quanti-
fying the effects of engine maintenance on fuel economy and exhaust
emissions. Of interest to this section are the full data sets collected
on 322 1968 to 1973-model year cars which underwent engine maintenance.
Analysis of the data yielded an average improvement of 4.7% in the on-
road fuel economy, with an average maintenance cost of $25.79. Equally
interesting is the data presented in Table 4.2, showing the fuel economy
improvement broken down by the repair cost. No data on the nature of
the performed maintenance are available,

An additional study was performed by the Champion Spark Plug
Company beginning in May of 1975. Five thousand six hundred sixty-six
cars were run through diagnostic checks, and, of these, 216 were
selected for further testing on a dynamometer. The results of these

tests are given in Table 4.3.



Table 4.2. Fuel Economy Improvement vs Cost of
Maintenance Action®

. Fuel consumption
Maintenance  Average P

cost cost (mpg) Improvenent
(%) () Before  After
0-10 6.84 12.36 13.28 7.5
1020 14.80 13.02 13.94 6.7
2040 28.09 12.64 13.39 5.9
>4Q 47.06 12.41 12.77 2.9

Qars undergoing major engine repairs were excluded
from the data,

Source: T. Bayler, L. Eder, Impact of Diagnostic
Inspection on Automotive Fuel Economy and
Emissionsg, SAE Paper 780028, 1978.

Table 4.3. Percent Fuel Economy Improvement
after Maintenance Action

Maintenance
Test condition
New plugs
Tune-up
only
35 mph cruise 4.92 14.45
55 mph cruise 2.61 9.27
65 mph cruise 3.56 8.86
Cyclic 3.44 11,36

Source: D. L, Walker, J. 0. Boord,
J. S§. Pigitt, E. R. Sutton, How
Pagsenger Car Maintenance Affects
Fuel Economy and Emissions, A Nation-
wide Survey, SAE Paper 780032, 1978.
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4.2 Development of Circuities

Given the automobile travel data from Appendix A and the circuity
data from Appendix B, it is a straightforward task to calculate the
passenger-mile-weighted circuity ratio for intercity automobile travel
(Tables 4.4 and 4.5). The odd distance categories arise when one con-
verts the round-trip mileage intervals from the NTS to one-way trip

lengths and removes the erroneous circuity of 1.56,

Table 4.4. Intercity Automobile Circuities, 1972

Great-circle- Route-passenger-
One-way trip length passenger-miles Circuity miles
(great-circle miles) (10%) ratio (109)
63.9-127.9 34,520 1.161 40,077
127.9-191.9 26,442 1.218 32,205
191.9-255.9 17,585 1.204 21,173
255.9-319.9 11,580 1,313 15,206
319.9-639.9 30,246 1,231 37,233
Over 639.9 43,815 1.213 53,148
All 164,188 1.212% 199,042

aPassenger-mile—weighted circuity ratio.

Source: U.S. Department of Commerce, Bureau of the Census, 1372
Census of Transportation, Vol. 1: National Travel Survey, Washington,
D.C., Feb. 1974,

Table 4.5. Intercity Automobile Circuities, 1976

Great-circle- Route-passenger-
One-way trip length passenger-miles Circuity miles
(great-circle miles) (10%) ratio (10%)
63.9-95.9 21,170 1.226 25,954
95.9-127.9 27,531 1.111 30,587
127.9-191.9 39,231 1.218 47,783
191.9-319.9 47,111 1.264 59,548
319.9-639.9 52,079 1.231 64,110
Over 639.9 89,194 1.213 108,192
All 276,316 1.217¢ 336,174

aPassenger-mile—weighted circuity ratio.

Source: U.S. Travel Data Center, 1878 National Travel Survey,
Full Year Report, Washington, D.C., 1977.
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4.3 Operational Data

Because of the large number of vehicles in use and the difficulties
inherent in estimating the vehicle-miles traveled, there are at present
no fully reliable data available on the overall efficiency of the auto-
mobile fleet. The two currently available sources of time series data

on automotive fuel economy will be discussed;

« FHWA estimates

» EPA certification tests,

4.3,1 FHWA estimates

The Federal Highway Administration (FHWA} calculates on an annual

basis the fleet-average fuel efficiency, using the following equation:

vehicle miles traveled
fuel consumption

Fleet mpg =

Although the fuel consumption may be ascertained relatively
accurately from gasoline tax receipts, the accuracy of the VMT estimates
are subject to debate. The FHWA relies entirely on the individual
states' estimates of the vehicle miles traveled, which are generated in

one of two ways (or a combination thereof) (TERA, 1578):

1. Traffic count: The highway system is monitored with a

series of traffic counters yielding traffic-flow values
which may then be integrated over time to yield vehicle-
miles traveled. Typically states rely on a mixture of
continuous monitoring of a few primary routes, statistical
sampling, and slowly rotating coverage of all road

sections with a cycle time of up to a decade.

2. Fuel consumption: An average mile-per-gallon value is

multiplied by the state's fuel sales to yield the state
estimate of vehicle miles traveled. The fuel consumption
value is generally derived from tax receipts, and the

vehicle efficiency is either the value suggested by FHWA,
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adjusted by the states according to their judgment, or

1s generated from state studies.

At present 23 states utilize the traffic-count method, 11 states the
fuel consumption method, and 16 states a combination thereof (TERA,
1978).

In view of the potential for error inherent in the methods of
calculation and the variety of methods used, the precision of the
resulting estimates is questionable. Therefore, the FHWA national
figures shown in Table 4.6 should be viewed more as indicators of the

midpoints of bands of possible values rather than as precise point
values.

Table 4.6. FHWA Estimates of Automotive Fleet
Fuel Efficiency, 1970—1976

Passenger Fuel Fuel Energy

Year car VMT consumption efficiency intensity

(109) (108 gal) {(mpg) (Btu/VMT)
197¢ 890.8 65.65 13.57 9140
1971 939.1 69.21 13.57 9140
1972 986.4 73.12 13.49 9270
1973 1016.9 77.62 13.10 9470
1974 9580.7 73.77 13.43 9310
1975 1028.1 76.01 13.53 9240
1976 1074.0 78.29 13.72 9110

Source: U.S. Department of Transportation, Federal
Highway Administration, Table VM-1, 1970-1976.

4,3.2 EPA certification tests

The Environmental Protection Agency {EPA) has performed new-car
certification tests on all cars beginning with the 1973 model year.
Although the tests were originally designed to measure the emissions of
the automobiles, they have yielded a considerable data base on model-

specific fuel econemy. All EPA fuel efficiency data are derived from
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three basic driving cycles carried out on a chassis dynamometer with

fuel consumption calculated by the carbon-balance method from the

emissions collected in bags.

1. 1972 EPA Urban Driving Cycle: The vehicle is run through

the 23-min. driving cycle depicted in Fig. 4.5 from a cold

start. Emissions are collected in a single bag.
Vehicles in the 1972-74 model years were tested under

this cycle.

2. 1975 EPA Urban Driving Cycle: The same cycle as in 1972

is used except that the emissions are collected in three
bags: (1) the first 8.5 min. of the cycle from a cold
start, (2) the remaining 14.5 min. of the cycle, and

‘ (3) the first 8.5 min. of the cycle rerun after a 10 min.
shutdown. Finally the bags are weighted at 0.43, 1.0,
and 0.57, respectively, to yield the fuel economy (Fels,
1977). Typically this test yields an economy 4.5% higher
than the 1972 test (Murrel, 1976).
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Fig. 4.5. EPA Urban and Highway Driving Cycles. Source: D. B.
Shonka et al., Transportation Energy Conservation Data Book, Edition 2,

Report ORNL 5320, Oak Ridge National Laboratory, Oak Ridge, Tenn.,
October 1977,
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3. EPA Highway Driving Cycle: The vehicle is driven over

the cycle shown in Fig. 4.5 after having been warmed up

over a preconditioning cycle.

Finally, in addition the highway and urban fuel economy results,

a4 composite is calculated from:

Repeatability of the results from these tests has been estimated to
be within 2-9% of the mean. The carbon balance method of calculating
fuel economy yield results within 2 to 3% of values obtained by fuel
metering (Fels, 1977).

Given the availability of the EPA test results, manufacturers'
annual shipments, and motor vehicle registration data, the approach of
calculating a fleet fuel economy by combining the sources suggests
itself. TIn practice several difficulties arise which would reduce the
results to mere approximations of the true fleet fuel economy in addi-
tion to making the calculations involved extremely cumbersome.

A general formulation of the weighted harmonic mean fuel economy

for any model year may be written as:

7
L = i=1 "¢ "z
f n nmnr nm. (1l -r.)y °
z (R
=1 Mg Yt
where
pf = new car fleet fuel economy,
by = EPA highway fuel economy in mpg,
u = EPA urban fuel economy in mpg,

U
A = number of automobiles manufactured as registered,

m = average number of miles driven,
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r = fraction of miles driven under rural or highway conditions.

H

index for aute model or auto size/weight class in a less
disaggregate approach.

Closer examination of current practices and available data yields

the following results for the variables needed in the calculation:

known but subject to corrections explained on pages to

Nyt available but not used in calculations to avoid time lag.
Manufacturers' estimated sales or forecasts are used.

m.: mncot known by vehicle type.

r.: not known by vehicle type.

The methodology on which current available data (see Tables 4.7-4.10)

are based may then be summarized as

n
!ow,
npg, =
f % v,
i=1 Yu-h
where
1 = index by model,
mpgf = annual new car fleet fuel economy,
Ni = manufacturers' sales estimates,
By = EPA urban-highway combined fuel economy.

Implicit in this equation are several somewhat tenous assumptions

which have to be made because of data gaps:

1. All cars, regardless of size and other factors, are
driven the same number of miles.
2. The urban-to-highway mileage split of 55-45 applies for
all vehicles.
3. The 1969 data on which the 55-45 urban-highway mileage split

is hased also holds for other years.




Table 4.7. Sales Fractions? vs Inertia Weight, 1970-1978

Inertia weight class

Model

year 2000 2250 2500 2750 3000 3500 4000 4500 5000 5500
1970 .0128 0737 .0344 .0502 0600 © .1261 . 2387 .2918 .0915 .0209
1971 .0111 . 0882 L0736 .0237 .0548 .1183 .1984 .2657 .1299 .0363
1972 .0116 . 0463 L0656 . 0680 L0477 .1248 .2033 L2467 .1241 L0617
1973 L0157 . 0438 .0572 .0945 .0577 L1181 L1221 .2545 .1682 .0681
1974 .0076 .0493 .0442 .0752 .1279 .0997 .1062 ,2314 .1619 . 0866
1975 .0095 .0448 .0423 .0180 .1009 .1273 .1566 .1938 .1921 .1146
1976 .0103 . 0692 L0383 .0217 .1339 .1368 .1417 .2323 .1404 .0753
1977 .0119 L0761 L0313 . 0366 .0776 .0854 .2933 .2837 .0847 .0193
1978 0234 L0705 .0550 .0326 .0746 .2826 .2119 .1941 .0438 L0115

41970-1973 data are from registration summations. 1974 data are based on production figures.
1975-1978 data are based on manufacturers' sales forecasts.

Source: J. D. Murrell, Light Duty Automotive Fuel Economy — Trends Through 1978, SAE Paper 780036.

SI-¥



Table 4.8. City-Highway Sales-Weighted Passenger Car Fuel Economy by Inertia Weight Class, 1970-1978%

Model Inertia weight class (1b) wi?;ﬁi;d

year 2000 2250 2500 2750 3000 3500 4000 4500 5000 5500  average

1970 27.9 27.1 23.3 22.6 19.5 16.2 14.6  13.6  12.8  10.2 15.5

1971 26.4 26.7 25.5 21.6 18.7 15.5 14.5 13.1 11.6  12.5 15.1

1972 26.6 25.7 25.2 23.8 18.8 15.7 4.3 13.1 12.5 11.3 15.0

1973 26.9 26.6 23.0 21.5 17.5 15.0 13.9  13.2 11.6  10.8 14.5

1974 27.7 26.3 23.5 20.8 18.6 16.4 13.4  12.4 11.8  11.1 14.4 f
1975 31.4 27,8 24.3 22.2 21.4 17.5 15.6  14.6  13.0  12.0 15.6 7
1976 I 28.7 26.0 24.4 23.4 19.1 17.3  15.5  14.6  13.3 17.7

1977 36.1 31.6 28.8 25.2 23.9 20.2 18.0  16.6  14.2 14..7 18.6

1978 35.4 32.4 28.0 24.5 22.4 20.1 18.0  16.3  14.6  12.4 19.6

91970-1973 data are from registration summations, 1974 data are based on production figures, and
1975-78 data are based on manufacturers' sales forecasts.

Source: J. D. Murrel, Light Duty Automotive Fuel Economy — Trends Through 1978, SAE Paper 780036.
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Table 4.9. Weight Class Distribution for Light-Duty
Trucks, 1975-1978

Weight class Maded. Yasn
(1k) 1975 1976 1977 1978
2750 .1284 .2349 .1554 L1321
3000 .0739 .1319 .1044 .1293
3500 .0274 .0663 .0404 .0599
4000 .2684 . 3057 .3247 .3528
4500 . 4466 .2332 .3587 .3093
5000 .0552 .0279 .0165 .0166

a .
Data based on manufacturers' sales estimates.

Source: J. D. Murrell, Light Duty Automotive Fuel Economy —
Trends Through 1978, SAE Paper 780036.

Table 4.10. Sales-Weighted? Fuel Economyb
for Light-Duty Trucks, 1975-1978

Inertia weight Fuel economy (mpg)

(15) 1975 1976 1977 1978
2750 22.3 24.3 25.6 25.9
3000 18.8 20.2 25.5 25.0
3500 20.6 17.7 18.2 18.3
4000 15.6 17.3 15.0 18.3
4500 14.1 14.8 16.7 15.8
5000 11.5 13.1 12.5 18.2
All 15.4 18.0 19.1 18.7

aData based on manufacturers' sales estimates.
bEPA urban/highway mpg.

Source: J. D. Murrell, Light Duty Automotive Fuel
Economy — Trends Through 1978, SAE Paper 780036.
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In addition to the aforementioned difficulties in aggregating the
EPA data, problems arise out of the EPA estimates themselves. In recent
years it has become evident not only that there are serious discrepancies
between the EPA certification fuel economies and actual on-the-road fuel
economies, but also that the gap between the two was consistently
widening., Out of growing concern over these discrepancies, the Depart-
ment of Energy initiated a study as part of which actual in-use fuel
economies were collected for a large number of vehicles and regressed
against the EPA values., The results of these regressions are presented
in Fig, 4.6 and Table 4.11.

4.4 Estimates of Automobile Operational Energy Intensity

As the preceding section documents in detail, no data are available
which would allow accurate computation of the energy intensity of auto-
mobiles from operational data. This is particularly true when a segrega-
tion by types of automobile use is desired. This section presents
automobile energy intensities at the aggregate level derived through a

series of approximation techniques.

4.4.1 Intercity automobile travel

Given the operational data presented in the preceding section and
the values from Appendices A and B, it is possible to calculate the
intercity automobile energy intensity as given in Tables 4.12 and 4.13.
However, because of the questionable accuracy of some of the source data,
the user should be cautioned that the values in the tables are approxi-
mations which may differ substantially from the actual values.

The values presented in Tables 4.10 and 4.11 were calculated based
on the sales-weighted EPA urban/highway fuel economy for the given
model year., In order to approximate the actual operating conditions

more closely, the EPA values were modified as follows:

+ The 1976 EPA value was derated by the 2.3 mpg factor given in
Table 4.11 for EPA to on-road fuel economy. As no correction

factors for 1972 exist that value was left as it was.
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On-Road Fuel Economy
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Fig. 4.6. Regression Lines of EPA Certification Fuel Economy vs
On-Road Fuel Economy.

Table 4.11. EPA Certification vs Actual On-Road Fuel Economy, Model Years 1974-1977

1974 1975 1976 1977

Regression equation,

On-Road mpg (y) to EPA mpg (x) y = 0.65x + 4.38 y = 0.8lxr + 1.63 y = 0.74c + 2.32 y = 0.65c + 2,98
Mean certification mpg 14.0 15.5 18.6 19.5
Mean on-road mpg 13.4 14.1 16.0 15.7

Difference (x-y) for car
with 20-mpg on-road

economy 4.0 2 3.9 6.2
Difference for car with
EPA sales-weighted mpg 0.5 1.3 2.3 3.5

Source: B. D. McNutt, D. Pirkey, R. Dulla, C. Miller, A Comparison of Fuel Economy Results from EPA Tests
and Actual In-Use Experience, 1974—1977 Model Year Cars, U.S. Department of Energy, Washington,
D.C., Feb. 1978.



Table 4.12. Intercity Automobile Energy Intensity for 1972 Model Year
Automobiles and Travel Characteristics

Great-circle-mile-based

One-way trip length®  Average vehicleP Energy intensity Circuity® energy intensity
(great-circle miles) occupancy (Btu/route PM) ratio
(Btu/VMT) (Btu/PM)

63.9-127.9 2.06 3180 1.161 7600 3690

127.9-191.9 2.09 3130 1.218 7970 3810

191.9-255.9 2.09 3130 1.204 7880 3770

255.9-319.9 2.17 3020 1.313 8600 3960
319.9-639.9 2.25 2910 1.231 8070 3590 T
Over 639.9 2.34 2800 1...213 7960 3400 S

ALl 2.194 2990 i,2122 7940 3630

“These odd categories arise when the round-trip categories from the NTS are converted to
one-way mileages and the erroneous circuity of 1.56 is removed.

bOccupancy — Person-trips divided by the number of trips, from the NTS data. The resulting
occupancy should be considered a lower bound value because the NTS only shows the number of
household members in the travel party.

cDerived from disaggregate data in Appendix B (see Section 4.2).

dThis is the passenger-mile-weighted mean occupancy rather than the unweighted value from
the NTS.

®The passenger-mile-weighted circuity ratio calculated in Section 4.2.




Table 4.13. Intercity Automobile Energy Intensity, 1976

b Great-circle-mile-based
One-way trip length® Average vehicle Energy intensity Circuity® energy intensity

(great-circle miles) occupancy (Btu/route PM) ratio
(Btu/VMT) (Btu/PM)

63.9-95.9 2.17 2940 1.226 7820 3610
95.9-127.9 2.08 3070 1.111 7080 3410
127.9-191.9 2,15 2970 1.218 7770 3610
191.9-319.9 2.18 2930 1.264 8070 3700
319.9-639.9 2.32 2750 1.231 7870 3390
Over 639.9 2.43 2630 1.213 7760 3190

All 2.279 2810 1,217% 7770 3420

“These odd categories arise when the round-trip categories from the NTS are converted to
one-way mileages and the erroneous circuity of 1.56 is removed.

bOccupancy-A Person-trips divided by the number of trips, from the NTS data. The resulting
occupancy should be considered a lower bound value because the NTS only shows the number of
household members in the travel party.

“Derived from disaggregate data in Appendix B (see Section 4.2).

dfhis is the passenger-mile-weighted mean occupancy rather than the unweighted value from
the NTS.

®The passenger-mile-weighted circuity ratio calculated in Section 4.2.

-V
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» The resultant value was multiplied by 1.3 to account for the
increased fuel efficicney on longer trips.*

- A 4% fuel economy penalty for each 10% weight increase was
assessed to account for the increased vehicle loading by
passengers. A weight of 200 1b was assumed for each passenger and

luggage. The sales-weighted mean test weight for both years was
3942 1b (Murrel, 1978).

Once these adjustments were made the resultant values were merged
with the data from Appendix A and B and the remainder of the values

in the tables calculated.

4.4.2 Urban automobile travel

In spite of the multitude of factors influencing automotive fuel
consumption in urban traffic, it is possible to model the urban fuel
economy on the basis of only a few parameters because of the high degree
of correlation among the principle determinants of energy use. Researchers
at the General Motors Research Laboratories have shown through simulations
and operational tests that the urban automobile energy intensity may be

approximated by:

EI = ](1 + 1(2-1-:_ (1)
ar
EIl = CiW + Col t , (2)

where

EI = energy intensity in gallons per vehicle-mile,
t = average trip time per mile in hours per mile,
W = vehicle weight in pounds,

I = idle fuel flow rate in gallons per hour,

ki, ky, €1, Co are operationally determined constants of

proportionality.

*
This corresponds to a ratio of =1.5 for intercity to urban fuel
efficiency, which is consistent with the literature.
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Since, in many cases, values for the constants in the equation are
not readily available, it is useful to rewrite the equation in a form
which allows calculation of energy intensities for alternative average
trip times as a ratio once an initial energy intensity is given.

v, (v. +u
b( a )

b v v )

where

Ea and E, are the fuel economies in miles per gallon for two driving
cycles,

v, and vy are the average speeds over the driving cycles,

u is the ratio of k; over k, for which an average value of 21.2 mph
may be assumed,

Equation 3 may be expected to yield results with rootmean-square
errors of less than 10%. However, the user should be aware that the
procedure is applicable only for urban driving conditions, and average
route speeds of over roughly 35 mph will yield erroneocus results (Evans
1976, 1977, 1978}. Table 4.14 shows energy intensities calculated by
this method using the 1976 EPA sales-weighted urban fuel economy of
15.4 mpg as the base value; Table 4,14 gives the average speeds for

various test procedures and city centers.

Table 4.14, Estimated Urban Automobile Energy Intensity

Average Energy Energy
speed efficiency Intensity
(mph) (mpg) (BTU/VMT)

10 10.3 12,150
12 11.6 10,770
14 12.8 9,790
16 13.8 9,050
18 14.7 8,480
20 15.6 8,020
22 16.4 7,650
24 17.0 7,330
26 17.7 7,070
28 18.3 6,840
30 18.8 6,650
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Table 4.15 Average Route Speeds for Central
Business Districts and Test Procedures

Average speed

Route (mph)
Los Angeles CBD 19.1
Detroit CBD 17.8
Chicago CBD 13.4
New York/Newark CBD 10.2
SAE Urban Cycle 15.6
EPA Urban Cycle 19.5
GM City/Surburban Cycle 23.9

Source: Evans, L., Herman, R., Automobile Fuel Fconomy on
Fized Urban Driving Schedules, Transportation
Science, Vol. 12 No. 2, May 1978.




5. BUS PASSENGER TRANSPORTATION

Buses combine the flexibility of the automobile with the efficiencies
inherrent in operating larger capacity vehicles. In addition to includ-
ing the cities despicted in Fig. 5.1 on a regular basis, buses provided
intracity and urban transportation services to 4.24 billion passengers

in the over 1000 cities having bus transit systems.

ORNL DWG 78-6777

Fig. 5.1. Principal Communities in the United States Served by
Intercity Buses. Source: American Bus Association, America's Number 1
Passenger Transportation Service, Washington, D.C., 1977.

The many different types of buses in service, ranging from vans
seating less than 12 to large intercity coaches, and the variety of
services provided make analysis at the type, systems level impossible
within the scope of this publication. This chapter presents data and
analyses on the generic categories of intercity buses, transit buses,
and school buses. Together, these three categories accounted for 97%

of all bus vehicle-miles traveled in the United States in 1976.

5-1
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5.1 Intercity Bus

In 1976 over 15,000 (see Fig. 5.1) communities were served by
intercity buses, which represent by far the widest coverage for any
public intercity transportation mode. Concurrent with this wide avail-
ability, intercity buses were by far the most energy efficient mode of
intercity passenger transportation. In dealing with intercity bus
transportation, analysts and forecasters should bear two factors in

mind which have a strong influence on the modal operations.

1. As displayed in Table 5.1, intercity buses predominantly serve

a distinct subset of the traveling population.

2. The intercity bus industry itself does not forecast any increases
in its activity for the future. Industry spokesmen state that this
is due to the "unfair'" competitive advantage given to the Amtrak

rail network.

Table 5.1. Selected Characteristics of Intercity Travelers
by Mode, 1972

Percent of modal passenger trips
falling in category

Air Auto Bus Rail

Passengers on personal trips 50 84 88 70
Passenger's income under $10,000 22 41 60 38
Passengers over 55 or under 18 28 43 61 44
Female passengers 36 46 61 47

Source: Department of Commerce, Bureau of the Census, 1972 Census
of Transportation, Vol. I, National Transportation Survey,
Washington, D.C., 1974.

5.1.1 Determinants of energy use

A standard technique for gaining insight into the determinants of
energy use involves the simulation of vehicle movement through a resis-

tance equation coupled with the specific fuel consumption curve of the
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engine. The vehicle drag of an intercity bus on a level road can be

approximated by (Arrowsmith Corp., 1977):

2
= Wa + b, eV ] + ¢cve
P r

3
I

where

D = total vehicle in 1b-force

W = weight of vehicle in short tons = 16.5 for a 50% occupied
MCI bus

= rolling coefficient = 10 lb-ton!

300 lbepsiston~!

0.07 lb-psi-ton~!emph~2

= rolling coefficient

rolling coefficient

= tire pressure = 96 psi

(TR SR S TS L S
1

= aerodynamic drag coefficient = 0.139 lb-mph-2
corresponding to a frontal area of 73.6 ft? with CD = 0.7

V = vehicle velocity in mph

Additional loads are placed on the engine by grades, curves,
vehicle auxiliaries and drivetrain friction. For the purpose of this
analysis, a level tangent surface, a constant auxiliary load of 7 hp
{U.S. Department of Transportation, 1977}, and a constant overall
efficiency of 85% were assumed. This, when coupled with the fuel con-
sumption data for the Detroit Diesel 8V-71 engine commonly used in
intercity buses (Mittal, 1977}, yielded the results depicted in Figs.
5.2 and 5.3 for steady cruising conditions.

Parametric variation of the vehicle-weight yields results indicat-
ing that a 10% change in vehicle weight will result in a corresponding
change in energy use of 2-3% throughout the range of normal operating
speeds. This relatively low sensitivity to vehicle weight is readily
explained because at normal operating speeds the aerodynamic drag and
accessory components of energy use (see Fig. 5.2) are highly dominant.
Placed in the context of analyzing and utilizing operational data, this
indicates that once the operational energy intensity is known on a

vehicle-mile basis, any changes in bus load factors may be ignored with



ORNL DWG 78-14041

100%
AERODYNAMIC
DRAG
l-l-l —
w
2
>_
(L] —
o
w
-4
Lu —
= ROLLING
5 RESISTANCE
F 50%
(7S
(o]
- -
4
w
O
o -
w
o
_ ACCESSORIES i TP
AND LOSSES
I | L | L I 1
o) 20 40 60 80

CRUISING SPEED (mph)
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respect to changes in energy use caused by weight increases or decreases.
These changes would almost certainly be smaller than the unavoidable
reporting errors in the operaticnal data.

In 1973, the U.S. Department of Transportation performed a series
of over-the-road tests on buses furnished by intercity operators to
determine the effects of operating speeds and terrain on fuel consump-

tion. The highlights of the test results are:

+ Over flat terrain, a speed increase from 50 to 60 mph will

result in an increase in fuel consumption of ~9%.

= Over hilly terrain including long hills, there is no significant

difference in fuel consumption for route speeds of 50 and 60 mph.

+ Over hilly terrain without long hills, there is a decrease in

fuel consumption when the route speed is increased from 50 to
60 mph.

A summary of the test results is given in Fig. 5.4.

5.1.2 Development of circuities

A prerequisite for any intermocdal comparisons is normalization of
the mileage-related data of the various transportation modes on a common
basis. This is readily accomplished through the use of circuity ratios
which convert the reported route-mile data to great-circle mileages.

For intercity buses the circuity ratios by distance category and
finally the passenger-mile-weighted circuity ratios may be calculated
through the combination of several data sources, The data presented in

Table 5.2 were calculated in the following manner.

One-way trip length — the rather odd great-circle distance categories
arise when the round trip distance categories from the National
Travel Survey (NTS) (see Appendix A) are converted to one-way trip
lengths and the undocumented and erroneous c¢ircuity ratio of
1.25 is removed.

Number of trips — the total number of trips is available from the American
Bus Association, and the values for trip lengths over 80 great-

circle miles are given in the NTS.



5-6

ORNL DWG 78-14037

MASS. TEST DATA

MASS. TEST DATA (MOUNTAINS &
(HILLY TERRAIN) / HILLS)

100 | —_—
VIRGINIA TEST DATA </

(FLAT TERRAIN) N
-“\5/'// //\\\\
// /
# //
/

LINE OF DYNAMOMETER
=— TEST RESULTS

95

85 -

PERCENTAGE RELATIVE FUEL CONSUMPTION
1

80 | | 1
50 55 60

SPEED LIMIT (mph)

Fig. 5.4. Summary of Over-the-Road Test Results on the Effects
of Speed on Intercity Bus Fuel Consumption.

Source: U.S. Department of Transportation, Effect of Variation of Speed
Limits on Intercity Bus Fuel Consumption, Coach and Driver
Utilization, and Corporate Profitability, Boston, November 1975,
p. 19.

Great-circle-passenger-miles — for trip lengths over 80 miles are
derived from the NTS by removing the circuity ratios of 1.25.
Circuity ratio — the values for the individual distance categories are
aggregated from the city-pair values given in Appendix B.
Route-passenger-miles — the total is available from the American Bus
Association. Data for the categories over 80 miles are the

product of the NTS great-circle miles and the circuity ratios for

the categories.
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Table 5.2. Average Trip Lengths and Circuities for All
Intercity Buses, 1972

Number of Great-circle

One-way trip length Circuity  Route PM

: : trips PM . 6

- 0
(great-circle miles) (103) (106) ratio (10®)
0—-79 377,020 18,284 1.096 20,039
80—-159 7,050 887 1.151 1,021
160239 3,708 776 1.147 890
240319 1,492 444 1.199 532
320399 876 336 1.215 408
400-799 2,078 1,226 1.211 1,485
Over 800 776 1,020 1.201 1,225
Total 393,000 22,973 1.114 25,600

Source: American Bus Association, America's Number 1 Passenger
Transportation Service, Washington, D.C., 1977; U.S. Department of
Commerce, Bureau of the Census, 1977 Census of Transportation, Vol I:
National Transportation Survey, Washington, D.C., 1974.

Given these data, the remaining entries in the table are calculated

as follows.

[Route PM]O_79 = [Route PM] - [Route PM]280

total

[Great-circle PM]O_79 = [Route PM] /[Circuity]

0-79 0-79

[Great-circle PM]

total [Great-circle PM]i

=0

[Circuity] = [Route PM] Great-circle PM]

total total/[

total

The average bus passenger's trip length increased steadily from
63.1 route-miles in 1970 to 73.8 in 1976. As no other data are available
and the 1972 value of 65.1 route-miles lies within this range, the
passenger-mile-weighted circuity ratio of 1.114 will be used over the

entire time series of data. The reader is cautioned that this value
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is probably slightly high for 1970 and 1971 and slightly low for years
after 1972. However, it is felt that the errors introduced by this are

small.

5.1.3 Operational data

Intercity bus operators are categorized by the Interstate Commerce
Commission as Class, I, II, or III carriers. Class I carriers are the
large carriers such as Greyhound and Trailways with annual operating
revenues of §1 million or more;* the other classes are made up of the
smaller, more localized companies (Table 5.3). All Class I carriers
are covered by extensive reporting requirements by the ICC and these
quarterly and annual reports represent the best available source of
prime data. Reporting requirements for the smaller carriers are not as
extensive, but some data are available from the reports, with additional
estimates provided by the American Bus Association. The data gaps for
the smaller carriers are not as critical as it may seem initially because
Class I carriers tend to dominate the intercity bus transportation
market as shown in Table 5.3. Table 5.4 presents the operating statistics

and energy intensities for intercity buses, 1970-76.

Table 5.3. Percent of All Intercity Bus Operations
Performed by Class I Carriers, 1970-76

lmberiof Dues M Meeme  passonger

miles
1970 Fod 46,2 72.0 43.4 69.5
1971 7.1 45.2 Tl 42.3 69.4
1972 7.4 45.4 716 41.7 68.3
1973 Fab 44.7 72.2 40.7 67.8
1974 8.5 47.1 74.1 43,7 68.5
1975 8.5 48.9 75.4 43.4 69.8
1976 8.1 49.8 75.0 42.9 68.8

Source: American Bus Association, America's
Number 1 Passenger Transportation Service, Washington,
D.C., 1977.

*
As of Jan 1, 1977, the revenue criterion for Class I carriers was
changed to $3 million.




Table 5.4.

Operating Statistics and Energy Intensities of Intercity Buses,a 1970 through 1976

Route-miles—based

Great-circle miles—based®

h o . 1 =
Passengers [nbs.e"ger Veh.lde Fuel used energy intensities energy intensities
(10%) mlégs mllgs (105 gal)
(1o (10%) Btu/VMT  Btu/PM Btu/VMT Btu/PM
1970
Regular route intercity 309 20,405 1,030
Other operations 92 4,895 179
Total 401 25,300 1,209
1971
Regular route intercity 305 20,315 1,020
Other operations 20 5,185 182
Total 395 25,500 1,202
1972
Regular route intercity 304 19,887 988 162.7 1,140 1,260
Other operations 89 5,713 194 32.0 700 870
Total 393 25,600 1,182 194.7 22,850 1,050 25,450 1,180
1973
Regular route intercity 293 20,523 975 160.6 1,090 1,210
Other operations 88 5,877 203 33.4 790 880
Total 381 26,400 1,178 194.0 22,840 1,020 25,450 1,140
1974
Regular route intercity 289 21,431 978 157.2 1,020 1,130
Other operations 97 6,269 217 34.9 770 860
Total 386 27,700 1,195 192.1 22,300 960 24,840 1,070
1975
Regular route intercity 271 18,946 914 146.8 1,070 1,200
Other operations 80 6,454 212 34.1 730 820
Total 351 25,400 1,126 180.9 22,280 990 24,820 1,100
1976
Regular route intercity 261 18,244 897 146.3 1,110 1,240
Other operations 79 6,856 221 36.0 720 800
Total 340 25,100 1,118 182.3 22,620 1,010 24,190 1,120
1977
Total NA 25,700 1,102 181.9 22,890 980 25,500 1,090
" NA — Not available.

ZIncludes statistics of Class T, IT, II1 carriers reporting to the ICC and Intrastate Carriers.
Prior to 1974, fuel consumption was not reported to the 1CC and

b

All intercity buses are assumed to use diesel fuel. as T
the fuel consumption data for those years are based on estimates from the American Bus Association.

“arl great-circle-based energy intensity values are derived utilizing the passenger-mile-weighted systems circuity of

1.114 (see page ).

Source:

supplemented b rivate communications with the American Bus Association.
PP Y P

American Bus Association, America's Number 1 Passenger Transportation Service, Washington, D.C., 1977;
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5.2 Transit Buses

Transit buses are generally classified into the generic categories
of trolley coaches and conventional buses. Trolley coaches are similar
to their conventional counterparts except that they are powered by elec-
tric motors which draw their power from electric cables suspended over-
head and thus offer the advantage of not being directly dependent on
petroleum as an energy source. Although many different kinds of conven-
tional buses are in service, the diesel-engine-powered bus seating over
40 passengers is strongly dominant. The importance of bus systems
becomes evident when viewed in relation to all mass transit operations
{see Table 5.5}.

Unfortunately no consistent energy-use information for trolley-
coaches is available after 1972. However, because of the relatively
small market share of trolley coaches (see Table 5.5}, the energy
intensity of bus transit systems may be approximated by the value for
conventional buses. The error introduced by this approximation is con-
sistently less than 2% for 1970-72 and should decline in proportion to
the trolley-coach market share for later vears.

The American Public Transit Association (APTA)} is the prime source
of statistical data for bus systems and annually publishes aggregate
data in the Transit Fact Book and data on individual systems in the
Transit Operating Report. In scope, these data are meant to cover all
U.5. transit systems, both public and private. Excluded from the
statistics are school buses, jitneys, sightseeing buses, and intercity
buses.

All APTA data are derived from an annual survey of its members. The
individual responses are published in the Transit Operating Report. The
aggregate estimates are based on the responses of roughly 125 systems,
which represent approximately 75% of all mass-transit VMT. Values for
the missing systems are estimated on the basis of the number of buses
owned and are adjusted for the service area population (Chomitz, 1978).
Other, perhaps more important, shortcomings exist in the data. An Urban

Mass Transit Administration (UMTA) study reports:
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Table 5.5. Bus Transit Statistics Expressed as
Percent of All Mass Transit, 1976

Trolley Conventional Totala
coach bus
Total vehicles 1.1 82.1 83.1
Total VMT 0.8 78.0 78.8
Revenue passenger rides 1.0 73.5 74.4
All passenger rides 1.1 74.1 75.2
Energy use NA 65.1 NA

NA — Not available,
%yalues do not add because of independent rounding.

Source: American Public Transit Association, Transit Fact
Book, 1976-1977 Edition, Washington, D.C., June 1977.

...the data's main limitations lie in the basic structure
of the reporting elements, a lack of conformity by data
suppliers to.the (APTA reporting) system with regard to
data submissions. In other words, the APTA system does
not provide the scope, uniformity, consistency, and
accuracy that would be desirable for current and future

. *
requirements.

Project FARE, developed by UMIA in association with APTA, aims at
providing a consistent base of information pertaining to mass transit
operations, Until this project is fully implemented, the APTA data are
the best available (Chomitz, 1978).

On the basis of the available APTA data, one can readily calculate
the fuel consumption (mpg) and energy intensity (Btu/VMT) of transit
buses (Tables 5.6-5.9).

*

U.S. Urban Mass Transportation Administration (1977), Urban Mass
Transportation Industry Uniform System of Accounts and Records and
Reporting System, Volume I: General Description, Report No.
UMTA-IT-06-0094-77-1.



5-12

Table 5.6. Stock of Transit Buses Owned
and Leased, 1970-77

Trolley Conventional
Year coaches buses Total
1970 1,050 49,700 50,750
1971 1,037 49,150 50,187
1972 1,030 49,075 50,105
1973 794 48,286 49,080
1974 718 48,700 49,418
1975 703 50,811 51,514
1976 685 52,382 53,067
1977 645 51,968 63,287

Source: American Public Transit
Association, Transit Fact Book, 1977-1978
Edition, Washington, D.C., May 1978.

Table 5.7. VMT, Energy Use, and Energy Intensity
of Trolley Coaches, 1970-77

Vehicle-miles Eneﬁ§y use” ERSTEY MbENSILY

(109) (10% kwWhr) (Kihr/VMT) % (Btu/VMT)b
1970 33.0 143 4,33 49,300
1971 30.8 141 4.58 52,100
1972 29.8 133 4.46 50,800
1973 25.7 93 3.62 41,200
1974 17.6 NA NA = NA -
1975 15.3 NA 3.90 44,300
1976 15.3 NA NA NA
1977 14.8 NA NA NA

NA — Not available.
“Does not include generation losses.

bCalculated assuming 30% efficiency for electrical generation and
distribution.

“Calculation based on individual systems data accounting for 17.9%
of VMT.

Source: American Public Transit Association, Transit Faet Book,
1978 Edition, Washington, D.C., May 1978, American Public Transit
Association, Transit Operating Report for Calendar/Fiscal Year 1975,
Washington, D.C., March 1977.
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Table 5.8. VMT, Energy Use, and Energy Intensity of Conventional Transit Buses,
1970-77

; 6 . .
Vehicle-miles Fuel consumption (10° gal) Energy use Energy intensity

6 1
(187 Gasoline Diesel Propane (10 Btu) (Btu/VMT)
1970 1,409.3 37.2 270.6 31.0 45.17 32,050
1971 1,375:5 29.4 256.8 26.5 41,85 30,420
1972 1,308.0 19.65 253.3 24.4 39.94 30,540
1973 1,370.4 12,33 282.6 15.2 42,21 30,800
1974 1,431.0 7.46 316.4 Syl 45.11 31,520
1975 1,526.0 5.02 365.1 2.6 51.51 33,750
19767 1,581.4 5.20 389.2 1.0 54.72 34,600
1977 1,623.3 8.07 402.8 1.1 56.98 35,100

aPreliminary data.

Source: American Public Transit Association, Transit Fact Book, 1977-1978 Edition,
Washington, D.C., May 1978.

Table 5.9. VMT, Energy Use, and Energy Intensity
for All Transit Bus Operations, 1970-76

Vehicle-miles Energy use Energy intensity
(108) (1012 Btu) (Btu/VMT)

1970 1442.3 46.80 32,450

1971 1406.3 43.45 30,900

1972 1337.8 41.45 31,000

1973 1396.1 43.27 31,000

1974 1448.6 a 4 a 4

1975 1542.3 52,19 33,800

1976 1596.7 a a

1977re 1638.1 a a

“No energy use data available for trolley-bus
operations.

bTrolley—bus energy use estimated from data
accounting for 17.9% of trolley-bus VMT.

cPreliminary data.

Source: American Public Transit Association,
Transit Operating Report for Calendar/Fiscal Year 1976,
Transit Fact Book, Washington, D.C., May 1978,
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The user should be aware that the values presented in the tables

are gross aggregate figures masking all variations from system to system.

As summarized in Table 5.10, tremendous variations exist because of

varying bus sizes, operating, and environmental conditions. The higher

mpg value for gasoline buses in Table 5.10, although perhaps unexpected,

is readily explained in that virtually all large buses are diesel powered

and gasoline engines are generally installed only in smaller buses.

Table 5.10. vVariations in Energy Intensity Among

Systems, 1970, 1973, and 1975

Diesel Gasoline Propane
buses buses buses
1970
Systems in sample 60 14 6
High mpg 7.5 8.2 10.6
Low mpg 3.2 2.4 1.3
Mean mpg 4.7 5.4 3.7
1973
Systems in sample 31 4 3
High mpg 5.5 6.0 3.15
Low mpg 3.1 2.9 2.0
Mean mpg 4.2 4.0 2.4
1975
Systems in sample 78 18 NA
High mpg 7.5 7.4 NA
Low mpg 2.7 2.5 NA
Mean mpg 4.0 5.5 NA

NA — Not available.

Source: Ram K. Mittal, Energy Intensity of

Various Transportation Modes, Draft September

1977;

American Public Transit Association, ITransit Operating
Report for Calendar/Fiscal Year 1975, Washington,

D.C., March 1977.

As no bus transit systems regularly report data
miles or load factors, it is virtually impossible to
values for energy consumption per passenger-mile for
single estimate of total passenger-miles for 1971 is

1974 National Transportation Report (U.S. Department

related to passenger-
derive accurate

the period. A
available from the

of the Interior,
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1970; U.S. Department of Transportation, 1976). As the VMT and passenger-
trip data from this study are in close agreement with APTA data, it is
reasonable to combine the 16,858 x 10° passenger-mile total with the

APTA energy use value, yielding
Bus transit EI for 1971 = 2570 Btu/PM"

An alternative approach yielding a reasonable range of Btu/PM
estimates can be constructed through the use of the passenger-trip data
reported by APTA (Table 5.11}. A parametric analysis of Btu/PM versus
average trip length per passenger-trip yields the series of curves in
Fig. 5.5. These curves may then be entered in the vicinity of the 1971
value of 4.38 (U.S. Department of Transportation, 1976) average miles
per revenue trip to yield reasonable estimates for other years.

In the interest of clarity, not all possible curves for the time
series of data are presented. However, the interested reader may easily
generate the missing curves from the data in this section through the

following approximation technique:

EL = 5iss T -
where
ElI = energy intensity in Btu per passenger-mile,
E = total energy use for the year from Tables 5.6-5.9,
PASS = number of passenger-trips for the year from Table 5.11,
TL = the assumed trip length in miles.

*
Due to the dominance of conventional buses, the value for trolley-
coaches may differ significantly from this average.



Table 5.11. Passenger-Trips on Bus Transit Systems, 1970-1976

Revenue passenger-trips (109) Revenue as percent of total trips

Year . ;

Trolley coach Conviii:onal Total Trolley coach Conviiijonal Total
1970 127.5 4058.3 4185.8 70.1 80.6 80.2
1971 113.1 3734.8 3847.9 76.4 81.9 79.4
1972 98.5 3560.8 3634.4 76.5 792 78.6
1973 736 3652.8 3726.4 75:9 78.7 78.6
1974 59,5 3997.6 4057.1 71.7 80.3 80.2 3
1975 56.0 4094.9 4150.9 71.8 80.5 80.4 o
1976 53.9 4168.0 4221.9 71.9 79.4 79..3
1977% 51.3 4246.5 STe7 NA NA NA

NA — Not available.

a o
Preliminary.

Source: American Public Transit Association, Transit Fact Book, 1976-1977 Edition,
Washington, D.C., June 1977.
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Table 5.12. School Bus Operational Data, 1970 through 1976

1970 1971 1972 1973 1974 1975 1976%

Registered buses, 103 288.7 307.3 318.2 336.0 356.9 368.3 381.5 o

Vehicle-miles traveled on, 10° &

Urban streets 414 429 475 497 520 550 874 -
Main rural roads 784 825 880 920 920 930 1,349 (g] ul
Local rural roads 902 958 1,004 995 1,010 1,020 639 2 s
Total 2,100 2,212 2,359 2,412 2,450 2,500 2,862 o o

Fuel consumed, 108 gal 300 316 320 327 333 342 389.9 o

c

Average mpg 7.00 7.00 7.37 7.37 7.36 7.31 7.34 @

Average Btu/VMT 17,710 17,710 16,820 16,820 16,850 16,960 16,890 w

aHighway categories are based on functional classification inm accordance with 23 U.S.G. 103 (B) (2), (C) (2), (d) (2)
established for 1976 and differ from earlier years. Compared to the earlier procedure, main rural travel is 8% higher,
local rural travel is 36% lower, and urban travel is 1% higher.

Source: U.S. Department of Transportation, Federal Highway Administration, Table VM-1, 1970 and 1976.
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5.4. Summary Graphs and Charts
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6. RAIL PASSENGER TRANSPORTATION

Rail systems enjoy several advantages in relation to other passen-

ger transportatiuvn modes. The most notable of these are:

1. The rolling resistance per unit weight carried is considerably
lower for steel wheels on steel than for the corresponding materials

in alternative modes.

2. The large diesel engines and electrical propulsion systems used
for rail are more efficient than the prime movers used in other

modes.

3. The exclusive right-of-way utilized by most rail systems makes
possible assembly of very large consists and further exploitation

of available economics of scale.

These advantages enable one to formulate readily possible rail con-
sists which are more efficient from a line-haul, energy use per seat-mile
standpoint than any other means of transportation. However, the actual
operational values for the years under analysis are close to an order of
magnitude higher than the theoretically attainable values because of a

combination of the following factors.

1. Current intercity rail consists contain a substantial portion of low-
density cars (parlor, observation, etc.) which are not included in

the theoretical high-efficiency consists.

2. The demand for intercity passenger rail transportation is sufficiently
low that not even the low-density consists are operating at high

load factors.

3. Poor track conditions necessitate slow orders in many instances,

which in turn lead to highly energy-intensive acceleration periods

when normal cruising speeds are resumed.

4. Urban rail systems are faced with a highly peaked and directional

demand profile which causes low overall systems load factors.

This chapter presents data on intercity, commuter, and rail transit

systems.
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6.1 Intercity Rail

In most countries around the world, rail is, and will most likely
remain, one of the mainstays of the intercity passenger transportation
systems. Primarily because of the flexibility of the private automobile
and its widespread use, the intercity rail system in the United States

has experienced sharp declines in popularity over recent years (Table 6.1).

Table 6.1. Historical Trends of
Intercity Rail Service,

1929-19774
Year Passengers-miles
(10%)
1929 24,180
1939 18,645
1944 90,231
1547 39,921
1955 23,747
1965 13,260
1970 6,179
1972 4,332
1974 5,799
1976 5,808
1977 5,710

%For the purpose of this table,
intercity passenger-miles comprise
all passenger-miles not on multiple-
ride tickets. This definition is
not consistent with the definition
used in the remainder of the chap-
ter. However, it is the only defi-
nition for which the historical time
series is available.

Source: Association of American
Rallroads, Yearbook of Railrcad Facts,
1978 Edition, Washington, D.C., 1978.

The declining demand for intercity passenger service has caused
maintaining such service to become associated with ever-increasing losses
for the railroads. Finally, in 1971 the National Railroad Passenger
Corporation (Amtrak) was created by the government to maintain passenger
rail service. Since then Amtrack has assumed virtually all intercity

passenger service, while operating under heavy government subsidies.
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6.1.1 Determinants of energy use

Through the use of sophisticated computer models commonly known as
Train Performance Calculators, a great deal of insight may be gained
into the determinants of energy use for passenger rail systems. These
models simulate the movement of a train over the actual track conditions
(grades, curvatures, and speed limits), taking into account a large
number of the actual design characteristics of the train consist such as
weight, aerodynamic drag coefficient, tractive effort available, trans-
mission efficiency, and brake specific fuel consumption curves. Such a
Train Performance Calculator, written by the author while working at
Union College with R. K. Mittal, was exercised extensively to yield most
of the results presented in this section.

The data presented in Table 6.2 were derived from a series of runs
simulated from New York to Albany following the actual operating speed
limits in 1977, Table 6.3 presents similar results derived from high-
speed* runs from New York to Washington for several electric train
consists.

One of the primary determinants of the possible energy efficiency
that an intercity train can achieve is its consist, i.e., the numbers
and types of cars in the train. It takes roughly the same amount of
energy to pull a sleeper car carrying 20 passengers as it does to pull
a high-density coach car carrying 84 passengers. Yet, on a per-passenger-
mile basis, the coach car will be about 4 times as efficient. Many of
the long-distance rail consists have low energy efficiencies because of
the baggage, diner, lounge, etc., cars included in them, which in essence
have a carrying capacity of close to 0 yet are essential if the gquality

of service needed to attract riders is to be maintained. Table 6.4

*

Speed limits were set at 120 mph maximum. These conditions reflect
the anticipated track conditions once the Northeast Corridor is repaired
and may be considered characteristic of high-speed rail operations. (The
data presented are for comparison purposes only, as pure diesel-electric
equipment cannot run into Grand Central Station. Actual runs employ
hybrid locomotives equipped for third-rail electric pickup below Harmon.)
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Table 6.2. Percent Components of Energy Use for Several Train Consists,
New York to Albany, 1977¢

Consist type

o
Source of loss ESb locomotive- P3OCH. h d

haul ed locomotive- Rohr LRCE

consist hauled Turbeliner

consist

Engine thermal losses 70.3 66.3 88.9 70.0
Auxiliaries (train heating etc.)} 6.0 6.2 2.5 7.3
Transmission losses 4.5 4.5 1.6 4.2
Track resistance {grade curves) 1.9 2.2 0.7 1.9
Rolling resistance 6.5 7.2 2.3 6.6
Aerodynamic drag 5.5 6.3 1.8 3.6
Kinetic losses 6.1 7.3 2.2 6.4
Total 100.0 100.0 100.0 100.0

%These consists are for comparison purposes only; actual operation requires hybrid
locomotives equipped for third-rail electric pickup.

bAn E8 is a locomotive type characteristic of designs in the late 1950s.
“A new locomotive only recently coming into service.

d

A gas-turbine-powered train of French design. The use of turbine power accounts
for the high thermal loss percentage.

eLight, Rapid, Comfortable: a new, Canadian high-speed rail consist.

Source: R. K. Mittal, Energy Intemsity of Intercity Passenger Rail, Washington,
D.C., Dec. 1977, p. 7-3.

presents energy intensity values derived from the Train Performance
Calculator for several hypothetical train consists on a single route.

The additional data presented in Table 6.5, based on a less sophisticated
modeling approach used by the Stanford Research Institute in a recent

study, provides information on further rail consists.

6.1.2 Development of circuities

The values presented in Table 6.6 are the result of an iterative
process, based on the combination of several data sources, aimed at
deriving the passenger-mile-weighted system circuity of 1.256. The
methodology is most easily explained in terms of the column headings
and the available data.
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Table 6.3. Percent Components of Energy Use for Several Electric Train Consists,
New York to Washington, 1977

Consist type

Source of loss EGOCP® cc15000” RC42®
Standard : : .
X locomotive- locomotive- locomotive-
Metroliner . : .
drawn consist drawn comsist drawn consist
Thermal lossesd 63.5 64.3 64.3 64.3
Auxiliaries (heating, etc.) 4.1 3.3 3.5 4.0
Transmission losses® 4.8 6.4 4.8 4.8
Track resistance (grades curves) G.8 0.9 0.9 0.8
Rolling resistance 6.1 4.7 4.7 4.9
Aerodynamic drag 7.4 6.4 6.5 7.2
Kinetic losses 13.2 14.0 15.3 14.1
Total 100.0 100.0 100.0 100.0

%p domestic electric locomotive of recent design,

bA French high-speed electric locomotive.

°A Swedish high-speed electric locomotive.

dlncludes electric generation and transmission losses.

e . . . . . .
For electric locomotives this may be considered 1 locomotive efficiency.

Source: R. K. Mittal, Znergy Intemsity of Interoity Passenger Rail, Washington, D.C.,
Dec. 1977, p. 7-4.

One-way trip length — the round trip length taken from the National
Travel Survey, 1972 divided by two, with the erroneocus circuity

of 1.25 removed. (See Appendix A for all NTS source data.)

Number of trips — the number of trips in the mileage categories
above 80 great-circle miles (gem) are directly available from
the NTS. The total number of trips is available from the reports
filed with the ICC.

Great-circle-passenger-miles — the values for trip lengths over

80 gcm are available from the NTS 72, when the circuity is removed.

Circuity ratio — the values for the individual mileage categories

are aggregated from the data given in Appendix B,
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Table 6.4. Variations in Energy Intensity for Various Train Consists,
New York to Albany®, 1977

El values under
Average

Type of Train No. of
locomotive  50% load  100% load ?geﬁi configuration passengers Remarks
factor factor P
E8 1,627 820 49.66 1-3-1-0 121 Hauling refurbished
E8 820 49.34 1-3-1-0 242 cars
L8 1,430 49.33 2-8-2-1 306
L8 723 49.27 2-8-2-1 612
E8 1,555 49.96 3-8-2-1 306
E8 786 49,93 3-8-2-1 612
P30CH 1,151 50.49 1-3-1-0 156 Amfleet cars
P30CH 582 50.46 1-3-1-0 312
ShPAOF 1,160 50.90 1-3-1-0 156 Amfleet cars
SDPAQF 555 50.50C 1-3-1-0 312
SDP40OF 911 50.25 2-8-2-1 421
SDP40F 462 48.92 2-8-2-1 842 Amfleet cars
SDP4QF 1,035 50.44 3-8-2-1 421
SDP40F 524 50.42 3-8-2-1 842
LRC 1,041 50.48 1-3-1-0 152 LRC-car consists
LRC 528 50.43 1-3-1-0 304

“These consists are for comparison purpeses only; actual operation requires hybrid locomotives
equipped for third-rail electric pickup.

b . sy . .
The figures indicate, in order, the numbers of locomotives, the number of coach cars, the
rumber of snack cars, and the number of parlor cars in the consist.

Source:

R. K. Mittal, Energy Intensity of Intercity Passenger Rail, Washington, D.C.,
Dec. 1977, pp. G-3, G-4.

Route-passenger-miles — for the mileage categories over 80 gem

are calculated as the product of the great-circle-passenger-miles
and the circuity ratios for the distance category. The total

intercity-route passenger-miles are available from the Associatio

of American Railrcads.

Given these data the remaining entries in the table are calculated

as follows:

[Route PM]O_79 = [Route PM]

total — [Route PM]>80

[Great-Circle PM]O_79 = [Route PM]0_79/[Circuity]O_79
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Table 6.5. vVvariations in Energy Intensity for Additional Amtrak Consists

Maximum number

Energy efficiency at

Consist type 54% load factor
of seats (Btu/PM)
0ld equipment, long distance service
8 coaches 400
2 sleepers 44
1 bedroom car 12
2 baggage cars ¢
1 diner U]
1 lounge car ]
3 E8 locomotives ¢]
Total 456 2,500
New equipment, long-distance service
6 bilevel coaches 516
1 bilevel coach (high density) 104
3 sleepers 66
2 baggage cars 0
1 diner 0
2 S5DP40 locomotives 0
Total 686 1,500
New cquipment, short-distance service
5 Amcoaches 420
1 Amcafe 60
1 SDP40 locomotive 0
Total 480 1,100

Source: Stanford Research Institute, Erergy Study of Rail Passenger

Transpertation, Volume 2, Oakland, Calif., Aug. 1977,

Table 6.6. Amtrak Intercity Rail Circuities, 1972

. Number of Great-circle— . . Route—
One-way trip length . . Circuity .
(great-circle miles) trips passenger-miles ratio passenger-miles

(10°) (10%) (108)
0—-79 14,900 656 1.119 734
80159 628 154 1.223 188
160-239 369 150 1.351 202
239-319 98 57 1.557 88
320399 46 37 1.566 57
400-799 274 378 1.486 361
Over 800 329 860 1.405 1,208
Total 16,644 2,292 1.325 3,028

Source: Association of American Railroads, Yearbook of Railroad Facts, 1978
Edition, Washington, D.C., 1978; NTS 72 data appear in Appendix A
for exact reference,
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o0

[Great-Circle PM]total = izo [Great-Circle PM]i

[Circuity] [Route PM] / [Great-Circle PM]

total total total

Unfortunately the average trip length of 182.5 route miles for 1972
shown in the table is not characteristic of years after 1972, when trips
average slightly over 220 route miles. Therefore, the passenger-miles—
weighted circuity for 1972 is not directly applicable to other years.
However, as it is impossible to perform the necessary calculations for
other years, the value of 1.325 may be used, but the results in that
case should be interpreted as lower-bound rather than actual values.

The actual circuity values for other years of operation are probably

significantly higher.

6.1.3 Operational data

Virtually all intercity passenger rall operations are carried out
by Amtrak. A number of commuters also ride the Amtrak system; however,
it is felt that they are a fringe benefit of the intercity system and
should not be subtracted out. Table 6.7 presents . operating statistics

and energy efficiencies for the Amtrak Intercity System.

6.2 Rail Transit Operations

Commonly rail transit systems are broken into the categories of
heavy and light systems. A heavy rail system employs a '"'subway' type
of transit vehicle operating over an exclusive right-of-way with high-
level platform stations. Light rail systems are what are commonly
referred to as streetcars, operating on city streets of semiprivate or
exclusive private rights-of-way. As of 1976 there were 10 heavy and
9 light rail transit systems operating in the U.S. Table 6.8 shows the
total stock of rail transit cars.

The American Public Transit Association is the standard source of
prime data, publishing annual aggregates in the Transit Fact Book and

individual systems data in the Transit Operating Report. Data from this



Table 6.7. Operating Statistics and Energy Efficiencies of the
System, 1972-77

Amtrak Intercity Rail

Year
Equipment
1972 1973 1974 1975 1976 -~ 1977

Rail motor cars

VMT (10%) 11.77 12.55 13.67 15.53 16.35 18.79

Energy use (1012 Btu) 1.39 1.11 1.17 2.00 2.36 2.92

Energy intensity (Btu/VMT) 117,900 89,000 85,600 128,800 144,100 155,300
Locomotive hauled trains:

Passenger car miles (108) 200.6  226.0 245.90 237.6 246.5 242.1

Energy use (1012 Btu) 11.09 12,55 11.82 10.80 11.38 11.41

Energy intensity (Btu/VMT) 55,280 55,520 48,050 45,400 46,250 47110
Total passenger miles (107) 3.039 3.807 4.259 3.753 4.268 4,204
Percent commutation 3.7 3.7 3.1 3.0
Route-mile—based energy intensity

Btu/VMT 58,760 57,270 50,020 50,570 52,270 54,900

Btu/PM 4,110 3,590 3,050 3,410 3,230 3,410
Lower-bound great-circle mile—based energy intensitya

Btu/VMT 77,860 75,880 66,280 67,010 69,260 72,740

Btu/PM 5,450 4,760 4,040 4,520 4,280 4,520

%Because the average trip length for years after 1972 is greater than that for 1972, the year for

which the circuity of 1.35 was calculated, these figures must be considered lower bounds.

Source: National Railroad Passenger Corporation, Annual Report to the Interstate Commerce Commission,
Washington, D.C., 1972-77, Supplemented by personal communications with the National Railroad

Passenger Corporation.

6-9
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Table 6.8, Stock of Rail Transit Cars
Owned and Leased, 1970-77

Cars

Year Light Heavy T

rail rail otal
1970 1,262 9,338 10,600
1971 1,225 9,325 10,550
1972 1,176 9,423 10,599
1973 1,123 9,387 10,510
1974 1,068 9,403 10,471
1975 1,061 9,608 10,7124
1976 963 9,714 10,7204
19770 992 9,639 10,6749

“Includes 45 PRT vehicles, 39 cable cars and
4 inclined plane cars.

Preliminary data.

Source: American Public Transit
Association, Transit Fact Book, 1977-1978
Edition, Washingteon, D.C., May 1978.

source are compiled for heavy rail systems in Table 6.9 and for light

rail systems in Table 6.10. In addition to the general shortcomings of
the data outlined in the quotation from Urban Mass Transportation
Administration on page 5.11, other problems with the data become apparent
on closer examination. The primary problem lies in differing interpre-
tations on the part of the reporting systems of the "electricity used to
operate vehicles." Some systems report total energy use including station
heating and lighting, but others report traction energy use only. The
average difference between total and traction energy use in 1975 was

over 23%. Additional problems arise out of systems' inability to separate

energy used in heavy and light rail operations accurately (Chomitz, 1978).
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Table 6.9. VMT, Energy Use, and Energy Intensity of Heavy
Rail Transit Systems, 1970-77

Energy intensity

Year Vehicle miles Energy use

(10%) (10 kihr) KWhr/WWT¢  Btu/VMTD
1970 407.1 2,261 5.55 63,170
1971 407 .4 2,262 5.55 63,150
1972 386.2 2,149 5.56 63,290
1973 407.3 2,098 5.15 58,580
1974 431.9 NA NA NA
1975 423.1 2,352 5.56 63,290
1976 407.0 NA NA NA
1977¢ 361.3 NA NA NA

NA — Not available.
aElectricity in kWhr, not including generation losses.

bCalculated assuming 30% efficiency for electrical generation
and distribution,

cPreliminary data.

Source: American Public Transit Association, Transit
Faet Book, 1976-1978 Editton, Washington, D.C., May 1978;
K. Chomitz, C. Lave, 4 Survey and Analysis of Energy
Intensity Estimates for Urban Transportation Modes, Irvine,
Calif., 1978.

An additional problem, unique to the heavy rail aggregate energy
intensity value, is the dominance of the New York Subway system. In
1975 this system accounted for over 71% of all heavy rail VMT and a
corresponding percentage of energy use. Therefore, the user of aggregate
heavy rail EI values should be cautious because they tend to represent
the performance of the New York Subways, rather than heavy rail systems
in general. In 1975, for example, traction energy requirements varied

from 4.66 to 8,12 kWhr/VMT for individual systems, with a weighted mean
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Table 6.10. VMT, Energy Use, and Energy Intensity of Light
Rail Transit Systems, 1970—77

Energy intensity

Year Vehicle miles Energy use

(10°) (0% KWhT) o r® B/ vMT?
1970 33.7 157 4,659 52,990
1971 32.7 153 4,679 53,210
1972 31.6 146 4.620 52,550
1973 31.2 140 4.487 51,030
1974 26.9 NA NA NA
1975 23.8 NA NA NA
1976 21.1 NA NA NA
1977¢ 20.4 NA NA NA

NA — Not available.
aElectricity in kWhr, not including generation losses.

5
“Calculated assuming 30% efficiency for electrical
generation and distribution.

cPreliminary data,

Source: American Public Transit Association, Trausit
Fact Book, 1977—78 Edition, Washington, D.C., May 1978.

of 5.56 and an unweighted mean of 5.96. The corresponding value for
the New York Subway was 5.55 KWhr/VMT.

As with other modes of transit operations, no consistent or accurate
time series of passenger-mile or load factor data are available for rail
transit systems. ''Best guess" estimates on the part of the systems'
operators of such data are all that are available. Utilizing these

"best guess'" values for 1975 yields (Chomitz, 1978} :

Heavy rail energy intensity 1975 = 2600 Btu/PM"

*
Traction energy only. If total operating energy were to be used
this value would rise to 3100 Btu/PM.
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System-by-system values vary from 1930 to 4090 Btu/PM, with an
unweighted mean of 3040 Btu/PM (Chomitz, 1978).

Other authors in the past have separated and calculated individual
energy intensity values for "new'" and "old" heavy rail systems. This
was done on the rationale that heavy rail systems constructed in the
future would tend to be more like the 'new' systems and that this separate
value, therefore, needs to be calculated. This author feels that because
each rail transit system is unique, the only way to approximate the
operational energy intensity of a future system with any semblance of
accuracy is through a detailed analysis of the individual proposed
system layout, equipment, and related factors. The distinction between
"new" and ''old" systems is, accordingly, not made.

It is not possible to compute the corresponding aggregate values
for light rail systems after 1973 because of the MBTA's (Massachusetts
Bay Transportation Authority) inability to separate light and heavy rail
energy use. The MBTA is responsible for a large fraction of total U.S.
light rail VMT, and no meaningful average can be computed without their
data.

Data for three individual systems for 1975 are available, yielding
values of 1850, 5750 and 6100 Btu/PM with a weighted mean of 4020 Btu/PM
(American Public Transit Association, 1976). A word of caution concerning
the applicability of these values to new systems is warranted. Virtually
all of the cars used in the above systems are of pre-1940s vintage,

Tests of the new Boeing light rail vehicle in Boston yielded an average
of 9.52 kWhr/VMT for combined above- and below-ground operations (Chomitz,
1978). If these new cars had been in use by those systems (while con-
tinuing the same load factors), the operating energy intensities would
have risen to 4050, 11,100, and 6400 Btu/PM respectively.

Since it is primarily the lack of separate energy use statistics
which precludes the calculation of EI values unique to heavy and light
rall systems in later years, it is possible instead to calculate the

complete time series of EI values for all rail transit systems,
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Table 6.11. VMT, Energy Use, and Energy Intensity of
Rail Transit Systems, 1970-77

Energy Intensity

Year Vehiclesmiles Eneggy use >
(10%) (10° kwhr) kWhr /VMT4 Btu/VMT
1970 440.8 2,561 5.81 66,080
1971 440.0 2,556 5.81 66,070
1972 417.8 2,428 5.81 66,090
1973 438.5 2,331 5.32 60,460
1974 458.8 2,630 5.73 65,200
1975 446.9 2,646 5.92 . 67,340
1976 428.1 2,576 5.76 65,560
1977¢ 381.7¢ 2,303° 6.03° 68,620¢

a _ . . . . s
Electricity in kWhr, not including generation or transmission
losses.

bCalculated assuming 30% efficiency for electrical generation
and distribution,

“Preliminary data.

Source: American Public Transit Association, Transit Fact Book,
1977-78 Edition, Washington, D.C., May 78.

In spite of the inavailability of reliable time-series passenger-
mile data for rail transit systems, it may at times be necessary to
estimate energy intensity on a passenger-mile basis. This can readily
be achieved by assuming an average passenger trip length and utilizing

the following relation:
Fl = pass - 1L -

where

El

energy intensity in Btu per passenger-mile,
E = energy use for the year, from Tables 6.9 and 6.10,
PASS

TL

number of passengers, from Table 6.12,

assumed passenger trip length in miles.
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Table 6.12. Passengers on Rail Transit Systems, 1970-76

Revenys passengers Revenue as percent of total passengers

Year

Li%?36§ail Hea;fé&fil ??32% Light rail Heavy rail  Total
1970 172.4 1573.5 1745.9 8.1 74.4 82.5
1971 155.1 1494.0 1649.1 7.8 74.7 82.5
1972 147.3 1445.7 1593.0 7.6 74.4 82.0
1973 143.5 1423.7 1567.2 7.5 74.1 81.6
1974 113.7 1435.1 1548.8 6.1 76.5 82.6
1975 94.0 1387.8 1492.5 5.2 76.7 82.5
19762 86.0 1353.2 1450.2 4.9 76.9 82.4

aPreliminary data.

Source: American Public Transit Association, Transit Fact Book, 1976—1977 Edition,
Washington, D.C., June 1977.

Estimated mean trip lengths for 1975 are (Stanford Research Institute,
1977): '

Heavy rail — 7.02 miles
Light rail — 3.60 miles

All rail transit — 6.57 miles.

6.3 Commuter Rail

The statistical data presented in this section are based on the
assumption that all intercity passengers are carried by Amtrak and the
Autotrain Corporation. The remaining Class I railroads in their passen-
ger operations are assumed to deal exclusively with commuter traffic.
Although this assumption is not totally valid, as the Southern Railway
and three others are engaged in intercity passenger movement,* the error
introduced by it is very small. It was possible to quantify this error
from disaggregate data available for 1975, the analysis yielding a less

than 2% error. The author feels that this error is of the same magnitude,

*

Furthermore, their engagement is constantly diminishing due to
lack of profitability in providing the service.
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if not smaller, than the reporting errors in the source data, and it is
therefore negligible. Table 6.13 summarizes the operating statistics

of commuter railroads.

Table 6.13, Operational Statistics and Energy Intensities of
Commuter Railroads, 1972-77

1972 1973 1974 1975 1976 1977

Rail motor cars

VMT (10%) 88.07 91.51 99.42 103.3 102.98 98.43

Energy use (1012 Btu) 8.61 10.71 10.24 10.36 9.69 11.57

Energy intensity (Btu/VMT) 97,800 117,100 103,000 100,300 94,100 117,600
Locomotive hauled trains

Passenger car miles (108) 72.91 67.70 70.34 67.02 68.23 65.36

Energy use (1012 Btu) 16.50 14.27 15.29 12.89 10.22 10.36

Energy intensity (Btu/VMT) 226,300 210,800 217,400 192,300 149,800 163,300
Total passenger miles? (109) 5.80 5.92 5.76 5.87
Overall energy intensities

Btu/VMT 156,000 156,900 150,400 136,500 116,300 135,800

Btu/PM 4,400 3,900 3,500 3,790

Source: Association of American Railroads, Statisties of Railroads of Class I,
Years 1967-1977, Washington, D.C., September 1978; Auto-Train Corporation,
Annual Report to the Interstate Commerce Commission, Washington, D.C.,
1972-1977; National Railroad Passenger Corp., Annual Report to the
Interstate Commerce Commigsion, Washington, D.C., 1972-1977.




Appendix A: U.S. DOMESTIC TRAVEL SOURCE DATA, 1972 AND 1976

Presented in this appendix are the source data on U.S. intercity
travel for 1972 and 1976. The 1972 data are taken from the quinquennial
Census of Transportation, National Travel Survey, conducted by the Bureau
of the Census., Beginning in 1974, the U.S. Travel Data Center conducted
similar surveys to bridge the gap between the Department of Commerce
census vears. However, the 1974 and 1975 results from the U.S. Travel
Data Center are mot based on a national probability sample and thus do
not allow direct comparisons to the 1972 Census data. Therefore, they
are not included here. The U.S. Travel Data Center survey data for 1976
are presented here.

Before using the data presented, the reader should be aware of

several characteristics of these data sets.

1. The central unit of measure in both data sets is a "trip,"
defined as "each time a person goes to a place at least 100
miles away from home and returns.'" Thus all round trips of
less than 200 miles are excluded. Also specifically excluded
are travel (1) as part of an operating crew on a train, plane,
bus, truck, or ship; (2) commuting to a place of work; (3) stu-
dent trips to school or those taken while in school; and
(4) travel while on active duty in a military service.

2. The person-miles presented in the original survey data are
approximations of actual route-miles derived by taking the
origin-destination great circle distances and adding to

these the following mode-dependent circuity factors.

Alr: 15%
Rail: 25%
Bus 25%

Auto/truck 56.3%



3. In the surveys, trips to places outside the United States were
included under the person-trip headings but not under person-
miles. In the following tables these trips were also deleted

from the person-trip headings in the following manner:

a. For all U.S. aggregate categories and the intramodal
breakdowns by round-trip distance, the person-trips to
foreign destinations were given and a straightforward deletion
was possible.

b. For the intramodal breakdowns by trip purpose, only the
total trips outside the United States by the mode were
given. The assumption was made that the intramodal trips
outside the United States by trip category followed the
same pattern as at the national intermodal level. For
example: as 22.3% of all trips outside the United States
were to "visit friends and relatives," it was assumed that
also 22.3% of the trips outside the United States by each
mode were also to '"visit friends and relatives.™

A summary of these deleted person-trips is given in Tables A.10 and A.11.
Because the data for 1972 and 1976 are based on sample sizes of
approximately 24,000 and 6,000, respectively, sampling errors are

possible and these are quantified in Table A.1l.




Table A.1. 95% Confidence Intervals for 1972 and 1976
(National Travel Surveys)

Number of person—tripsa 95% Confidence interval
1972 1976 1972 1976
Total 458,483 705,699 6% 6%
Means of transport
Auto/truck 390,678 595,008 +6% +8%
Bus 8,413 . +10%
Air 53,891 79,370 +10% +11%
Train 1,880 +24%
Other 3,626 31,322 +12% +14%
Purpose of trip
Visit friends and relatives 175,868 252,697 6% +9%
Business and conventions 92,571 226,534 *10% +9%
. £10%
Ogtdoor ?ecreatlon ) 57,090 150,468 _10o +92,
Sightseeing and entertainment 60,774 +6%
Other 72,179 76,008 +8% +15%
Round-trip distance, miles
200-399 189,018 266,436 +8% +12%
400-599 91,663 139,987 +8% +9%
600-799 45,454 *10% +112
800-999 25,345 117,301 +8% 1%
1,000-1,999 47,864 79,750 +8% +12%
Over 2,000 40,703 73,895 *+6% +12%
Outside the U.S. 18,436 28,339 +10% +23%

%Includes trips to destinations outside the United States.

eV
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Table A.2. U.S. Aggregate Domestic Travel Data, 1972%

By Mode
Mean
Person-trips Persons Person-miles round-trip
Mode of per length
transportation 10? % trip 10° % (miles)
Auto/truck 382,019 86.8 2.10 256,545 70.8 672
Bus 7,990 1.8 135 5,862 1.6 734
Train 1,744 0.4 1.39 2,046 0.6 1,173
Air 45,585 10.4 1.25 93,742 25.8 2,056
Other 2,710 0.6 1.40 4,211 1.2 1,554
Total 440,047 100.0 1.94 362,406 100.0 824
By Round-Trip Distance
Mean
Person-trips Persons Person-miles round-trip
Round-trip length per length
(miles) 10° ] trip 108 1 (miles)
200-399 189,018 43.0 2.02 54,895 15.2 290
400-599 91,663 20.8 1.97 43,922 12.1 479
600-799 45,454 10.3 1.91 30,718 8.5 676
800-999 25,345 5.8 1.87 22,125 6.1 873
1,000-1,999 47,864 10.9 1.84 65,769 18.1 1,374
Over 2,000 40,703 9.2 1.76 144,977 40.0 3,562
Total 440,047 100.0 1.94 362,406 100.0 824
By Trip Purpose
Mean
Person-trips Persons Person-miles round-trip
per length
Purpose of trip 10° % trip 10° % (miles)
Visit friends and
relatives 171,762 39.0 2.35 140,179 38.7 816
Business and conventions 90,063 20.5 1.23 79,895 22.0 887
Outdoor recreation 54,935 12.5 2.43 32,791 9.0 597
Sightseeing and
entertainment 53,023 12.0 2.21 55,510 15.3% 1,047
Other 70,264 16.0 2.08 54,031 15.0 769
Total 440,047 100.0 1.94 362,406 100.0 824

%A11 distance-related data include the circuity ratios listed on page A-2Z.

Source: U.S. Department of Commerce, Bureau of the Census, 1972 Census
of Transportation, Vol. 1, National Travel Survey, Washington,
D.C., February 1974,
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Table A.3. U.S. Aggregate Domestic Travel Data, 19767

By Mode
Mean
Person-trips Persons Person-miles round-trip
Mode of per length
transportation 10?2 % trip 10° % (miles)
Auto/truck 580,829 85.8 2.18 431,735 71.0 743
Air 68,578 10.1 1.27 149,204 24.5 2,176
Other 27,962 4.1 1.53 27,163 4.5 971
Total 677,369 100.0 2.00 608,102 100.0 898
By Round-Trip Distance
Mean
Person-trips Persons Person-miles round-trip
Round-trip length per length
(miles) 10°? % trip 10® % (miles)
200-299 136,937 20.2 2.09 35,018 5.7 256
300-399 129,499 19.1 2.03 44,827 7.4 346
400-599 139,987 20.7 2.02 67,796 11.2 484
600-999 117,301 17.3 1.95 88,664 14.6 756
1,000-1,999 79,750 11.8 1.95 109,609 18.0 1,374
Over 2,000 73,895 10.9 1.86 262,195 43.1 3,548
Total 677,369 100.0 2.00 608,109 100.0 898
By Trip Purpose
Mean
Person-trips Persons Person-miles round-trip
per length
Purpose of trip 10? % trip 108 % (miles)
Visit friends and
relatives 248,971 36.7 2.33 228,165 37.5 919
Other pleasure 207,312 30.6 2.18 195,896 32.2 945
Business 146,734 21.7 1.46 127,687 21.0 870
Other 74,352 11.0 2.03 56,360 9.3 758
Total 677,369 100.0 2.00 608,108 100.0 898

9p11 distance-related data include the circuity ratios listed on page A-2.

Source: U.S. Travel Data Center, 1976 National Travel Survey, Full Year
Report, Washington, D.C., 1977.
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Table A.4. Domestic Air Travel Data, 1972
By Round-Trip Distance
Mean
Person-trips Persons Person-miles round-trip
Round-trip length per length
(miles) 10° % trip 108 % (miles)
200-399 2,212 4.8 1.14 619 0.7 280
400-599 4,472 9.8 1.10 2,064 2.2 462
600-799 4,357 9.6 1..15 2,818 3.0 647
800-999 4,281 9.4 1.18 3,532 3.8 825
1,000-1,999 11,686 256 123 15,786 16.8 1,351
Over 2,000 18,576 40.8 1.39 68,923 73.5 3,710
Total 45,584 100.0 1.25 93,742 100.0 2,056
By Trip Purpose
. Mean
Person-trips Persons Person-miles round-trip
) per length
Purpose of trip 10° % trip 108 9 (miles)
Visit friends and
relatives 10,959 24.0 1.51 25,775 27.5 2 352
Business and conventions 25,567 56.1 110 41,085 43.8 ,607
Outdoor recreation 390 0.9 2.62 1,885 2.0 4,833
Sightseeing and
entertainment 3,521 7.3 1572 13,119 14.0 3,951
Other 5,347 11.7 1.45 11,878 12.7 24221
Total 45,584 100.0 1..:25 93,742 100.0 2,056

a ; : .
A circulty ratio

in all distance-related data.

of 1.15 over the great-circle distance is included

Source: U.S. Department of Commerce, Bureau of the Census, 1972 Census
of Transportation, Vol. 1, National Travel Survey, Washington,

D.C., February 1974.



Table A.5. Domestic Air Travel Data, 1976%

By Round-Trip Distance

Mean
Person-trips Persons Person-miles round-trip
Round-trip length per length
(miles) 10° % trip 108 % (miles)
200-299 1,833 .7 1.10 478 0.3 261
300-399 1,719 2.5 1.30 600 0.4 349
400-599 6,879 10.0 1.14 3,444 2.3 501
600-999 14,356 20.9 1.17 11,014 7.4 767
1,000-1,999 15,709 22.9 1.24 22,741 15.2 1,448
Over 2,000 28,083 41.0 1.39 110,928 74.4 3,950
Total 68,579 100.0 1.27 149,205 100.0 2,176
By Trip-Purpose
Mean
Person-trips Persons Person-miles round-trip
per length
Purpose of trip 10° % trip 108 % (miles)
Visit friends and
relatives 18,833 27.5 1.52 45,441 30.5 2,413
Other pleasure 13,562 19.8 1.53 42,632 28.6 3,143
Business 29,719 43.3 1.09 51,418 34.4 1,730
Other 6,465 9.4 1.19 9,714 6.5 1,503
Total 68,579 100.0 1.27 149,205 100.0 2,176

%p circuity ratio of 1.15 over the great-circle distance is included
in all distance-related data.

Source: U.S. Travel Data Center, 1976 National Travel Survey, Full
Year Report, Washington, D.C., 1977.
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Table A.6. Domestic Auto/Truck Travel Data, 1972%
By Round-Trip Distance

Mean
Person-trips Persons Person-miles round-trip
Round-trip length per length
(miles) 102 % trip 108 % (miles)
200-399 182,057 47.7 2.06 53,937 21.0 296
400-599 84,615 22.1 2.09 41,315 16.1 488
600-799 39,955 10.5 2.09 27,477 10.7 688
800-999 20,355 5.3 2.17 18,095 Tl 889
1,000-1,999 34,306 9.0 2,25 47,260 18.4 1,378
Over 2,000 20,732 5.4 2.34 68,461 26.7 3,302
Total 382,020 100.0 2.10 256,544 100.0 672
By Trip Purpose
Mean
Person-trips Persons " Person-miles round-trip
per length
Purpose of trip 10° % trip 10° % (miles)
Visit friends and
relatives 156,749 41.0 2.49 110,620 43.1 706
Business and conventions 62,540 16.4 1.29 35,009 13.6 560
Qutdoor recreation 53,627 14.0 2.45 30,741 12.0 573
Sightseeing and
entertainment 46,529 12:2 2.35 40,202 15.7 864
Other 62,575 16.4 2.19 39,972 15.6 639
Total 382,020 100.0 211 256,544 100.0 672

aCircuity ratios of 1.56 over the great-circle distance are included
in all distance-related data.

Source: U.S. Department of Commerce, Bureau of the Census, 1972 Census
of Transportation, Vol. 1, National Travel Survey, Washington,
D.C., February 1974.
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Table A.7. Domestic Auto/Truck Travel Data, 1976%

By Round-Trip Distance

Mean
Person-trips Persons Person-miles round-trip
Round-trip length per length
(miles) 10° % trip 10° % (miles)
200-299 129,288 22.2 2,17 33,078 7.7 256
300-399 124,261 21.4 2.08 43,017 10.0 346
400-599 126,960 21.9 2,15 61,298 14.2 483
600-999 97,526 16.8 2.18 73,611 17.0 755
1,000-1,999 60,154 10.4 2.32 81,374 18.8 1,353
Over 2,000 42,650 y e 2.43 139,365 32.3 3,268
Total 580,839 100.0 2.18 431,743 100.0 743
By Trip Purpose
Mean
Person-trips Persons Person-miles round-trip
per length
Purpose of trip 10° % trip 10® % (miles)
Visit friends and
relatives 223,338 38.4 2.51 176,021 40.7 788
Other pleasure 177,751 30.6 2.31 133,563 31.9 774
Business 113,804 19.6 1.60 72,886 16.9 640
Other 65,945 11.4 2.20 45,241 10.5 686
Total 580,835 100.0 2.18 431,741 100.0 743

aCircuity ratios of 1.56 over the great-circle distance are included in
in all distance-related data.

Source: U.S. Travel Data Center, 1976 National Travel Survey, Full
Year Report, Washington, D.C., 1977.
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By Round-Trip Distance

Domestic Bus Travel Data, 19724

Mean
Person-trips Persons Person-miles round-trip
Round-trip length per length
(miles) 10° % trip 10° % (miles)
200-399 3,525 44.1 1.37 1,109 18.9 315
400-599 1,854 23.2 1.29 970 16.6 523
600-799 746 9.3 1.31 555 9.5 744
800-999 438 5.5 1.47 420 7.2 959
1,000-1,999 1,039 13.0 1.37 15835 26.1 1,475
Over 2,000 388 4.9 1.36 1,275 21.7 3,286
Total 7,990 100.0 1.35 5,862 100.0 734
By Trip Purpose
Mean
Person-trips Persons Person-miles round-trip
per length
Purpose of trip 10? % trip 10° % (miles)
Visit friends and
relatives 2,652 33.2 133 2,091 3547 788
Business and conventions 966 12.0 1:27 713 12.2 738
Outdoor recreation 539 6.8 1..35 395 6.7 733
Sightseeing and enter
entertainment 2,407 30.1 1.40 1,572 26.8 653
Other 1,426 17.9 1.35 1,091 18.6 765
Total 7,990 100.0 1.35 5,862 100.0 734

7\ circuity ratio of 1.25 over the great-circle distance is included
in all distance-related data,

Source: U.S. Department of Commerce, Bureau of the Census, 1972 (Census
of Transportation, Vol. 1, National Travel Survey, Washington,
D.C., February 1974.
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DUE TO THE SMALLER SAMPLE SIZE, NO BUS TRAVEL DATA ARE

AVAILABLE FROM THE 1976 SURVEY
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Table A.9. Domestic Rail Travel Data, 1972%

By Round-Trip Distance

Mean
Person-trips Persons Person-miles round-trip
Round-trip length per length
(miles) 10° % trip 108 % (miles)
200-399 628 36.0 1.19 193 9.4 307
400-599 369 21.2 .28 188 9.2 509
600-799 98 5.6 1.22 71 3.5 724
800-999 46 2.6 1.53 46 2.3 1,000
1,000-1,999 274 15.7 1.64 473 23:1 1,726
Over 2,000 329 18.9 2.08 1,075 52.5 3,267
Total 1,744 100.0 1.40 2,046 100.0 1,173
By Trip Purpose
Mean
Person-trips Persons Person-miles round-trip
per length
Purpose of trip 10° % trip ' 108 % (miles)
Visit friends and
relatives 720 41.3 1.43 1,047 51.2 1,454
Business and conventions 548 31.4 1.18 442 21.6 806
Outdoor recreation 24 1.4 1.60 62 3.0 2,583
Sightseeing and
entertainment 265 1552 1.83 298 14.6 1,125
Other 187 10.7 1.53 197 9.6 1,053
Total 1,744 100.0 1.39 2,046 100.0 1173

a, . . . N : o
A circuity ratio of 1.25 over the great-circle distance is included
in all distance-related data.

Source: U.S. Department of Commerce, Bureau of the Census, 1972 Census

of Transportation, Vol. 1, National Travel Survey, Washington,
D.C., February 1974.




A-13

DUE TO THE SMALLER SAMPLE SIZE, NO RAIL TRAVEL DATA ARE

AVAILABLE FROM THE 1976 SURVEY




Table A.10. Person-Trips Outside U.S. Deleted from 1972 Data
(person-trips x 103)

Auto/truck Air Bus Train Other Total
Visit friends and relatives 1,928 1,850 94 33 201 4,106
Business 1,177 1,130 58 18 125 2,508
Outdoor recreation 1,012 971 49 15 108 2,155
Sightseeing and entertainment 3,639 3,492 178 58 384 7,751
Other 898 863 44 13 97 1,915
Total 8,654 8,306 423 137 915 18,435

Table A.11. Person-Trips Outside U.S. Deleted from 1976 Data
(person-trips x 103)

Auto/truck Air Other Total

Visit friends and relatives 1,863 1,419 444 3,726
Business 1,868 1,422 444 3,734
Other pleasure 9,618 7,319 2,285 19,222
Other 830 632 187 1,657
Total 14,179 10,792 3,368 28,339

vi-v



Appendix B: INTERCITY MODAL CIRCUITIES SOURCE DATA

Because the statistics for all intercity passenger transportation
modes except air are reported on a route-mile basis, any vehicle or
passenger-mile data must be normalized to a common basis before any
"fair" intermodal comparisons can be made. The great-circle intercity
distances readily lend themselves to this task as they represent an
accurate measure of the productive output of the modal movements. In
order to ensure an adequate coverage of the transportation systems, the
distances between the 50 largest SMSAs, as given in the Statistical
Abstract of the United States, 1875, were calculated and subsequently
aggregated to coincide roughly with the distance categories used in the
1872 Census of Transportation.

Great-Circle Distances: The latitude and longitude of the city

centers were taken from the National Atlas of the United States of
America by the U.S. Geological Survey and utilized in a navigational

formula to calculate the great-circle distances:

D = 60 cos }[sin L; sin Ly + cos L; cos Ly cos(hp - 21)][1.1508] ,

where
D = great-circle distance in statute miles,
Ly and L, = latitudes of the city centers,
x1 and A, = longitudes of the city centers,
1.1508 = conversion from nautical to statute miles.

The individual city-pair great-circle distances are given in Table B.4.

Aircraft Source Distances: All statistics for the air mode are

published in terms of great-circle airport to airport distances, and no
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further adjustments are needed. A circuity of 1.0 was assigned to all

air trips. It was felt that this was justified because this analysis
deals only with the line haul portion of trips. The additional circuities
encountered by the other modes in moving to the stations or city centers
would be negligible in relation to the overall circuities encountered.

Automobile Source Distances: The automobile distances were calculated

from mileage guides furnished by the American Automobile Association and
revised to 1978 (Table B.1). These distances reflect thruway distances,
which tend to minimize driving time and effort, rather than the shortest
possible routes. The individual city-pair circuities for automobiles
are given in Table B.5.

Table B.1. Mean Automobile Circuities by
Distance Category

Mean circuit ratioa
City-pair distance o

(miles) By GCD class By route-mile class

099 1.222 1.130
100—-149 1.149 1.126
150-199 1.214 1.141
200299 1.274 1.156
300499 1.230 1.210
500999 1.214 1.221
Over 1,000 1.213 1.215
All 1.215 1.215

r route distance
T GCD

a . .
Average circuity =

Bus Source Distances: The routing were developed from the Greyhound

Lines, System Timetable, 1978 for the most direct or through bus routes

and combined with the city-center to city-center mileages from the
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Rand MceNally Mileage Guide, 1976 (Table B.2). The mileages in the guide
are for the shortest recommended truck routes, that is, the shortest
permissable routes for large commercial vehicles. The individual city-

pair circuities for buses are given in Table B.6.

Table B.2. Mean Bus Circuities by Distance Category

Mean circuity ratio®
City-pair distance y

(miles) By GCD class By route-mile class

099 1.176 1.089
100149 1.121 1.103
150199 1.127 1.149
200299 1.200 1.127
300499 1.208 1.183
500999 1.207 1.204
Over 1,000 1.201 1.204
All 1.202 1.202

Z route distance
T GCD

aAverage circuity =

Rail Source Distances: The station to station distances were taken

directly from The Official Railway Guide, North American Passenger Travel
Edition, 1978 (Table B.3). It was justifiable to use the station to
station distances because railroad stations tend to be relatively close
to the city centers and any deviations from the city centers would tend

to cancel themselves in the sample of 50. 1In any case, errors introduced

through this assumption should be small compared to the line-haul distances

invelved. In the course of the analysis it became necessary to drop
city-pairs for one of two reasons: (1) there was no rail service

connecting them; or (2) the circuity involved was over 2.5, and it was
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assumed that the corresponding travel time would be prohibitively high,

thus effectively removing rail from competition for that city-pair.

Table B.3. Mean Passenger Rail Circuities by
Distance Category

Mean circuity ratio”
City-pair distance y

(miles) By GCD class By route-mile class

099 1.102 1.097
100149 1.310 1.115
150199 1.322 1.127
200299 1.507 1.168
300499 1.538 1.292
5009599 1.455 1,390
Over 1,000 1.402 1.426
All 1.419 1.419

I route distance
T GCD

a . .
Average circuity =

Route by route passenger-mile statistics were available for 1975,
and from these a passenger-mile weighted circuity of 1.245 was calculated
for the Amtrak network. However it is felt that this figure is of little
value because it carried the implicit assumption that Amtrak riders
never switched trains, or at least never traveled between cities not
enjoying direct service. The individual city-pair circuities for rail

are given in Table B.7.
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3.
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9.
10.
11.
12.
13.
14,
15.
16.
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14.
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21.
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23.
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25.
26.
27.
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31.
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33.
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36.
7.
38.
39.
4o,
41.
42,
43,
4u,
usS.
46.
47.
a8,
u9,
50.

NEW YORK
CHICAGO

LDOS ANGELES
PHILADELFHIA
HOUSTON
DETROIT
BALTIMORE
DALLAS

SAN DIEGO
SAN ANTONIO
INDTANAPOLIS
WA SHINGTON
MILWAUKEE
PHOENIX

SAN FRANCISCO
MEMPHIS
CLEVELANT

BO STON
JACKSONVILLE
NEW ORLEANS
SAN JOSF
COLUMBUS

ST. LOUTS
SEATTLE
DENVER
KANSAS CITY
PTTTSRURGH
NASHVILLE
ATLANTA
CINCINNATI
BUFFALO

EL PASO
MINNEAPOLIS
OMAHA

TOLFDO
ORLAHOMA CITY
MIANMI

FORT WORTH
PORTLAND
HONOLOL™
NEWARK
LOUISVILLE
LONG BEACH
TOLSA
OAKLAND
ATUSTIN
TUCSON

BATON ROUGE
NNORFOLK
CHARLOTTE

City-Fair Great-Circle Distances

Table B.4.
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0. T711. 2644, 81, 1816. 481. 170. 1371.
711. 0. 1742. 663. 9u1. 236. 604. 805.
2040, 1742, 0. 2387. 1371. 1978. 2313. 1236.
81. 663. 2387. . 1338, 4u2.  90. 1297.
1416. 941. 1371. 1338, 0. 1105. 1249, 225.
n81. 236. 1978. 442, 1105. 0. 396. 999.
170. 604. 2313.  90. 1249. 396. 0. 1211,
1371. 805. 1236. 1297. 225. 999. 1211. 0.
2426. 1730. 112. 2366. 1300. 1967. 2290. 1180.
1581. 1053. 1201. 1504. 190, 1238. 1416. 252.
643. 165. 1805. 5B2. 865. 240. 509. 764.
204. 594. 2293. 124. 1217. 395, 35. 1182.
732. 81. 1740. 692. 1005. 252. 641. 857.
2138, 1451. 357. 2076. 1014. 1686. 1999. 883,
2564, 1854, 347. 2515. 1641. 2085. 2449. 1479.
954, 485. 1599. 879. U482. 624. T92. 419.
404. 307. 2043. 358. 1113.  90. 308. 1024.
190. 848. 2589. 271. 1602. 611. 360. 1549.
835. B864. 2142. 758. AR20. B832. 681. 907.
1167. B834. 1669. 1087. 318. 939. 997. 4u3.
2547. 1837. 304. 2497. 1607. 2069. 2430. 1447.
476. 275. 1972. 415. 991. 164. 343. 912,
871. 263. 1585. 808. 679. 454. 730. 5U4B.
2401. 1732. 958. 2372. 1888. 1932, 2326. 1678.
1627. 918. 829. 1574. 878. 1153. 1505. 662,
1093. 412. 1354. 1038. 686. 643. 960. 454,
316. 408. 2130. 258. 1135. 205. 196. 1068.
758. 398. 1776. 683. 665. 470. 595. 617.
745. 589. 1932. 665. 700. 597. S576. 720.
567. 252. 1891. 501. 892. 236. 423. 813.
292. 851, 2192. 279. 1285. 216. 275. 1198.
1899. 1251. 700. 1831. 674. 1476. 1748. 569.
1016. 354. 1521. 983. 1057. 542. 936. B864.
1145, 43S, 1309. 1094. 796. 670. 1028. 589.
500. 211. 1949. 453. 1053. 54. 398. 951,
1322. 691, 1179. 1255. 415. 907. 1173, 192.
1091. 1190. 2334. 1021. 966. 1155. 956. 1110.
1396. 823. 1209. 1323. 236. 1020. 1236.  28.
2435. 1751. 825. 2401. 1831. 1960. 2351. 1627.
0. 0. 0. 0. 0. 0. 0. 0.

9. 701. 2435.  75. 1409. 672. 163. 1363.
649. 270. 1825. 580. B802. 316. 497. 726.
2649, 1747.  20. 2391. 1365. 19B4. 2317. 1234.
1222. S94. 1267. 1155. 443, 808. 1073. 239.
2556. 1845. 3u3. 2507. 1638. 2077. 2641. 1471.
1509.. 978. 1224. 1434, 147. 1163. 1345. 181.
2118. 1443, 8u0. 2053. 938. 1675. 1973. 82S.
1193. 814, 1595. 1114. 2548. 936. 102t. 368.
294. 697. 2349. 223. 1202. 522. 170. 1194,
§31. 588. 2114. 451. 9248. 505. 365. 928.
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2026. 1581. 683. 204. 732. 2138. 2564. 9S4. 404,
1730. 1053. 165. 594. 81. 1451. 1854. U485. 307.
112. 1201. 1805. 2293. 1780. 357. 347. 1599. 2043.
2366. 1504, 582. 124. 692. 2076. 2515. 879. 358.
1300. 190. 865. 1217. 1005. 1014. 1641. 482. 1113,
1967. 1238. 260. 395. 252. 1686. 2085. 624. 90.
2290. 1416. 509. 35. 641. 1999. 2449, 792. 308.
1180. 252. 764. 1182. 857. 883. 1479. 419. 1024.
0. 1125. 1784. 2268. 1734. 298. 458. 1537. 2028.
1125. 0. 999. 1385. 1107. 8066. 1486. 630. 1256.
1784. 999, 0. 491. 283, 1495, 1944. 385. 262.
2268, 1385. 491, 0. 635. 1976. 2434. 763. 305.
1734. 1107. 283. 635. 0. 1460. 1837. 558. 335.
298. B846. 1495. 1976. 1460. 0. 652. 1259. 1744.
458. 1486. 1944. 2434. 1837. 652. 0. 1798. 2160.
1557. 630. 385. 763. 558. 1259. 1798. 0. 631.
2028. 1256. 262. 305. 335. 1744. 2160. 631. 0.
2577. 1764. 805. 394. 855. 2293. 2691. 1135. 550.
2086. 1009. 699. 687. 943, 1790. 2368. 589. 771.
1604. S07. 712. 963. 911. 1313. 1921. 356. 923.
416. 1450. 1924. 2414. 1821. 613. 42, 1771. 2143,
1951. 1139. 168. 327. 331. 1663. 2107. 510. 126.
1560. 792. 230. 708. 328. 1269. 1741. 241. 491,
1063. 1784. 1866. 2321. 1686. 1113. 678. 1863. 2019.
832, 802. 998. 1Wu88. 912. 585. 947. 877. 1223.
1333. 704. 451. 940. uwu41. 1047. 1502. 370. 697.
2111. 1289. 328. 191. 445. 1823. 2258. 659. 115.
1739. 823. 251. 566. 479. 1442. 1957. 197. 4S8.
1886. 8B1. 427. S41. 669. 1588. 2134. 336. 555.
1867. 1038. 99. 402. 324. 1576. 2037. 410. 222,
2182. 1429. 434. 292. 457. 1901. 2293. 803. 173.
627. 501. 1262. 1722. 1277. 3u86. 993. 973. 1522.
1530. 1112. 511. 931. 298. 1278. 1580. 701. 629.
1303. 831. 527. 1014. 431. 1032. 1421. 534. 740.
1935. 1187. 188. 392. 243. 1652, 2064. 572. 96.
1138. 423. 687. 1148. 730, 840. 1385. 420. 947.
2266. 1147. 1026. 924, 1269. 1977. 2589. '872. 1089.
1152, 240. 786. 1208. 874, B855. 1453. 4u6. 1047,
932. 1716. 1877. 23u3. 1711. 1004. 536. 1843. 2045.
0. 0. 0. 0. 0. 0. 0. 0. 0.
2417. 1573. 634. 198. 723. 2130. 2555. 946. 395.
1797. 949. 107. u73. 349, 1504. 1981. 321. 311,
94. 1194. 1809. 2296. 1747. 352. 364. 1599. 2048.
1230. 489. S5S86. 1049. 637. 934. 1462. 336. B47.
455. 1479. 1935. 2425. 1828. 6U6. 8. 1789. 21S2.
1153, J4. 925. 1314. 1034. 868. 1498. 558. 1182,
362. 764. 1475. 1949. 1458. 107. 752. 1216. 1729.
1532. 443. 703. 991. 888. 1239. 1846. 329. 927.
2318, 1378. S71. 147. 7Tu8. 2022. 2508. 778. 432.
2075. 1103. 428. 329. 659. 1777. 2295. 520. 436.
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1. NEW YORK 190. 835. 1167. 2587. #76. B71. 2401. 1627. 1093. 316. 758. 745. 567. 292. 1899. 1016. 1145,
2. CHICAGO 848. B864. B834. 1837. 275. 263. 1732. 918. 412. 008. 398. 5B9. 252. 451. 1251. 354. 435.
3. LOS ANGELES 2589, 2142. 1669. 304. 1972. 1585. 958. B829. 1354. 2130. 1776. 1932. 1891. 2192. 700. 1521. 1309.
4. PHILADELPHIA 271. 758. 1087. 2497. 415. 808. 2372. 1574. 1034. 258. 683. 665. S501. 279. 1831. 983. 1094.
5. HOUSTON 1602. B820. 318. 1607. 991. 679. 1888. 878. 646. 1135. 665. 700. 892. 1285. 674. 1057. 7T96.
6. DETROIT 611. 832. 939. 2069, 164. 454. 1932. 1153. 643. 205. 670. 597. 236. 216. 1476. 542. 670.
7. BALTIMORE 360. 681. 997. 2430. 3u43. 730. 2326. 1505. 960. 196. 595. 576. 423. 275. 1788. 936. 1028.
8. DALLAS 1549. 907. L443. 1447. 912. 5S48. 1678. 662. G54. 1068. 617. 720. B813. 1198. 569. 864, 589.
9. SAN DIEGO 2577. 2086. 1604. 416. 1951. 1560. 1063. B832. 1333. 2111. 1739. 1886. 1867. 2182. 627. 1530. 1303.
10. SAN ANTONIO 1764. 1009. 507. 1850. 1139. 792. 17R4. 802. 704. 1289. 823. 8381. 1038. 1429. SO01. 1112. 831
11. TNDIANAPOLIS 805. 699. 712. 1924. 168. 230. 1866. 998. 451. 328. 251. 427. 99. 434, 1262. 511. 527.
12. WASHINGTON 394, 647. 963. 2414. 327. 708. 2321. 16888. 940. 191. 566. S41. 402. 292. 1722. 931. 1014,
13. MILWAUKEE a55. 943. 911. 1821. 1331. 1328. 1686. 912. 4u1. 445, 8T79. 669. 324. 457. 1277. 298. 431,
14. PHOENIX 2293. 1790. 1313. 613. 1663. 1269. 1113. 585. 1047. 1823. 1u42. 1588. 1576. 1901. 386. 1278. 1032.
15. SAN PRANCISCO  2691. 2368. 1921. 2. 2107. 1741. 678. 947. 1502. 2258. 1957. 213a. 2037. 2293. 993. 1580. 1421.
16. MENPHIS 3135. 589, 356. 1771. 510. 241. 1863. B877. 1370. 659. 197. 336, 410. 803. 973. 701. 534,
17. CLEVELANED 550. 771. 923. 2183. 126. G491. 2019. 1223. 697. 115. 858. 555. 222. 173. 1522. 629. 740.
18. BOSTON 0. 1017. 1357. 2676. 642. 1035. 26484. 1764. 1247. 482. 941. 935. 738. 399. 2067. 1120. 1281.
19. JACKSCONVILLE 1017. 0. 502. 2339. 669. 750. 2450. 1464. 949. 704. 500. 285. 627. 880. 1469. 1191. 1101.
20. NEW ORLEANS 1357. 502. 0. 1888. 797. 598. 2097. 1079. 681. 918. 468. 23. 705. 1085. 980. 1052. 849. I
21. SAN JOSE 2676. 2339. 1888. 0. 2088. 1719. 709. 926. 1481. 2260. 1933. 2107. 2017. 2278. 955. 1569. 1403. @
22. COLUMBUS 642. 669. 797. 2088. 0. 395. 2007. 1163. 619. 161. 333. 036. 100. 294. 1425. 626. 687.
23. ST. LOUIS 10135. 750. 598. 1719. 395, 0. 1720. 795. 238. 556. 253. 466. 307. 661. 1032. 667. 359.
24. SEATTLE 2484, 2450. 2097. 709. 2007. 1720. 0. 1018. 1502. 2131. 1969. 2177. 1965. 2109. 1375. 1390. 1361.
25. DENVER 1764. 1464. 1079. 926. 1163. 795. 1018, 0. 557. 1316. 1020. 1209. 1091. 1366. 558. 698. 483.
26. KANSAS CITY 1247. 989. 681, 1w81. 619. 238. 1502. 557. 0. 778. 472. 675. 539. B856. 839. 412. 169.
27. PITTSBURGH 482. 708. 918. 2240. 161. 556. 2131. 1316. 778. 0. 471. 521. 256. 179. 1586. 7T41. 836.
2R, NASHVILLE 941. 500. 468. 1933. 333. 253. 1969. 1020. 472. 471. 0. 215. 238. 626. 1166. 697. 610.
29. ATLANTA 935. 285. 423. 2107. UG36. 466. 2177.- 1209. 675. 521. 215. 0. 369. 698. 1288. 908. B821.
30. CINCINNATI 738. 627. 705. 2017. 100. 307. 1965. 1091. 539. 256. 238. 369, 0. 393. 1332. 605. 624.
31. BUFFALO 399. 880. 1085. 2278. 294. 661. 2109. 1366. B858. 179. 626. 698. 393. 0. 1689. 729. 883.
32. EL PASO 2067. 1869. 980. 955. 1425. 1032. 1375. 558. 839. 1586. 1166. 1288. 1332. 1689. 0. 1157. 876.
33. MINNEAPOLIS 1120. 1191. 1052. 1569. 626. 467. 1390. 698. #12. 741. 697. 908. 605. 729. 1157. 0. 290.
35, OMAHA 1281. 1101. 849. 1403. 687. 359. 1361. 483. 169. B836. 610. B821. 624. B883. B8T76. 290. 0.
35. TOLEDGQ 642. 788. 885. 2048, 120. 609. 1929. 1128. 606. 202. 417. 547. 183. 253. 1435. 540. 645.
36. OKLAHONA CITY  1890. 984. S76. 1357. 849. a857. 1521. 503. 296. 1010. 602. 754. 755. 1117. 577. 692. 408,
37. MIAMNI 1257. 327. 668. 2557. 993. 1060. 2729. 1728. 1242. 1012. 816. 605. 954. 1184, 1639. 1512. 101
38. PORT WORTH 1576, 934. #68. 1821. 936. 568. 1659. 645. 464. 1093. 643. 748. B837. 1220. 541. 872. 593.
39. PORTLAND 2528. 2032. 2056. 567. 2028. 1716. 143. 978. 1890. 2155. 1962. 2165. 1976. 2146. 1285. 1419. 1360.
30. HONOLULU 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
41. NEWARK 196. 832. 1160. 2538. 468. 863. 2392. 1617. 1084. 307. 750. 739. 559. 284. 1890. 1007. 1135.
42. LOOTSVILLE 823. 594. 622. 1959. 189. 2u1. 1937. 1035. 479. 3e2. 154. 320. 89, 483. 1251. 605. 582.
43. LONG BEACH 2595. 2140. 1665. 322. 1976. 1589. 978. B837. 1357. 2135. 1777. 1931. 1895. 2198. 693. 1530. 1316.
44. TULSA 1390. 915. 545. 1335. 7T48. 356. 1560. 552. 216. 909. 509. 672. 655. 1017. 677. 625. 354.
45. OAKLAND 2683, 2360. 1913.  39. 2099. 1732. 676. 938. 1494, 2289. 1949. 2126. 2029. 2285. 986. 1572. 1813
46. ADSTIN 1692. 958. 459. 1463. 1065. 718. 1767.. 770. 635. 1216. 752. 817. 965. 1355. 527. 1044, 766.
47. TUCSON 2278. 1729. 1244. T12. 1641. 1246. 1218, 617. 1033. 1803. 1404. 1539. 1552. 1890. 265. 1295. 1035.
48. BATON ROUGE 1382, 567. 75. 1814. 802. 567. 2026. 1008. 627. 932. 4#69. 458, 707. 1094. 908. 1010. 795.
49. NORPOLK 471. S45. 924. 2087. 4#22. 76B. 2029. 1561. 1006. 319. 584. 5S04, 674, 439. 1750. 1046. 1098.
50. CHARLOTTE 721, 381. 687. 2271. 38B. 566. 2279. 1355. 801. 363. 339. 226. 335, 540. 1891. 938, 921.

s 4y g " "



Takle B.4, ccntinued.
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1. NEW YORK 500. 1322. 1091. 1396. 2u35. 0. 9. 649, 2849, 1222. 2556. 1509. 2118. 1193. 294. 531.
2. CAICAGO 211. 691. 1190. 823. 1751, 0. 701. 270. 1787. 594. 1845. 978. 1su3., B814. 697. 588,
3. 1L7S ANGELES 1949, 1179. 2334. 1209. 825. 0. 2435. 1825. 20. 1267. 343. 1224. 440. 1595. 2349. 2114,
4. PHILADELFHIR 453. 1255. 1021. 1323. 2401, 0. 75. 580. 2391. 1155. 2507. 1434, 2053. 1114. 223. 451,
5. HODSTON 1053. 415. 966. 236. 1831. 0. 1409. B802. 1365. u443. 1634. 187, 938. 254. 1202. 924.
6. DETROLT 54. 907. 1155. 1020. 1960. 0. 472. 316. 1984. 808. 2077. 1163. 1675. 936. 522. 505.
7. BALTINORE 398. 1173. 956. 1236. 2351. 0. 163. 497. 2317. 1073. 2u41. 1345. 1973. 1024. 170. 365.
R. DALLAS 951. 192. 1110. 28. 1627. 0. 1363. 726. 123s. 239. 1471. 181. B825. 368. 1194. 928.
9. SAN DIEGO 1935. 1138. 2266. 1152. 932. 0. 2417. 1797. 94, 1230. 455. 1153. 362. 1532. 2318. 2075.
10. SAN ANTONIO 1187. 423. 1147. 240. 1716. 0. 1573. 949. 1194, 489. 1479. 74, 7648. 443. 1378. 1103.
11. INDIANAPOLIS 188. 687. 1026. 786. 1877. 0. 634. 107. 1809. 586. 1935. 925. 1475. 703. 571. 428.
12. WASHINGTON 392. 1188. 924. 1208, 2343. 0. 198. 473. 2296. 1049. 2425. 1314. 1949. 991. 1u7. 329,
13, WMILWAUKEE 243. 730. 1269. 874. 1711, 0. 723. 349. 1747. 637. 1828. 1034. 1458. 888. 7T4B. 659.
14. PHOENIX 1652. 8u40. 1977. B855. 1004. 0. 2130. 1504. 352. 934. 686. B868. 107. 1239. 2022. 1777.
15. SAN FRANCISCO  2064. 1385. 2589. 1u453. 536. 0. 2555. 1981. 364. 1462, 8. 1898. 752. 1846. 2508. 2295.
16. MEMPHIS 572. 420. 872. 446. 1843. 0. 946. 321. 1599. 336. 1789. 558. 1216. 329. 778. 520.
17. CLEVELANT 96. 947. 1089. 1047. 2045, 0. 395. 311. 2048. 847. 2152. 1182. 1729. 927. 432. 436.
18. BOSTON 642, 1490. 1257. 1574. 2528. 0. 196. 823. 2595. 1390. 2683. 1692. 2278. 1382. 471. 721.

19. JACKSORVILLE 788. 984. 327. 934. 2432. 0. BR32. S94. 2140. 915. 2360. 958. 1729. 567. 545. 341. &
20. NEW ORLEANS 885. 576. 668. U468. 2056. 0. 1160. 622. 1665. 545. 1913. u459. 12u4. 75. 924. 647. &

21. SAN JOSE 2008. 1357. 2557. 1421. 567. 0. 2538. 1959. 322. 1435. 39, 1463. 712. 1814. 2u87. 2271.
22. COLUMBUS 120. B849. 993. 936. 2024. 0. u468. 189. 1976. 7T48. 2099. 1065. 1641. B802. 422. 3u8.
23. ST. LOUIS 409. 457. 1060. 568. 1716. 0. B863. 241. 1589. 356. 1732. 718. 1246. S67. 7T6B. 566.
24. SEATTLE 1929. 1521. 2729. 1659. 143, 0. 2392. 1937. 978. 1560. 676. 1767. 1218. 2026. 2429. 2279.
25. DENVER 1128. 503. 1724. 645. 978. 0. 1617. 1035. 8317. 552. 938. 770. 617. 1008. 1561. 1355.
26. KANSAS CITY 606. 296. 1242. G464. 1490. 0. 1084. 479. 1357. 216. 1494. 635. 1033, 627. 1006. 801.
27. PITTSBURGH 202. 1010. 1012. 1093. 2155. 0. 307. 3482. 2135. 909. 2249, 1216. 1803. 932. 319. 3613.
2%, NASHVILLE 417. 602. 816. 643 1962, 0. 750. 154. 1777. 509. 1949. 752. 140u4. 4p9. 584. 339.
29, ATLANTA: 547. 754. 605. 7Tu48. 2165. 0. T739. 320. 1931. 672. 2126. 817. 1539, u458. 504. 226.
30. CINCINNATI 183. 755. 954. 837. 1976. 0. 559. 89. 1895. 655. 2029. 965. 1552, 707. 474. 335.
311. BUFFALO 253. 1117. 1184, 1220. 2146. 0. 284. 483, 2198. 1017. 2285. 1355. 1890. 1094. 439. 540.
32. EL PASO 1435. 577. 1639. 541, 1285. 0. 1890. 1251. 693. 677. 986. 527. 265. 908. 1750. 1491.
33. MINNEAPOLIS 540. 692. 1512. 872. 1419, 0. 1007. 605. 1530. 625. 1572. 1044. 1295. 1010. 1046. 938.
34. OMAHA 645, 408. 1401. 593. 1360. 0. 1135. 582. 1316. 354. 1413. 766. 1035. 795. 1098. 921.
15, TOLEDO 0. B864. 1112. 972. 1953. 0. 491. 263. 1954. 764. 2056. 1113. 1639. 882. 510. 467.
36. OKLAHOMA CITY 864. 0. 1225. 190. 1481, 0. 1314. 675. 1179. 100. 1377. 360. 804. 505. 1184. 937.
37. MIANI 1112, 1225. 0. 1135. 2701. 0. 1089. 920. 2329. 1172. 2581. 1113. 1904. 743. 798. 653,
38. FORT WORTH 972. 190. 1135. 0. 1607. 0. 1388. 750. 1206. 248. 1446. 172, 797. 393. 1222. 956.
39. PORTLAND 1953. 1u81. 2701. 1607. 0. 0. 2826. 1942. 845. 1528. 534. 1704. 1110. 1984, 2445. 2281.
40. HONOLULU 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
41. NFWARK 491. 1314. 1089. 138B. 2426. 0. 0. 641. 2440. 1214, 2547. 1502. 2109. 1187. 292. 526.
42. LOUTSVILLE 263. 675. 920. 750. 1942. 0. 6u41. 0. 1827. 576. 1973. 876. 1476. 620. 527. 3u3.
413, LONG BEACH 1954, 1179. 2329. 1206. BU5. 0. 2u840. 1827. 0. 1268. 360. 1219. 831, 1591. 2351. 2115.
4. TULSA 764. 100. 1172. 248. 1528, 0. 1214. 576. 1268. 0. 1454. 419, 901. u79. 1088. B8u6.
4%5. OAKLAND 2056. 1377. 2581. 1446. 53u. 0. 2547. 1973. 360. 1454, 0. 1491. 746. 1838. 2500. 2287.
46. AUSTIN 1113. 360. 1113. 172. 1704, 0. 1502. 876. 1219. 419. 1491, 0. 792. 391. 1311. 1037.
47. TNCSON 1639. 804. 1904. 797. 1110. 0. 2109. 1476. 431. 901. 7T46. 7T92. 0. 1171. 1987. 1736.
48, BATON ROUGE 882. 505. 743. 393. 19a4. 0. 1187. 620. 1591. 479, 1838. 391. 1171. 0. 962. 684.
49, NORFOLK 510. 1184. 798. 1222. 2645, 0. 292. 527. 2351. 1088. 2500. 1311. 1987. 962. 0. 278.
50. CHARLOTTE 467. 937. 653. 956. 2281, 0. S26. 383. 2115. 8u6. 2287. 1037. 1736. 684, 278. 0.




12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
21.
24,
25.
26.
27.
28.
29,
30.
1.
32,
33.
34,
35.
6
17,
is.
39,
40.
1.
42,
43,
44.
45,
46.
47.
48,
49
50,

NEW YORK
CHICAGO

LOS ANGELES
PHILADELEHIA
HOUSTON
DETROIT
BALTIMORE
DALLAS

SAN DIEGO
SAN ANTONIO
INDIANAPOLIS
WA SHINGTON
MILWAUKEE
PHOENIX

SAN FRANCISCO
MFMPHIS
CLEVELANT

BO STON
JACKSONYILLE
NEW ORLEANS
SAN JOSE
COLUMBUS

ST. LOUIS
SEATTLE
DENVER
KANSAS CITY
PI TTSBURGH
NASHVILLE
ATLANTA
CINCINNATI
BUFFALO

FL PASO
MINNEAPOLIS
OMAHA
TOLEDO
OKLAHOMA CITY
MIAMI

FORT WORTH
PORTLAND
HONOLULU
NEWARK
LOUISVILLE
LONG BEACH
TULSA
OAKLAND
AUSTIN
TUCSON
BATON ROUGE
NORFPOLX
CHARLOTTE

0.000
1.169
1.163
1. 254
1. 201
1.360
1.173
1. 150
1.170
1. 170
1. 141
1.098
1. 259
1. 161
1.221
1.177
1. 178
1.152
1.170
1. 156
1.252
1.201
1.122
1. 227
1.120
1. 1213
1.229
1.207
1. 155
1.193
1.385
1.130
1.241
1.132
1.194
1.114
1.234
1.151
1. 242
0. 000
1.301
1. 200
1.173
1.132
1.229
1. 172
1.166
1. 196
1.u67
1.152

1. 197
1. 169

1. 161
1. 254
1.198
1. 139
1. 229
1.121
1.132
1. 215
1.213
1.164
1. 201
1.812
1. 140
1.252
1. 165
1.269
1. 128
1. 233
1.149
1. 250
0.000
1.182
1. 215
1. 177
1.147
1.230
1. 173
1.174
1.203
1. 544
1.164

T able

1.2013
1.178

B.5.

City-Pair Circuities,

1.173
1.287
1.194
1.091
1.214
1.536
0.000
1. 149
1.204
1.175
1.283
1.103
1. 354
1.202
1. 2u6
1. 184
1.401
1.163
1.163
1.167
1.279
1. 383
1.229
1.2u3
1.157
1. 195
1.476
1.227
1. 174
1.330
2.198
1. 155
1.289
1.216
1.386
1.187
1.215
1. 150
1.267
0.000
1. 144
1.335
1.205
1.213
1. 254
1.178
1.188
1.213
1.450
1.171

1.150
1. 159
1. 153
1.148
1.054
1. 155
1. 149
0.000
1.176
1.083
1.148
1. 144
1. 194
1.169
1.203
1.080
1.170
1.159
1. 151
1.170
1.234
1. 149
1. 156
1.270
1.218
1.112
1.153
1.072
1.132
1.159
1.162
1. 104
1.119
1.110
1. 240
1.043
1.239
1. 102
1.272
0.000
1. 158
1. 158
1.180
1.066
1. 216
1.068
1. 154
1. 167
1.189
1. 146

1.170
1.2u48
1.050
1.175
1.158
1.21
1. 204
1.176
0.000
1.172
1.180
1. 198
1. 244
1.190
1.167
1.182
1.196
1.186
1. 161
1.164
1.148
1.170
1. 192
1.276
1.423
1.208
1.169
1.178
1.168
1.185
1.200
1.211
1.355
1.311
1.243
1.205
1.215
1.177
1.267
0.000
1. 169
1.179
1.011
1.197
1. 155
1.213
1.290
1. 162
1.211
1.181

1.170
1.146
1.130
1. 171
1.002
1.153
1.175
1.083
1.172
0.000
1.151
1.174
1.171
1.139
1.19u
1.152
1.172
1.172
1.097
1.091
1.188
1.160
1. 144
1.281
1.199
1.105
1.167
1.135
1.169
1.17
1.165
1.118
1.116
1.100
1.223
1.087
1.254
1.111
1.297
0.000
1.177
1.173
1.161
1.080
1.193
1.074
1.157
1.047
1.186
1.160

1.156
1.283
1.1u48
1.180
1.151
0.000
1.251
1.101
1.170
1.234
1.300
1.225
1. 184
1.285
1. 178
1.276
1.068
1.060
1.228
1.090
1.094
1.107
1. 166
1.276
1.091
1. 186
1.118
1.189
1.293
1.720
1.076
1.202
1.155
1.267
0.000
1.138
1.053
1.182
1. 107
1.244
1.157
1.176
1.253
1.296
1.458

Automobile

1. 259
1. 122
1.208
1.287
1. 255
1.503
1.354
1. 194
1.244
1.171
1. 101
1.306
0.000
1. 235
1. 335
1.207
1. 332
1. 293
1.238
1. 180
1. 352
1.190
1.193
1. 206
1.136
1.244
1. 299
1.172
1.215
1. 159
1.402
1.220
1.173
1. 145
1.388
1. 214
1. 183
1.207
1.258
0.000
1.258
1.090
1.221
1.250
1. 347
1. 177
1.291
1.187
1.311
1. 336

1.161
1. 244
1.101
1.168
1. 134
1.202
1.202
1. 169
1.190
1.139
1. 170
1. 196
1.235
0.000
1,242
1.180
1. 187
1. 178
1.155
1.153
1. 228
1.160
1.186
1. 300
1.554
1.199
1. 159
1. 174
1.163
1. 178
1. 191
1.168
1. 344
1. 312
1.242
1.209
1. 213
1.170
1.266
0.000
1.160
1.173
1. 201
1.197
1.239
1.203
1.048
1. 149
1. 212
1. 179

0.000
1.190
1.259
1.245
1.192
1.196
1. 353
1.223
1.238
1. 256
1.567
1.267
1.223
1. 199
1.187
1. 230
1.270
1.222
1.497
1.408
1.308
1.202
1.218
1.205
1.263
0.000
1.221
1.218
1.228
1.209
1.190
1.237
1.226
1.196
1.236
1. 203

1.177
1.203
1.157
1.178
1.357
1.210
1.184
1.080
1. 182
1.152
1.300
1.178
1.207
1.180
1.190
0.000
1.181
1.182
1.213
1.122
1.240
1.166
1.173
1.279
1. 194
1.223
1.182
1. 054
1.1
1. 194
1. 169
1.1
1.174
1.212
1.298
1.128
1.200
1.086
1.268
0.000
1. 189
1.209
1.176
1.714
1.201
1.159
1. 155
1.154
1.256
1. 195
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10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28,
29.
30.
31,
32.
313,
34,
35.
36.
37.
18,
39.
uo.
u1.
u2.
43,
4.
us.
46.
u7.
us.
a9,
50.

NEW YORK
CHICAGO

LOS ANGELES
PHILADELPHIA
HOUSTON
DETROIT
BALTINORE
DALLAS

SAN DIEGO
SAN ANTONIO
INDIANAPOLIS
WA SHINGTON
MILWAUKEE
PHOENTX

SAN FRANCISCO
MEMPHIS
CLEVELAND

BN STON
JACKSCNVILLE
NEW ORLEANS
SAN JOSE
COLUMBUS

ST. LOUOIS
SEATTLE
DENVER
KANSAS CITY
PITTSBURGH
NASHVILLE
ATLANTA
CINCINNATT
BOFFALO

EL PASO
MINNEAPOLIS
OMAHA

TOLEDO
OKLAHOMA CITY
MIAMI

FORT WORTH
PORTLAND
HONOLU LU
NEWARK
LOUISVILLE
LONG BEACH
TULSA
OAKLAND
ATNSTIN
TUCSON

BATON ROOGE
NORFOLK
CHARLOTTE

1.156
1. 178
1.142
1.161
1. 143
1.165
1. 167
1. 170
1. 164
1.091
1. 178
1. 168
1.180
1. 153
1. 196
1.122
1.173
1. 156
1.132
0.000
1. 200
1.171
1.143
1. 263
1. 227
1.243
1.217
1. 166
1.153
1.174
1. 177
1. 132
1.163
1. 225
1.221
1.246
1. 347
1. 174
1.259
0. 000
1. 164
1. 167
1.163
1. 418
1.206
1. 146
1. 152
1. 188
1.183
1. 139

1.201
1.101
1.160
1.198
1.260
1.258
1.383
1. 149
1.170
1.160
1.068
1.3
1.190
1.160
1.223
1.166
1.191
1.232
1.322
1.171
1.262
0.000
1.070
1.204
1.090
1.087
1.141
1.162
1.320
1.049
1.170
1.116
1.170
1.176
1.228
1.082
1.263
1.153
1.253
0.000
1.198
1.093
1.173
1.107
1.233
1.165
1.166
1.216
1.426
1.396

Table B.5,

1.122
1. 141
1. 176
1.139
1.282
1. 147
1.229
1.156
1.192
1. 144
1.060
1.211
1.193
1.186
1.238
1.173
1.152
1. 156
1.269
1.143
1.287
1.070
0.000
1.268
1.062
1.050
1.091
1.370
1.282
1. 146
1.149
1. 131
1.156
1.238
1.336
1.084
1.213
1.170
1.244
0.000
1.120
1.075
1.193
1.136
1. 249
1.151
1. 196
1.170
1.231
1.340

1.280
1.263
1.243
1.274

1.120
1.141
1.285
1. 121
1.188
1.157
1. 157
1.218
1.423
1. 199
1.090
1.143
1. 136
1.554
1.567
1. 194
1. 114
1.146
1.203
1.227
1.540
1.090
1.062
1.325
0.000
1.067
1.103
1.167
1.192
1.097
1.139
1.289
1. 348
1.122
1.147
1.313
1.214
1.207
1.319
0.000
1.119
1.066
1.310
1.381
1.570
1.253
1.654
1.226
1. 146
1.183

1.123
1.334
1.193
1.132
1.148
1.200
1.195
1.112
1.208
1. 105
1.094
1.179
1. 244
1.199
1.267
1.223
1. 169
1.160
1.230
1. 243
1.324
1.087
1.050
1. 285
1.067
0.000
1.102
1.263
1.254
1.117
1.177
1.220
1.122
1.151
1.313
1. 185
1.207
1.155
1. 264
0.000
1.122
1.063
1. 212
1.159
1.281
1.100
1.308
1.317
1. 189
1.260

continued.

1.215
1.262
1.557
1.476
1.153
1.169
1.167
1.107
1.316
1.299
1. 159
1.223
1.182
1.230
1.259
1.327
1.217
1.258
1.141
1.091
1.221
1.103
1.102
0.000
1.214
1.458
1.128
1.872
1.118
1.238
1.149
1.297
1.092
1.287
1.156
1.248
0.000
1.226
1.142
1.172
1.113
1.232
1.172
1.164
1.244
1.u36
1.473

1. 160
1. 164
1.200
1.231
1.174
1.132
1.168
1.169
1. 276
1.177
1.215
1.163
1.187
1.171
1.307
1. 155
1.242
1.153
1.229
1.320
1.282
1.276
1.192
1.254
1.458
1.174
0.000
1.272
1.317
1.120
1.254
1.268
1.319
1. 151
1.137
1.131
1.262
0.000
1.167
1.351
1.175
1.4482
1.196
1.228
1.148
1.235
1.201
1. 104

1. 279
1.170
1. 190
1. 206
1.806
1.423

1.130
1. 173
1. 138
1.140
1. 108
1. 143
1.155
1.104
.21
1.118
1.118
1. 150
1.220
1.168
1. 222
1.1
1.138
1. 144
1.132
1.132
1.211
1.116
1.131
1.258
1.289
1.220
1.118
1.105
1. 120
1.141
1. 140
0.000
1.280
1. 224
1. 193
1.165
1.216
1. 104
1.300
0.000
1. 128
1. 140
1.193
1. 143
1.221
1.215
1.224
1.123
1.170
1.135

1.132
1.162
1. 228
1. 165
1.119
1. 182
1.216
1.110
1.311
1. 100
1.293
1. 196
1. 145
1.312
1.408
1. 212
1.107
1. 155
1.237
1.225
1. 402
1.176
1. 238
1.275
1. 122
1. 151
1. 149
1.296
1. 268
1.266
1. 148
1. 224
1.405
0. 000
1. 164
1.113
1.209
1. 090
1. 271
0.000
1. 131
1. 207
1.245
1.255
1. 424
1.089
1.349
1.283
1.266
1.306

69




Table B.S5, continued.

A
& 5 PR &
x ;’ < S < é’ é, &
o & &£ > & & & & &L & S b & &
< 2 &y ay ~ & Z x -~ ol o 3 © a
F 5 < & & £ N & £ i < & & £ & ~
& & & £ ) £ & & S & & - & & £ e
1. NEW YORK 1.194 1,118 1,234 1,151 1,262 0.000 1.301 1.200 1.173 1.132 1.229 1.172 1. 166 1.196 1.867 1.152
2. CHICAGO 1.166 1.151 1.185 1.171 1.276 0.000 1.168 1.075 1.226 1.187 1.335 1.151 1,241 1.183 1.298 1.343

3. LOS ANGELES 1.210 1.167 1. 196 1.153 1.288 0.000 1.162 1.164 1.506 1.166 1.188 1.174 1.149 1.139 1.197 1.169
4. PHILADELFHIA 1,269 1.128 1,233 1.149 1.250 0.000 1.182 1.215 1.177 1.147 1.230 1.173 1,174 1.203 1.544 1.164

5. HOUSTON 1.326 1.054 1.292 1,137 1.260 0.000 1.209 1.299 1.152 1.111 1.193 1.111 1,140 1.079 1.203 1.178
6. DETROIT 1.098 1.120 1.232 1.161 1.286 0.000 1.361 1.161 1.218 1.147 1.293 1.158 1.201 1.213 1.488 1.369
7. BALTIMORE 1.386 1.187 1,215 1.150 1.267 0.000 1.18%4 1.335 1.205 1.213 1.254 1.178 1.188 1.213 1.450 1.171
8. DALLAS 1.2480 1.043 1.239 1.102 1.272 0.000 1.158 1.158 1.180 1.066 1.216 1.068 1,154 1.167 1.189 1. 146
9. SAN DIEGO 1.243 1.205 1.215 1.177 1.267 0.000 1.169 1.179 1.011 1.197 1.155 1.213 1.290 1.162 1.211 1.181

10. SAN ANTONIO 1.223 1.087 1.254 1.111 1.297 0.000 1.177 1.173 1.161 1.080 1.193 1.074 1.157 1.047 1.186 1.160
11. INDIANAPOLIS 1.720 1.076 1.202 1,155 1.267 0.000 1.138 1.053 1.182 1.107 1.2u44 1.157 1.176 1.253 1.296 1.u458

12, WASHINGTON 1.309 1.179 1.214 1.145 1.255 0.000 1.141 1.321 1.199 1.204 1.246 1.175 1.182 1.214 1.408 1.178
13. MILWAUKEE 1.388 1.214 1.183 1.207 1.258 0.000 1.258 1.090 1.221 1.250 1.347 1.177 1.291 1.187 1. 331 1.336
14. PHOENIX 1.282 1.209 1.213 1,170 1.266 0.000 1.160 1.173 1.201 1.197 1.239 1.203 1.048 1. 149 1.212 1.179
15. SAN FRANCISCO 1.308 1.202 1.218 1.205 1.263 0.000 1.221 1.218 1.228 1.209 1.188 1.237 1.226 1.196 1.236 1.203
16. MEMPHIS 1.298 1.128 1.200 1.086 1.268 0.000 1.189 1.209 1.176 1.714 1.207 1.159 1. 155 1. 154 1.256 1.195
17. CLEVELAND 1.264 1.119 1,232 1. 174 1.246 0.000 1.175 1.148 1.200 1.145 1.268 1.177 1.189 1.213 1.385 1.317
18. BOSTON 1.217 1.135 1.245 1.160 1.269 0.000 1.178 1.212 1.192 1.153 1.253 1.175 1.180 1.191 1.379 1.153

19. JACKSONVILLE 1,309 1.209 1.129 1.150 1.255 0.000 1.177 1.322 1.164 1.611 1.200 1.127 1.149 1.133 1.252 1.171

20. NEW ORLEANS 1.221 1.246 1.387 1,174 1.259 0.000 1.164 1.167 1.163 1.418 1.206 1.146 1.152 1.188 1.183 1.139 2
21. SAN JOSE 1.328 1.269 1.233 1.234 1.293 0.000 1.252 1.261 1.212 1.271 1.209 1.228 1.215 1.200 1.270 1.240 ©
22. COLUMBTS 1.228 1.082 1.263 1.153 1.253 0.000 1.198 1.093 1.173 1.107 1.233 1.165 1.166 1.216 1.426 1.396
23. ST. LONIS 1.336 1.084 1.213 1.170 1.284 0.000 1.120 1.075 1.193 1.136 1.249 1.151 1.196 1. 170 1.231 1.340
24. SEATTLE 1.224 1.322 1.257 1.267 1.224 0.000 1.226 1.281 1.296 1.355 1.275 1.295 1.280 1.263 1.263 1.274
25. DENVER 1.1647 1.313 1.218 1.207 1.319 0.000 1.119 1.066 1.310 1.381 1.570 1.253 1.654 1.226 1.146 1.183
26. KANSAS CITY 1.313 1.185 1207 1.155 1.264 0.000 1.122 1.063 1.212 1.159 1.281 1.100 1.304 1.317 1.189 1.260
27. PITTSBURGH 1.297 1.092 1.287 1.156 1.248 0.000 1.226 1.142 1.172 1.113 1.232 1.172 1.164 1.244 1.436 1.473
28. NASHVILLE 1.282 1.133 1.152 1.076 1.264 0.000 1.222 1.166 1.175 1.476 1.209 1.136 1.149 1.253 1.317 1.219
29. ATLANTA 1.319 1.151 1,137 1.131 1.262 0.000 1.167 1.351 1.175 1.442 1.196 1.228 1.148 1.235 1.201 1.108
30. CIRCINRATI 1.376 1.122 1.214 1.163 1.258 0.000 1.190 1.140 1.186 1.156 1.240 1.177 1.188 1. 231 1.334 1.538
31. BUFFALO 1. 244 1.123 1.297 1.166 1.278 0.000 1.469 1.1742 1.207 1.145 1.279 1.170 1.190 1.206 1.806 1.423
32. EL PASO 1.193 1.165 1.216 1. 104 1.300 0.000 1.128 1.140 1.193 1.143 1.221 1.215 1.224 1.123 1.170 1.135
33. MINNEAPOLIS 1.253 1.175 1.207 1.145 1.270 0.000 1.240 1.191 1.319 1.140 1.511 1.111 1.394 1.191 1.277 1.299
34, OMAHA 1.164 1.113 1.209 1.090 1.271 0.000 1.131 1.207 1.245 1.255 1.424 1.089 1.349 1.283 1.266 1.306
35. TOLEDO 0.000 1.205 1.259 1.2484 1.269 0.000 1.192 1.349 1.222 1.245 1.318 1.233 1.243 1.272 1.412 1.355
36. OKLAHOMA CITY 1.205 0.000 1.241 1.017 1.317 0.000 1.112 1.117 1.193 1.015 1.216 1.055 1.239 1.286 1.217 1.169
37. AMIANMI 1.259 1.241 0.000 1.238 1.253 0.000 1.238 1.217 1.211 1.384 1.226 1.268 1.217 1.311 1.318 1.176
38. FORT WORTH 1.2848 1.017 1,238 0.000 1.270 0.000 1.159 1.162 1.3781 1.152 1.218 1.084 1.156 1.171 1.188 1. 146
39. PORTLAND 1.269 1.317 1.253 1.270 0.000 0.000 1.242 1.232 1.293 1.343 1.287 1.308 1.246 1.260 1.260 1.268
40. HONOLOLU 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1. NEWARK 1192 1.112 1.238 1. 159 1.242 0.000 0.000 1.198 1.173 1.130 1.229 1.179 1. 165 1. 204 1.484 1.167

42. LOUISVILLE 1.389 1.117 1.217 1.162 1.232 0.000 1.198 0.000 1.179 1.153 1.228 1.180 1. 186 1. 238 1.303 1.665
43. LONG BEACH 1.222 1,193 1.211 1.181 1.293 0.000 1.173 1.179 0.000 1.189 1.213 1.204 1.240 1.161 1.208 1.183

44, TUOLSA 1.245 1.015 1.384 1,152 1.343 (0.000 1.130 1.153 1.189 0.000 1.223 1.068 1.219 1.428 1.242 1.375
45. ORKLARD 1.318 1.216 1.226 1.218 1.287 0.000 1.229 1.228 1.213 1.223 0.000 1.237 1.223 1.207 1.244 1.211
k6. AOSTIN 1.233 1.055 1.268 1.084 1.308 0.000 1.179 1.180 1.204 1.068 1.237 0.000 1.218 1.118 1,226 1.207
47. TUCSON 1.263 1.239 1217 1.156 1.206 0.000 1.165 1.186 1.240 1.219 1.223 1.218 0.000 1.147 1.194 1.162
48. BATON ROUGE 1.272 1.246 1.311 1.171 1.260 0.000 1.204 1.238 1.161 1.028 1.207 1.118 1.147 0.000 1.217 1.192
39. NORFOLK 1.512 1.217 1.318 1.188 1.260 0.000 1.484 1.303 1.208 1.242 1.244 1.226 1.194 1.217 0.000 1.279
50. CHARLOTTE 1.355 1.169 1.176 1.146 1.268 0.000 1.167 1.665 1.183 1.375 1.211 1.207 1.162 1.192 1.279 0.000
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NEW YORK
CHICAGO

LOS ANGELES
PHILADELFHIA
HOUSTON
DETROIT
BALTIMORE
DALLAS

SAN DIEGO
SAN ANTONIO
INDIANAPOLIS
WASHINGTON
MILWAUKEE
PHOENIX

SAN FRANCISCO
MENPHIS
CLEVELAND
BOSTON
JACKSONVILLE
NEW ORLEANS
SAN JOSE
COLUMBUS

ST. LOUIS
SEATTLE
DENVER
KANSAS CITY
PI TTSBURGH
NASHVILLE
ATLANTA
CINCINNATI
BUFFALO

EL PASO

MI NNEAPOLIS
OMAHA
TOLEDO
OKLAHOMA CITY
MIANMI

FORT WORTH
PORTLAND
HONOLULU

NE WARK
LOUISVILLE
LONG BEACH
TULSA
OAKLAND
AUSTIN
TUCSON
BATON ROUGE
NORFOLK
CHARLOTTE

Table B.6. City-Pair Circuities, Bus
~
& o & & > & & & &
S g & & & & £ =& A
i a oy & 3 & 5 2 X

i? 5 & A, é? é- Ay s & &

% & $ &£ £ 9 & ol & &

1 2 3 4 5 6 7 8 9 10
2.0 1.137  1.148  1.261 1.173  1.337 1.156 1.148 1,160 1.167
1.137 0.0 1.209 1.139 1,259 1,125 1.143 1.170 1.245 1,151
1.148 1.209 0.0 1.143 1.164 1.199 1,166 1.142 1.112 1.165
1.281 1.139 1.143 0.0 1.166 1.327 1.069 1.136 1.157 1.159
1.173  1.259 1.164 1.166 0.0 1.314 1,173 1.080 1.157 1.039
1.337 1,125 1.199 1.327 1.314 2.0 1.405 1.209 1.231 1.194
1.156 1,143 1.166 1.069 1.173 1.405 0.0 1.138 1.181 1.164
1.148 1.170 1.142 1.136 1.080 1.209 1,138 0.0 1.148 1.071
1.160 1.245 1.112 1.157 1,157 1.231 1.181 1.148 0.0 1.162
1.167 1.151 1.165 1.159 1.039 1.194 1.164 1.071 1.162 0.0
1.122 1.098 1.155 1.106 1.398 1.160 1.201 1.162 1.173 1.159
1.182 1,154 1.197 1.076 1.173 1,317 1,047 1.135 1.176 1.163
1.222 1.073 1.260 1.216 1.266 1.403 1.212 1,200 1.292 1.226
1.150 1.235 1.090 1.147 1.190 1221 1.175 1.173 1.190 1.194
1.150 1.156 1,094 1.152 1.233 1.155 1.156 1.204 1.100 1.229
1.159  1.106 1.171 11448  1.475 1.147 1.149 1.116 1.170 1.171
1.170 1.093 1.172 1.161 1,295 1.884 1.258 1.170 1.185 1.169
1.084  1.142 1.187 1.131 1.285 1,313 1.118 1.149 1172 1.162
1. 148 1.196 1.171 1.133 1,112 1.237 1.120 1.273 1.158 1.098 w
1.119  1.110 1.171 1.109 1,121 1,136 1.112 1.353 1.159 1.091 &
1.175 1.19¢ 1.101 1.178 1,204 1.185 1.183 1.261 1.189 1.254 =3
1157  1.163  1.744 1,141 1.308 1.172 1.284 1.161 1.160 1.162
1.098 1,099 1.167 1,088 1,321 1.222 1,159 1.192 1,191 1.165
1.198 1.194 1.180 1.190 1.324 1,208 1.185 1.350 1.182 1.305
1.120 1.08% 1.502 1.029 1.278 1,094 1.120 1.341 1.481 1.187
1,119 1.271 1.273 1.108 1.156 1.880 1.159 1.110 1.282 1.099
1.169 1.137 1.144 1.129 1.280 1,460 1.150 1.156 1.159 1.167
1.198 1.157 1.171 1.238 1.345 1.123 1.259 1.096 1.167 1.149
1.155 1.235 1.174 1.145 1,193 1171 1.155 1.200 1.176 1.263
1.161 1,138 1.158 1.159 1.332 1.097 1.226 1.162 1.178 1.170
1.525 1.156 1.198 1.439 1.267 1.656 1.365 1.157 1.187 1.158
1.132  1.185 1.180 1.132 1,143 1,184 1.143 1.090 1.171 1.1u44
1.198 1,143 1.317 1.181 1.131 1.239 1.169 1.103 1.342 1.100
1.107 1.056 1.257 1.110 1.194 1.082 1.117 1.202 1.302 1.177
1.168 1.100 1.182 1.163 1.283 1.099 1.157 1.164 1.195 1.160
1.103  1.144 1.145 1.100 1.083 1.164 1,149 1,075 1.193 1.125
1.199  1.161 1.210 1.183 1.270 1.176 1.164 1.324 1.205 1.2u42
1.150  1.194 1.170 1.138 1,112 1,214 1,140 1.097 1.149 1.106
1.220 1.235 1.162 1.215 1.327 1.239 1,213 1.287 1.297 1.329
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.091 1.166 1.157 1.195 1,172 1,384 1,138 1.148 1.169 1.166
1.256 1.083 1.158 1.177 1.324 1.138 1.245 1.162 1,180 1.173
1. 547 1.194  1.148 1,133 1.152 1.191 1.155 1.134 1.080 1.161
1.107 1.153 1.147 1.104 1.129 1.178 1.157 1.074 1.188 1.078
1.152 1.158 1.123 1.153 1.235 1.156 1.173 1.206 1.122 1.233
1. 171 1.160 1.205 1.163 1.118 1.204 1.168 1.068 1.200 1.033
1.137 1,324 1.153 1,130 1.161 1.209 1,174 1.113 1,147 1.168
1.161 1.236 1.175 1.154 1,095 1.225 1.161 1.417 1.163 1.2048
1. 413 1.304 1.182 1.6414 1,281 1.3717 1.291 1.302 1.176 1.191
1.225 1.367 1.137 1.167 1.158 1.280 1.179 1.184 1,134 1.149

ey



Table B.6, continued.

&) & 4
6:" ¥ o < 4}' s
q & & & * A &
s & £ & g & 3 s &
] S 5 & S & & & &
5 $ 3? é"k ~: & & & & a
S R A F &
1 12 13 14 15 16 17 18 19 20
1. NEW YORK 1,122 1.142 1.222 1.150 1.150 1.159 1.170 1.084 1.148 1.119
2. CHICAGO 1.098 1.154 1.073 1.235 1.156 1.106 1,093 1.142 1,196 1.110
3. LOS ANGELES 1.155 1.197 1.260 1.090 1.094 1.171 1.172 1.187 1.171 1.171
4. PHILADELPHIA 1.106 1.076 1.216 1.147 1.152 1.144 1,161 1.131 1.133 1.109
5. HOOUSTON 1,308 1.173 1.266 1,190 1.233 1.475 1.295 1.285 1.112 1.121
6. DETROIT 1.160  1.317 1.403 1.221 1.155 1.147 1.884 1.313 1.237 1.136
7. BALTIMORE 1.201 1,047 1.212 1.175 1.156 1.149 1.258 1.118 1.120 1.112
8. DALLAS 1.162 1.135 1.200 1.173 1.20% 1.116 1.170 1.149 1.273 1.353
9. SAN DIEGO 1.173 1.176 1.292 1.190 1.100 1.170 1.185 1.172 1.158 1.159
10. SAN ANTONIO 1.159  1.163 1.226 1.194 1.229 1.171 1.169 1.162 1.098 1.091
11. INDIANAPOLIS 0.0 1.196 1.101 1,162 1.195 1.136 1.183 1,153 1182 1.147
12. WASHINGTON 1.196 0.0 1.216 1.170 1.162 1.144 1.148 1.114 1,123 1.113
13. MILWAUKEE 1.101 1.216 0.0 1.287 1.127 1.564 1.261 1.234 1.188 1.113
14. PHOENIX 1.162 1,170 1.287 0.0 1.253 1,212 1.174 1.162 1.183 1.19N
15. SAN PRANCISCO 1.195 1.162 1.127 1.253 0.0 1.213 1.147 1.156 1.217 1.215
16. MEMPHIS 1.136  1.148  1.564 1.212 1.213 0.0 1.186 1.156 1.191 1.094
17. CLEVELAND 1.183 1.148 1.261 1.174 1.147 1.186 0.0 1.236 1.267 1.142
18. BOSTON 1.153  1.114  1.234 1.162 1.156 1.156 1.236 0.0 1.146 1.114
19. JACKSONVILLE 1.182  1.123 1.188 1.183 1.217 1.191 1.267 1.146 0.0 1.105
20. NEW ORLEANS 1.147 1.113 1.113 1.191 1,215 1.094 1.142 1.114 1,105 0.0 =
21. SAN JOSE 1.2217 1.189 1.223 1.319 1.044 1.206 1.176 1.178 1.217 1.213 »
22. COLUMBUS 1.020 1.2346 1.230 1.148 1.168 1.146 1.103 1.179 1.252 1.148
23. ST. LOUIS 1.020 1.142 1.147 1,184 1,240 1,182 1,111 1.124 1,155 1.130
24. SEATTLE 1.208  1.186 1.212 1.296 1.191 1.286 1.190 1.222 1.215 1.302
25. DENVER 1.101  1.124  1.158 1.499 1.361 1.310 1.088 1.113 1.181 1.374
26. KANSAS CITY 1.110 1.143 3.326 1.294 1,255 1.487 1,163 1.146 1.192 1.300
27. PITTSBURGH 1.077 1.159 1.234  1.147 1.154 1.164 1.126 1.193 1.257 1.195
28. NASHVILLE 1.110  1.259 1143 1.144 1.265 1.054 1.126 1.263 1.097 1.149
29. ATLARTA 1.220 1.160 1.217 1.210 1.207 1.177 1.367 1.14% 1.073 1.132
30. CINCINNATI 1.071  1.198 1.153 1.170 1.192 1,162 1.112 1.172 1.190 1.145
31. BUFFALO 1,166 1,410 1.338 1.175 1.162 1.164 1.078 1.119 1.322 1.143
32. EL PASO 1.131 1,139 1.275 1.264 1.263 1.118 1.142 1,140 1.145 1,149
33. MINNEAPOLIS 1148 1.170 1.116 1.386 1.291 1.396 1.177 1.226 1.207 1.266
34. OMAHA 1.2146  1.262 1.203 1.371 1.184  1.415 1.072 1.114 1.214 1.282
35. TOLEDO 1.162 1.176 1.313 1.156 1,150 1.150 1.160 1.159 1.232 1.138
36. OKLAHOMAR CITY 1.072 1,142 1,282 1.192 1.196 1.378 1.104 1.116 1.302 1.397
37. MIAMI 1.117 12163 12157 1231 1.238 1.210 1.218 1.205 1.067 1.304
38. FORT WORTH 1.169 1.136 1.280 1.199 1.262 1.119 1.174 1.151 1.255 1.321
39. PORTLAND 1.248 1.215 1.303 1.265 1.187 1.334 1.221 1.238 1.251 1,378
80. HONOLULUD 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 1. NEWARK 1.158 1,126 1.252 1.193 1.151 1.158 1.223 1101 1. 141 1.116
§2. LOUISVILLE 1.035 1.230 1.084¢ 1.174 1.222 1.172 1.119 1.173 1.204 1.134
483, LONG BEACH 1.142 1,187 1.244 1.068 1.105 1.159 1.160 1.177 1.166 1.156
48, TOLSA 1.077 1.149 1,305 1.185 1.205 1.411 1.111 1,122 1,285 1.412
85. OAKLAND 1.197 1,164 1.129 1.256 1.188 1.215 1.148 1.157 1.219 1.216
46. AUSTIN 1.169 1167 1.239 1.253 1.271 1.186 1.177 1.166 1.122 1.133
47. TUCSON 1.188  1.170 1.335 1.104 1.245 1.157 1.190 1.174 1.156 1.162
48. BATON ROUGE 1.276 1.163 1.219 1.199 1.267 1.381 1.197 1.151 1.119 1.068
89, NORPOLK 1.283 1.333 1.328 1.201 1.309 1.162 1.263 1.317 1.447 1.228

50. CHARLOTTE 1.470 1.193 1.348 1.157 1.181 1.218 1.363 1.189 1124 1.104
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39.
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NEW YORK
CHICAGO

LOS ANGELES
PHILADELFPHIA
HOUSTON
DETROIT
BALTIMORE
DALLAS

SAN DIEGO
SAN ANTONIO
INDIANAPOLIS
WA SHINGTON
MILWAUKEE
PHOENIX

SAN FRANCISCO
MEMPHIS
CLEVELANT
BOSTON
JACKSONVILLE
NEW ORLEANS
SAN JOSE
COLUMBUS

ST. LOUIS
SEATTLE
DENVER
KANSAS CITY
PI TTSBURGH
NASHVILLE
ATLANTA
CINCINNATI
BUFFALO

EL PASO
MINNEAPOLIS
OMAHA
TOLEDO
OKLAHOMA CITY
MIAMI

FORT WORTH
PORTLAND
HONOLULU
NEWARK
LOUISVILLE
LONG BEACH
TULSA
OAKLAND
AUSTIN
TUCSON
BATON ROUGE
NORFOLK
CHARLOTTE

Table B.6, continued.

& 8
& &

& Poid e
& S B
21 22 23
1.175 1,157 1.098
1.190 1.163 1.099
1.101 1. 144 1,167
1.178 1.141 1,088
1.204  1.308 1.321
1.185 1,172 1.222
1.183  1.284 1.159
1.261 1161 1.192
1.189  1.160 1.191
1.254 1.162 1.165
1.221 1,020 1.020
1.189  1.234  1.142
1.223  1.230 1.147
1.319 1.14R  1.184
1.0648  1.168 1.240
1.206 1.146 1.182
1.176 1,103 1.11
1178 1.179 1.124
1.217 1.252 1.155
1.213 1.148 1.130
0.0 1.199 1.230
1.199 0.0 1.027

1.230 1.027 0.0
1.202 1.189 1.233
1.418 1.092 1.087
1.291 1.086 1.117
1.163 1.129 1.057
1.213  1.132  1.259
1.202 1.258 1.201
1.217 1.079 1.110
1.189 1.109 1.108
1.304  1.122 1.156
1.316  1.157 1.486
1.217 1,138 1.31
1.181 L1171 1.1M
1.215 1.069 1.097
1.237 1.196 1.150
1.225 1.164 1.205
1.198 1.226 1.265

0.0 0.0 0.0
1.176  1.200 1.121
1.213 1.103 1.091
1.113  1.132 1.153
1.222 1072 11N
1131 1170 1.242
1.296 1.176 1.179
1.302 1.167 1.213
1.265 1.182 1.162
1,264  1.334  1.274
1.174 1,307 1.351

&
&
S 4
$ & o8
~
& &
24 25

1.198 1,120
1.194 1085
1.180 1.502
1.190 1.029
1.324  1.278
1.208  1.094
1.185 1,120
1.350 1.3u1
1.182  1.481
1.305 1.187
1.204 1,101
1.186 1.124
1.212  1.158
1.296 1.499
1.191 1.361
1.286 1,310
1.190 1.088
1.222 1.113
1.215 1.181
1.302 1.374
1.202 1.418
1.189  1.092
1.233  1.087
0.0 1.352
1.352 0.0
1.262 1.074
1.188 1.103
1.239 1.289
1.232 1.178
1.198 1.105
1.227 1.111
1.365 1.225
1.231 1.280
1.189 1.112
1.192  1.089
1.353 1.353
1.224 1.209
1.348  1.334
1.203  1.337
0.0 0.0
1.206 1.132
1.218  1.180
1.180 1.466
1.387 1.423
1.204 1.366
1.361 1.362
1.281 1.614
1.337 1.397
1.225 1.180
1.259 1.203

A
< & s &
< N “~ ~
o & > & &
X < & ~2 &
& & & e &
& S
& ] Ny ~ &
26 27 28 29 30
1.119 1.169 1.198 1.155 1.161
1.271 1.137 1.157 1.235 1.138
1.273 1.166 1171 1.174  1.158
1.108 1.129 1,238 1.145 1.159
1.156 1.280 1.345 1,193 1.332
1.880 1.460 1.123 1.171 1.097
1.159 1.150 1.259 1.155 1.226
1.110 1.156 1.096 1.200 1.162
1.282 1.159 1.167 1.176 1.178
1.099 1.167 1.149 1.263 1.170
1110 1.077 1.110 1.220 1.071
1,143 1.159 1.259 1.160 1.198
1.326 1.23% 1.143 1.217 1.153
1.294 1,147 1.164 1.210 1.170
1.255 1.154 1.265 1.207 1.192
1.487 1.164 1,058 1.177 1.162
1.163 1.126 1.126 1.367 1.112
12146 1193 1.263 1.181 1.172
1.192 1.257 1.097 1.073 1.190
1.300 1.195 1.149 1,132 1.145
1.291 1.163 1.213 1.202 1.217
1,086 1.129 1.132 1.258 1.079
1.117 1.057 1.259 1.201 1.110
1.262 1.188 1.239 1.232 1.198
1.074 1.103 1.289 1.178 1.105
0.0 1.008 1.237 1,223 1.126
1.098 0.0 1.188 1.415 1.132
1.237 1.188 0.0 1.127 1.019
1.223 1415 1.127 0.0 1.191
1.126 1.132 1.019 1.191 0.0
1.166 1.229 1.123 1.253 1.104
1.245 1.123 1.111 1.152 1.152
1,090 1.173 1.155 1.2647 1.145
1.21¢ 1.104 1.293 1.255 1.299
1,188 1.188 1.126 1.17C 1.092
1.188 1.079 1.308 1.292 1.115
1.196 1.219 1.104 1.089 1.152
1.153 1.159 1.100 1.198 1.166
1.279 1.219 1.269 1.264 1.239
0.0 0.0 0.2 0.0 0.0
1,137 1.236 1.223 1151 1.197
1,105 1.142 1.089 1.282 1.129
1.255 1.133 1.160 1. 167 1.146
1.145 1.082 1.340 1.294 1.126
1.258 1.156 1.267 1.209 1.194
1.098 1.174 1.156 1.223 1.179
1.320 1.165 1.150 1.172 1.194
1.283 1.212 1.215 1.220 1.255
1,238 1.307 1.192 1.372 1.323
1.288 1.382 1.319 1.042 1.851
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Table B.6, continued.

A,
&,

& & '

< &

o O Q.b '!? OQ'. § ‘?
ay &5 - (~] o & b &
~ x & ~ S & & < ~

§ & §F 5 & 5 F s F 4
S & & & & & § & & ¢
i 32 33 34 35 36 37 38 39 40
1. NEW YORK 1.525 1.132 1.194 1.107 1.168 1.103 1.199 1.150 1.220 0.0
2. CHICAGO 1. 156 1.185 1,143 1.056 1.100 1.144 1,161 1.194 1.235 0.0
3. LOS ANGELES 1.198 1.180 1.317 1.257 1.182 1.145 1,210 1.170 1.162 0.0
4, PHILADELPHIA 1.439 1.132 1,181 1.110 1.163 1.100 1.183 1.138 1215 0.0
5. HOUSTON 1.267 1143 1.131 1.194 1,283 1.083 1.270 1.112 1.327 0.0
6. DETROIT 1.656 1.184 1.239 1.082 1.099 1,164 1.176 1.214 1.239 0.0
7. BALTIMORE 1.365 1.143 1.169 1,117 1.157 1.149 1.164 1,140 1.213 0.0
8. DALLAS 1. 157 1.090 1.103 1.202 1.164 1.075 1.324 1.097 1.287 0.0
9. SAN DIEGO 1.187 1.171  1.342 1.302 1.195 1.193 1,205 1.149 1.297 0.0
10. SAN ANTONIO 1.158 1,144 1,100 1.177 1.160 1.125 1.242 1,106 1.329 0.0
11. INDIANAPOLIS 1. 146 12131 1.148 1.214 1,162 1.072 1.117 1.169 1.248 0.0
12. WA SHINGTON 1.410 1.139 1.170 1.262 1.176 1,142 1.163 1.136 1.215 0.0
13. MILWAUKEE 1.334 1,275 1.116 1.203 1.313 1.282 1.157 1.280 1.303 0.0
14. PHOENIX 1.175 1.264 1.386 1.371 1.156 1.192 1.231 1.199 1.265 0.0
15. SAN FRANCISCO 1.162 1.263 1.291 1.184 1,150 1.196 1,238 1.262 1.187 0.0
16. MENMPHIS 1.168 1,118 1.396 1.415 1.150 1.378 1.210 1.119 1.334 0.0
17. CLEVELAND 1.078 1.142 12177 1.072 12160 1.104 1.219 1174 1.221 0.0
18. BOSTON 1.119  1.140 1.226 1.114 1.159 1.116 1.205 1.151 1.238 0.0
19. JACKSONVILLE 1.322 1.145 1,207 1.214 1,232 1,302 1.067 1.255 1.251 0.0
20. NEW ORLEANS 1.143  1.149 1.266 1.282 1.138 1,397 1.304 1.321 1.378 0.0 E
21. SAN JOSE 1.189 1.304 1.316 1.217 1.181 1.215 1,237 1.225 1.198 0.0 »
22. COLUMBUS 1.109 1.122 1.157 1.134 1.111 1.069 1.196 1,164 1.226 0.0
23. ST. LOOIS 1. 128 1. 156 1.486 1.311 1.111 1.097 1.150 1.205 1.265 0.0
24, SEATTLE 1,227 1,365 1.231 1.189 1,192 1.353 1.224 1.348 1.203 0.0
25. DENVER 1.111  1.225 1.280 1.112 1.089 1.353 1.209 1.334 1.337 0.0
26. KANSAS CITY 1. 164  1.245 1.090 1.210 1.188 1.188 1.196 1.153 1.279 0.0
27. PITTSBURGH 1.229 1.123 1.173 1.104 1,188 1.079 1.219 1.159 1.219 0.0
28. NASHVILLE 1.123 1,111 1,155 1.293 1.126 1.308 1.104 1.100 1.269 0.0
29. ATLANTA 1.253 1.152 1.247 1.255 1.170 1.292 1.089 1.198 1.264 0.0
30. CINCINBATI 1.104 1.152 1.145 1.299 1.092 1.115 1.152 1.166 1.239 0.0
31. BUFFALC 0.0 1.140 1.272 1.111 1,176 1.104 1.225 1.161 1.251 0.0
32. EL PASO 1. 140 0.0 1.290 1.310 1.147 1.200 1.216 1.090 1.326 0.0
33. MINNEAPOLIS 1.272 1.290 0.0 1.229 1.181 1,157 1.182 1.129 1.337 0.0
36, OMAHA 1. 111 1.310 1.229 0.0 1.071 1.363 1.206 1.245 1.252 0.0
35. TOLEDO 1.176  1.147 1.181 1.071 0.0 1.106 1.168 1.170 1.226 0.0
36. OKLAHOMA CITY 1.104 1.200 1.157 1.363 1.106 0.0 1.334 1,249 1.343 0.0
37. AIAMI 1.225 1.216 1.182 1,206 1.168 1.334 0.0 1.311 1.255 0.0
38. FORT WORTH 1. 161 1.090 1.129 1.245 1.170 1.249 1.311 0.0 1.287 0.0
39. PORTLAND 1.251 1.326 1.337 1.252 1.226 1.343 1,255 1,287 0.0 0.0
40. HONOLULU 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
41. NEWARK 1.606 1,132 1.214 1,125 1.211 1117 1.192 1.164 1.228 0.0
42, LOUISVILLE 1.109 1.164 1.153 1.259 1,147 1,328 1.162 1.166 1.254 0.0
43, LONG BEACH 1.18 1.173  1.951 1.237 1.272 1.133 1.207 1.162 1.219 0.0
44, TULSA 1. 11 1.177 1.118 1.275 1.113 1.045 1.305 1.160 1.370 0.0
5. OAKLAND 1.163 1.569 1.294 1.187 1.152 1.199 1,240 1.271 1.203 0.0
86. AUSTIN 1.164  1.234 1.098 1.177 1.168 1.%08 1.250 1.096 1.325 0.0
87. TUCSON 1.131  1.205 1.400 1.487 1.200 1.258 1.216 1.140 1.250 0.0
48. BATON ROUGE 1.186 1.154 1.242 1.269 1.155 1.426 1.280 1.375 1.401 0.0
49, NORFOLK 1.353 1.138 1.256 1.320 1.365 1.250 1.426 1.149 1,256 0.0
50. CHARLOTTE 1.337 1.086 1.287 1.290 1.259 1.185 1.121 1.078 1.287 0.0




15.

19.
20.
21.
22.
23.
24,
25.
26.
27,
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
is8.
39.
40,
u1.
42.
43.
4y,
45.
46.
47.
48.
49,
50.

NEW YORK
CHICAGO

LOS ANGELES
PHILADELEHIA
HOUSTON
DETROIT
BALTIMORE
DALLAS

SAN DIEGO
SAN ANTONIO
INDIANAPOLIS
WA SHINGTON
MILWAUKEE
PHOENIX

SAN FRANCISCO
MEMPHIS
CLEVELAND

BO STON
JACKSONVILLE
NEW ORLEANS
SAN JOSE
COLUMBUS

ST. LOUIS
SEATTLE
DENVER
KANSAS CITY
PI TTSBURGH
NASHVILLE
ATLANTA
CINCINNATI
BUOFFALO

EL PASO
MINNEAPOLIS
OMAHA

TOLEDO
OKLAHOMA CITY
MIANI

FORT WORTH
PORTLAND
HONOLOLU
NEWARK
LOUISVILLE
LONG BEACH
TULSA
OAKLAND
AUSTIN
TUCSON

BATON ROUGE
NORFOLK
CHARLOTTE

Table B.f, continued.

&
A
ol
)
& £
§ N
42 43

1.256 1.547
1.083  1.194
1.158 1.148
1.177 1.133
1.324 1,152
1.138 1.191
1.245 1.155
1.162 1.134
1.180 1.(80
1.173 1161
1.035 1.142
1.230 1.187
1.084  1.244
1.174 1.068
1.222 1.105
1.172 1.159
1.119 1.160
1.173  1.177
1.204  1.166
1.134 1,166
1.213 1.113
1.103 1.132
1.091 1.153
1.218 1.180
1.180 1.466
1.105 1.255
1.142 1.133
1.089 1.160
1.282  1.167
1.129 1.146
1.109 1.186
1.164 1.173
1.153  1.951
1.259 1.237
1.147 1.272
1.328 1.133
1.162 1.207
1.166 1.162
1.254 1.219
0.0 0.0
1.288 1.557
0.0 1.196
1.196 0.0
1.144  1.136
1,224 1.132
1.184  1.201
1.203 1.145
1.189 1.170
1.358 1.172
1.490 1.127

45
1.152
1.158
1.123
1.153
1.235
1.156
1.173
1.206
1.122
1.233
1.197
1.164
1.129
1.256
1.188
1.215
1.1u48
1.157
1.219
1.216
1.131
1.170
1.242
1.200
1.366
1.258
1.156
1.267
1.209
1.194
1.163
1.569
1.294
1.187
1.152
1.199
1.240
1.271
1.203
0.0

1.152
1.224
1.132
1.208
0.0

1.273
1,247
1,249
1.311
1.183

47
1.187
1.324
1.153
1.130
1.161
1.209
1.174
1.113
1.147
1.168
1.184
1.170
1.335
1.104
1. 245
1.157
1.190
1.174
1.156
1.162
1.302
1.167
1.213
1.281
1.614
1.320
1.165
1.150
1.172
1. 194
1-.131
1.205
1.400
1.487
1.200
1.258
1.216
1.140
1.250
0.0
1.196
1.203
1145
1.239
1.247
1.224
0.0
1.167
1.163
1.117

4
& &
LS = &
a“ =]
& I I
s §F F
rN & 13
48 49 50
1.161 1.413 1.225
1.236 1.304 1.367
1.175 1.182 1.137
1.154  1.414 1.167
1.995 1.241 1.158
1.225 1.371 1.280
1.161 1.291 1.179
1.417 1.302 1.184
1.163 1.176 1.134
1.248 1.191 1.149
1.276 1.283 1.470
1.163 1.333 1.193
1.219 1.328 1.348
1.199  1.201 1.157
1.247 1.309 1.181
1.381 1.162 1.214
1.197 1.263 1.363
1.151 1.317 1.189
1.119 1647 1124
1.068 1.228 1.104
1.265 1.264 1.174
1.182 1.334¢ 1.307
1.142  1.274 1.351
1.337 1.225 1.259
1.397 1.180 1.203
1,283 1.238 1.288
1.212 1.307 1.382
1.215 1.192 1.319
1.220 1.372 1.042
1.255 1.323 1.851
1.186 1.353 1.337
1.154 1.138 1.086
1,242 1.256 1.287
1.269 1.320 1.290
1.155 1.365 1.259
1.426 1.250 1.185
1.280 1.426 1.121
1.375 1.149 1.078
1.401 1.256 1.287
0.0 0.0 0.0
1.580 1.388 1.218
1.189 1.358 1.490
1.170 1.172 1.127
1.440 1.264 1.188
1.249 1.311 1.183
1.331 1.193 1.149
1.167 1.163 1.117
0.0 1.263 1.161
1.263 0.0 1.096
1.161 1.096 0.0
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Table B.7. City=-Pair Circuities, Rail

& (_,0
& & o ¢’ &
& & & s & & & s & S
& o & & S & 3§ & & x ) £ A > 0 2
S & o~ &) ) A~ o & A 2 by Pod S A < & o
& & ~ o & & & 5 < * s £ a & A 3 &
> & ® & & & & & Y- S - - L IR S
& & ny Q] & ] I X & & o N Fs ] & S &
1. NEW YORK 0.000 1.276 1.267 1.117 1.229 1.406 1.085 1.276 1.329 1.235 1.257 1.098 1.355 1.392 1.295 1.338 1.532
2. CAICAGO 1.276 0.000 1.268 1.232 1.366 1.180 1.431 1.222 1.350 1.231 2.062 1.418 1.048 1.599 1.302 1.091 1.115
3. LNS ANGELES 1.267 1.268 0.000 1.260 1.210 1.257 1.320 1.423 1.139 1.206 1.268 1.330 1.318 1.188 1.376 1.511 1.248
8. PHILADELEAIA 1,117 1.232 1.260 0.000 1.234 1.734 1.047 1.279 1.325 1.238 1.235 1.084 1.303 1.390 1.285 1.349 1.979
5. HOUSTON 1.229 1.366 1.210 1.234 0.000 1.417 1.247 1.547 1.374 1.113 1.415 1.247 1.365 1.218 1.301 1.570 1.463
6. DETROIT 1.406 1.180 1.257 1.734 1.417 0.000 2.170 1.264 1.330 1.273 2.583 2.280 1.687 1.582 1.291 1.295 8.642
7. BALTINORE 1.085 1.431 1.320 1.047 1.247 2.170 0.000 1.409 1.390 1.249 1.505 1.132 1.480 1.397 1.338 1.557 2.610
8. DALLAS 1.276 1.222 1.423 1.279 1.547 1.264 1.409 0.000 1.601 1.238 1.231 1.477 1.267 1.513 1.513 2.635 1.294
9. SAN DIEGO 1.329 1.350 1.139 1.325 1.374 1.330 1.390 1.601 0.000 1.401 1.354 1.401 1.396 1.851 1.320 1.634 1.320
10. SAN ANTONIO 1.235 1.231 1.206 1.238 1.113 1.273 1.249 1.238 1.401 0.000 1.253 1.248 1.247 1.210 1.295 1.536 1.305
11. INDIANAPOLIS  1.257 2.062 1.268 1.235 1.415 2.583 1.505 1.231 1.354 1.253 0.000 1.643 1.747 1.522 1.417 1.212 2.602
12. WASHINGTON 1.098 1.418 1.330 1.0B4 1.247 2.280 1.132 1.477 1.801 1.248 1.643 0.000 1.460 1.393 1.338 1.669 2.766
13. MILWAUKEE 1.355 1.0648 1.318 1.303 1.365 1.447 1.480 1.287 1.396 1.287 1.747 1.460 0.000 1.647 1.361 1.100 1.276
14. PHOENIX 1.392 1.599 1.188 1.390 1.218 1.542 1.397 1.513 1.851 1.210 1.522 1.393 1.647 0.000 1.382 1.583 1.526
15. SAN FRANCISCO  1.295 1.302 1.376 1.285 1.301 1.291 1.338 1.513 1.320 1.295 1.417 1.338 1.361 1.382 0.000 1.609 1.276
16. WEMPHIS 1.338 1.091 1.511 1.349 1.570 1.295 1.557 2.635 1.634 1.536 1.212 1.669 1.100 1.583 1.609 0.000 1.381
17. CLEVELANE 1.532 1.115 1.288 1.979 1.463 4.642 2.610 1.294 1.320 1.305 2.602 2.766 1.276 1.526 1.276 1.381 0.000
18. BOSTON 1.220 1.217 1.251 1.190 1.231 1.232 1.157 1.279 1.307 1.238 1.293 1.157 1.306 1.399 1.281 1.328 1.267
19. JACKSCNVILLE 1.170 1.381 1.338 1.170 1.462 1.768 1.164 1.705 1.431 1.396 2.192 1.164 1.356 1.359 1.408 2.086 1.991
20. NEW ORLEANS 1.181 1107 1.212 1.185 1.143 1.281 1.197 1.606 1.340 1.132 1.209 1.198 1.107 1.217 1.301 1.106 1.371 i
21. SAN JOSE 1.317 1.333 1.390 1.307 1.296 1.318 1.363 1.509 1.324 1.290 1.409 1.363 1.391 1.381 1.282 1.603 1.302 &
22. COLUMBUS 1.318 1.893 1.252 1.297 1.418 4.885 1.707 1.229 1.331 1.259 1.080 1.913 1.831 1.478 1.393 1.270 6.850
23. ST. LODIS 1.201 1.072 1.293 1.185 1.547 1.235 1.376 1.282 1.396 1.280 1.034 1.474 1.120 1.606 1.852 1.770 1.272
24. SEATTLE 1.328 1.317 1.423 1.306 1.601 1.325 1.351 1.862 1.404 1.576 1.404 1.345 1.302 1.607 1.337 1.508 1.299
25. DENVER 1.193 1.127 2.215 1. 176 2.334 1.139 1.261 2.665 2.361 2.511 1.377 1.260 1.228 3.866 1.458 1.782 1.125
26. KANSAS CITY 1.211 1.055 1.310 1.194 1.399 1.111 1.335 1.361 1.426 1.232 1.141 1.358 1. 180 1.808 1.498 1.900 1. 114
27. PITTSBURGH 1.388 1.149 1.248 1.350 1.405 3.651 2.011 1.227 1.320 1.259 1.132 2.281 1.245 1.452 1.277 1.272 7.076
28. NASHVILLE 1.616 1,285 1.452 1.662 1.384 1.680 1.750 2.056 1.557 1.374 3.386 1.770 1.246 1.494 1.494 4.817 1.861
29. ATLANTA 1.150 1.893 1.316 1.158 1.263 1.939 1.169 1.711 1.016 1.243 2.855 1,169 1.441 1. 335 1.415 2.719 2.202
30. CINCINNATI 1.355 1.178 1.320 1.355 1.776 2.441 1.384 1.575 1.410 1.534 6.433 1.357 1.178 1.660 1.331 2.013 2.877
31. BUFFALO 1.497 1.145 1.243 1.890 1.403 1.104 2.263 1.253 1.308 1.269 1.973 2.266 1.318 1.492 1.278 1.302 1.043
32. EL PASO 1.346 1.519 1.205 1.387 1.210 1.476 1.357 1.611 1.551 1.206 1.871 1.354 1.558 1.215 1.330 1.615 1.473
33. NINNEAPOLIS 1.305 1.182 1.728 1.258 1.613 1.289 1.370 1.624 1.801 1.543 1.487 1.350 1.122 2.144 1.752 1.352 1. 210
34. ONAHA 1.226 1.141 1.814 1.200 1.898 1.156 1.322 2.080 1.921 1.776 1.586 1.320 1.347 2.423 1.349 1.921 1.132
35. TOLEDO 1.456 1.109 1.253 1.803 1.488 9.551 2.287 1.281 1.328 1.288 3.047 2.426 1.313 1.546 1.283 1.335 1.129
36. OKLAHOMA CITY  1.291 1.188 1.515 1.289 1.256 1.209 1.419 1.226 1.681 1.146 1.308 1.447 1.237 1.796 1.634 2.587 1.2204
37. MIAMI 1.270 1.345 1.399 1.269 1.662 1.628 1.257 1.761 1.497 1.585 1.892 1.256 1.328 1.437 1.445 1.878 1.784
38. FORT WORTH 1.275 1.233 1.430 1.278 1.345 1.268 1.405 1.102 1.612 1.169 1.235 1.471 1.259 1.526 1.518 2.409 1.296
39. PORTLAND 1.385 1.809 1.427 1.367 1.550 1.401 1.416 1.805 1.401 1.531 1.495 1.012 1.392 1.596 1.345 1.625 1.373
40. HONOLOLO 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
51. FEWARK 1.084 1.279 1.268 1.062 1.229 1.458 1.065 1.276 1.330 1.235 1.259 1.080 1.358 1.393 1.296 1.338 1.592
42. LOUISVILLE 1.906 1.226 1.391 1.979 1.372 1.926 2.401 1.810 1.484 1.382 6.245 2.477 1. 187 1.553 1.385 2.677 2. 162
B3. LONG BEACH 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
44. TULSA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O0.000
45. OAKLAND 1.295 1.303 1.363 1.285 1.301 1.292 1.339 1.514 1.309 1.295 1.418 1.339 1.361 1.380 1.190 1.611 1,276
46. AUSTIN 1.312 1.283 1.248 1.319 1.786 1.285 1,352 1.284 1.436 1.0784 1.267 1.353 1.259 1.272 1.338 1.828 1.318
57. TOCSON 1.389 1.526 1.235 1.3488 1.189 1.480 1.355 1.476 1.854 1.185 1.462 1.351 1.568 1.114 1.357 1.540 1.471
48. BATON ROUGE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
49. NORFOLK 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

50. CHARLOTTE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0-000 0.000 0,000 0.000 0.00Q 0.000 0.000




1.
2.
3.

S.
6.

as
9.
10.
11.
12,
13.
14,
15.
16.
17.
1R.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
l6.
37.
i8.
39.
40.
4.
u2.
413,
bu,
us,
46.
47.
48,
u9g,
50.

NEW YORK
CHICAGO

L0S ANGELES
PHILADELPHIA
HODSTON
DETROIT
BALTIMORE
DALLAS

SAN DIEGO
SAN ANTONIOC
INDIANAPOLIS
WASHINGTON
MILWANKEER
PHOENIX

SAN FRANCISCO
MEMPHIS
CLEVELANE
BOSTON
JACKSCNVILLE
NFW ORLEANS
SAN JOSE
COLNMMBOS

ST. LOUIS
SEATTLE
DENVER
KANSAS CITY
PITTSBURGH
NASHVILLF
ATLANTA
CINCINNATI
BUFFALO

EL PASO
MINNEAPOLIS
OMAHA
TOLEDO
OKLAHOMA CITY
MIAMT

FORT WORTH
PORTLAND
HONROLOLU
NFEWARK
LOUISVILLE
LONG BEACH
THULSA
OAKLAND
AUSTIN
TUCSON
BATON ROUGE
NORFOLX
CHARLOTTE

1.356
1.359
1.408
2.086
1.991
1.189
0.000
1.662
1.402
2.059
1. 967
1.418
1.521
1.715
1.688
1.365
2.266
1.937
1.607
1.371
1.353
1.534
1.810
1.747
1.248
1.621
1.505
0.000
1.163
1.452
0.000
0.000
1.408
1.524
1.338
0.000
0.000
0.000

1. 181
1.107
1.212
1. 185
1. 143
1. 281
1. 197
1.606
1. 340
1. 132
1.209
1.198
1. 107
1.217
1.301
1. 106
1.371
1.187
1.662
0.000
1.295
1. 307
1. 374
1.528
1.813
1.613
1.342
1.189
1. 231
1.730
1.327
1. 202
1.276
1.671
1. 308
1.534
1. 861
1. 454
1.556
0.000
1.179
1.186
0. 000
0.000
1.301
1.362
1. 189
0.000
0.000
0.000

1. 317
1.333
1. 390
1. 307
1. 296
1. 318
1. 363
1.509
1.324
1. 290
1.409
1.363
1. 391
1.381
1.282
1.603
1. 302
1.300
1.402
1. 295
0.000
1. 385
1. 439
1. 327
1. 527
1. 483
1.302
1.531
1.407
1.361
1.302
1. 326
1.786
1.391
1. 310
1.628
1.443
1.514
1.330
0. 000
1. 318
1.418
0.000
0. 000
1.131
1.333
1. 357
0.000
0.000
0. 000

1.318
1.893
1.252
1.297
1.418
4.885
1.707
1.229
1.331
1.259
1.080
1.913
1.831
1.478
1. 393
1.270
6. 850
1.340
2.059
1.307
1.385
0.000
1.060
1.396
1.338
1. 125
1.178
3.099
2.888
8.172
3.531
1.429
1.501
1.4380
6. 306
1.271
1.799
1.231
1.476
0.000
1.322
4.492
0.000
0.000
1.394
1.270
1.424
0.000
0.000
0.000

1. 540
0.000
0.000
0.000

Tabkle B.7,

1.193
1. 127
2.215
1.176
2. 334
1.139
1.261
2.665
2.361
2.511
1.377
1. 260
1.228
3. 866
1.458
1.782
1.125
1.171
1.521
1.813
1.527
1.338
1.656
1.605
0.000
2.057
1. 142
1.515
1.582
1.220
1. 135
6.693
2.081
1.114
1.125
3.036
1.529
2.686
1.481
0.000
1.194
1.318
0.000
0.000
1. 460
2.509
3.856
0.000
0.000
0.000

continued.

1.388
1. 149
1.248
1.350
1.405
3.651
2.011
1.227
1.320
1.259
12132
2.281
1.245
1.452
1.277
1.272
7.076
1.390
1.688
1.342
1.302
1.178
1.094
1.290
1.142
1.139
0.000
2.C83
2.051
2.989
4,894
1.404
1.198
1.154
3.479
1.257
1.576
1.228
1.362
0.000
1.396
2.334
0.000
0.000
1.277
1.269
1.602
0.000
0.000
0.000

1.616 1.150
1.285 1.493
1.452 1.316
1.662 1.154
1.384 1.263
1.680 1.939
1.750 1.169
2.056 1.711
1.557 1.416
1.378 1.243
3.38B6 2.855
1.770 1.169
1.246 1.441
1.494 1,335
1.4948 1.415
4.817 2.719
1.861 2.202
1.548 1.164
1. 365 2. 266
1.189 1.231
1.531 1.4807
3.099 2.888
3.140 2,490
1.417 1.451
1.515 1.582
2.008 1.946
2.083 2.051
0.000 1.714
1.714 0.000
3.401 2.541
1.642 1.857
1.488 1.319
1.334 1.430
1.652 1.675
1.788 2.034
2.208 1.863
1.336 1.742
1.924 1.605
1.518 1.545
0.000 0.000
1.619 1.1066
1.173 1.717
0.000 0.000
0.000 0.000
1.496 1.816
1.573 1.403
1.4850 1.300
0.000 0.000
0.000 0.000
0.000 0.000

1. 355
1.178
1.324
1. 355
1.776
2. 401
1. 384
1.575
1.410
1. 534
6.433
1.357
1. 178
1.660
1. 331
2.013
2.877
1.356
1.937
1.730
1.361
8.172
1.885
1.311
1.220
1. 358
2.989
3.4801
2.541
0.000
2.070
1.650
1. 184
1.270
2.900
1.477
1.701
1.567
1.398
0.000
1. 358
7.010
0.000
0.000
1.331
1.568
1.6 10
0.000
0. 000
0.000

1. 497
1.145
1.243
1. 890
1.403
1.104
2. 263
1.253
1.308
1. 269
1.973
2.266
1. 318
1.492
1.278
1. 302
1.043
1.292
1.607
1. 327
1.302
3.531
1. 209
1.326
1.135
1. 110
4.894
1.642
1. 857
2.070
0.000
1.431
1. 288
1.147
1. 141
1. 196
1. 540
1. 256
1.390
0.000
1.578
1.755
0.000
0.000
1. 279
1.279
1. 438
0.000
0. 000
0. 000

1. 346
1.519
1.205
1. 347
1.210
1.476
1.357
1.61M
1.551
1.206
1.471
1.354
1. 558
1. 215
1.330
1.615
1.473
1.349
1.371
1.202
1.326
1.429
1. 568
1.606
4.693
1. 755
1.404
1.488
1.319
1. 650
1.431
0. 000
2.004
2.372
1. 487
1.888
1.477
1.637
1.574
0.000
1.347
.53
0.000
0.000
1.329
1.298
1.137
0.000
0.000
0.000

1. 226
1. 181
1.814
1.200
1.898
1. 156
1.322
2.080
1.921
1.776
1. 586
1.320
1. 347
2.423
1-349
1.921
1. 132
1.193
1.534
1.671
1.391
1.480
2.170
1.597
1. 114
3.601
1. 154
1.652
1.675
1. 270
1.147
2. 372
3. 150
0.000
1.132
2.14827
1.497
2.012
1. 461
0.000
1.227
1.418
0.000
0.000
1. 350
1.822
2.299
0.000
0.000
0.000
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1.
2.

u,
5.

T

8.

9.
10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32,
33.
34,
35.
36.
37.
38.
39.
40.
41.
42.
u3.
4y,
a5.
46.
u7.
48,
a9,
50.

NEW YORK
CHICAGO

LDS ANGELES
PHILADELEHIA
HOUSTON
DETROIT
BALTIMORE
DALLAS

SAN DIEGO
SAN ANTONIO
INDIANAPOLIS
WA SHINGTOR
MI LWAUKEE
PHOENTX

SAN FRANCISCO
MEMPHIS
CLEVELAND

BO STON
JACKSONVILLE
NEW ORLEARS
SAN JOSE
COLUMBUS

sT. LOUIS
SEATTLE
DENVER
KANSAS CITY
PI TTSBURGH
NA SHYTILLE
ATLANTA
CINCINNATI
BUFFALO

EL PASO
MINNEAPOLIS
OMAHA

TOLEDO
OKLAHOMA CITY
MIANMI

FORT WORTH
PORTLAND
HONOLULUO
NEWARK
LOUISVILLE
LONG BEACH
TULSA
OAKLAND
AUSTIN
TUOCSON

BATON ROUGE
NORFOLK
CHARLOTTE

1.454
1.109
1.253
1.803
1.444
9.551
2.287
1.281
1.328
1.288
3.047
2. 426
1.313
1.546
1.283
1. 335
1.129
1.253
1.810
1.308
1.310
6. 306
1.263
1.303
1.125
1. 104
3.479
1.788
2.034
2.900
1. 141
1.487
1.210
1. 132
0.000
1.218
1.650
1. 285
1.382
0.000
1.502
2,149
0.000
0.000
1.283
1.303
1.486
0.000
0.000
0.000

1.291
1.184
1.515
1.289
1.256
1.209
1.419
1.226
1.682
1. 146
1.308
1. 447
1.237
1.796
1.634
2.587
1.224
1.241
1.747
1.534
1.628
1.271
1. 445
2.037
3.036
1.293
1.257
2.208
1.863
1.477
1. 196
1.888
1.787
2.427
1.218
0.000
1.736
1.075
2.002
0.000
1.292
1.700
0.000
0.000
1.636
1.125
1.729
0.000
0.000
0.000

1. 270
1.345
1. 399
1. 269
1.662
1.628
1. 257
1.761
1. 497
1. 585
1.892
1.256
1. 328
1.437
1.445
1.878
1.784
1. 287
1. 248
1.861
1.443
1.799
1.776
1.422
1.529
1. 640
1.576
1. 336
1.742
1.701
1. 540
1. 477
1.336
1.497
1. 650
1.736
0.000
1.694
1.506
0.000
1.262
1.381
0.000
0.000
1. a46
1.679
1.429
0. 000
0.000
0. 000

1. 275
1.233
1.430
1. 278
1.345
1. 268
1. 405
1.102
1.612
1. 169
1.235
1.471
1. 259
1.526
1.518
2. 409
1.296
1.279
1.621
1. 454
1.514
1.231
1.291
1.864
2.686
1. 265
1.228
1. 924
1. 605
1.567
1.256
1.637
1. 645
2.012
1. 285
1. 075
1.694
0.000
1.809
0. 000
1. 275
1.792
0.000
0. 000
1.519
1.166
1. 489
0. 000
0.000
0.000

1.385
1.409
1.427
1.367
1.550
1.401
1.416
1.805
1.401
1.531
1.495
1.412
1.392
1.596
1.345
1.625
1.373
1.384
1.505
1.556
1.330
1.476
1.601
1.301
1.481
1. 741
1.362
1.518
1.545
1.398
1.390
1.574
1.6442
1.461
1. 382
2.002
1.506
1.809
0.000
0.000
1.386
1.4480
0.000
0.000
1.332
1.588
1.550
0.000
0.000
0.000

Table B.7,

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.084
1.279
1.268
1.062
1.229
1.454
1.065
1.276
1.330
1.235
1.259
1.080
1.358
1.393
1.296
1.338
1.592
1.234
1.163
1.179
1.318
1.322
1.202
1.328
1.194
1.212
1.1396
1.619
1. 146
1.1358
1.578
1.3u7
1.307
1. 227
1.502
1.292
1.262
1.275
1. 386
0.000
0.000
1.916
0.000
0.000
1.296
1.312
1.350
0.000
0.000
0.000

ccntinuged.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

1.292
1.339
1.514
1.309
1.295
1.418
1.339
1.361
1.380
1.188
1.611
1.276
1.281
1.408
1.301
1.132
1.39%4
1.453
1.327
1.460
1.499
1.277
1.496
1.416
1.331
1.279
1.329
1.754
1.350
1.283
1.636
1.446
1.519
1.332
0.000
1.296
1. 386
0.000
0.000
0.000
1.338
1.354
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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Appendix C: AIR PASSENGER SOURCE DATA

All data presented in this appendix were derived from the Domestic
Origin Destination Survey of Airline Passenger Traffic which is carried
out by the Civil Aeronautics Board on a continuous basis from the flight
coupons of individual passenger trips. Definitions and notes pertinent
to the table contents are given below.

- All data pertain to certificated route air carrier
traffic.

» Domestic operations are those within the 50 states with
purely intra-Alaskan traffic excluded. Domestic portions
of interational/territorial itineraries are included.

+ Round trips and other itineraries involving movement in
two directions are treated as two one-way trips.

+ Passenger-miles are the summation of the number of
passengers times the great-circle airport to airport
distance for each air carrier flight coupon state in
each itinerary.

+ The mileage intervals are based on the airport to airport

great-circle distance.
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Table C.1. Passenger-miles and Number of Trips by Trip Length, 1975

DOMESTIC CITY PAIRS PASSENGERS PASSENGER=-M[LES
PASSENGER BT e e e S ——— T
ONE-WAY PERCENT OUTBNUND & PERCENT PERCENT
TRIP LENGTH  ———-- =======--=—=  [NBOUND  ==—=-m==-m—mm —=== OQUTBOUND & INBOUND =====-=-ceeceoo—o
(MILES) NUMBER SIMPLE CUMULATIVE  (10C3) SIMPLE CUMULATIVE 100¢) SIMPLE CUMULATIVE
4 - 49 98 0.2 0.2 65 0.1 2.1 24330 £ 4
50 - 99 413 0.7 2.9 946 0.7 0.8 79,283 3 0.1
100 - 149 T8 1.3 2.2 3,584 2.8 3.6 435,302 0.3 .
150 = 199  l.l64 2.0 4.l 6,848 5.3 8.9 1:271,175 1.0 1.5
200 = 249 1,495 2.5 6.6 8,550 6.6 15.5 1+972,675 L.6 3.2
250 = 299 L.T26 2.9 9.5 74255 5.6 2l.2 2,074,356 1.7 4.9
3N - 349 1,864 3.1 127 7,312 5.7 26.3 2,496,179 2.1 7.0
350 - 399 1,960 3.3 16.0 4,372 3.4 30.2 14750,991 1.4 8.5
400 - 449 2,055 3.5 19.4 64030 4.7 34.9 24653,826 2.2 0.7
450 = 499 2,086 3.5 23.) 4,972 1.9 38.8 2:527,197 2.1 12.8
S00 - 549 2,131 3.6 26.5 3,809 3.0 al.7 24162,936 1.8 14,7
550 - 599 2,166 3.6 30.2 4,861 3.8 45.5 21989, 766 2.5 17.2
80" - 649 2,196 3.7 33.9 3,642 2.4 48.3 2,432,157 2.2 19.2
650 - 699 2,198 3.7 3T.0 4,057 5.2 51.5 2,895,306 2.4 21.7
700 - 749 2,117 3.6 alai 4,008 Jel S4.6 3,052,503 2.5 2442
IS¢ = 799 2,060 3.5 44,6 2,958 2.3 56.9 2,436,079 2.0 6.3
800 = 849 2,034 3.4 48.0 3,302 2.6 59.5 2,871,542 2.4 8.7
850 = 899 1,932 3.3 51.3 3,115 2.4 61.9 2+853,749 2.4 3.1
90% - 949  1,d8) 3,2 54.5 3,788 2.9 64.8 346664795 3.9 34.2
950 - 999 1,712 2.9 57.3 3,339 2.6 67.4 3,387,518 2.8 3r.l
1000 - 1049  L.676 2.8 60.2 3,565 2.8 79.2 3,773,901 3.1 40.2
1050 = 1099 1,493 2.5 62.1 4,459 3.5 73.6 4,918,024 4ol 44,4
1103 = L1149 1,415 2.4 85.1 1,908 1.5 75.1 242414513 1.8 46,3
1150 = 1199 1,320 2.2 67.3 2+500 1.9 77.1 3,048,553 2.5 48.8
1200 - 1249 1,249 2.1 69. 1,896 1.5 T8.5 2,413,795 2.0 50.9
1259 - 1299 1,150 1.9 Tl 1,072 0.8 9.4 Le421,6T1 L.l 52.1
1300 - 1349 1,115 1.9 73,2 Lil01 0.9 80.2 Le514,50¢4 1.2 53.3
1350 - 1399 986 1.6 4.8 14471 lat 8l.4 2,098,335 1.7 55.1
1400 - 1449 325 l.6 76,2 1,427 1.1 82.5 2,109,927 1.7 56.9
145C - 1499 816 l.% 7.6 946 9.7 83.2 1,463,683 1.2 58,1
1500 - 1549 16 1.3 8.9 L1336 1.0 84.2 2,093,140 1.7 59.9
1550 - 1599 745 1.3 80.2 14013 0.3 45.0 116594671 1.3 6l.3
1600 - 1649 T4 1.3 Bl.a 974 0.8 85.8 L1643,545 1.3 62.7
1650 = 1699 L 1.2 82.6 644 0.5 46.3 1,126,950 2.9 63.6
LT00 - 1749 654 1.1 83.7 966 0.8 87.0 1,733,093 (s 65.1
L75C - 1799 663 1.1 B4, 8 14340 1.0 88.1 2,430,524 2.9 67.1
1800 — L849 583 1.0 85.8 738 9.6 88.6 1,396,873 1.1 68.3
1850 - 1599 804 1.0 86.8 760 0.6 89.2 1,479,509 1.2 69.5
1900 - 1949 524 0.9 ar.7 703 0.5 89.8 1:406+415 1.1 T0.7
1950 - 1999 538 0.9 88.6 855 n.7 90.4 1+756,383 l.4 12.2
2700 - 2049 402 0.7 89.3 349 9.3 90.7 724,403 0.6 12.8
2050 - 2099 364 0.6 89.9 630 0.5 91.2 1+357,510 1.1 14,0
2100 - 2149 384 (.6 9.5 705 c.5 9.7 115524458 1.3 15.3
2159 - 2199 3719 0.6 91.2 459 0.4 92.1 1,046,277 0.8 T6.1
2200 - 2249 363 G.6 91.8 431 0.3 92.4 993,564 0.8 77.0
2256 - 2299 386 0.6 92.4 385 0.3 92.7 905,595 2.1 1.7
2300 - 2349 3Bl 0.6 93.1 1,131 0.9 93.6 2,720,792 2.2 80.0
2350 - 2399 367 0.6 93.7 700 0.5 96.2 1,723,087 1.4 8l.5
2400 - 2449 336 0.6 9%.2 1,192 .9 95.1 2,978,572 2.5 B4.0
2459 ~ 2499 315 0.5 9%.4d Leb63 1a2 96.3 3,964,062 3.3 87.3
2500 - 2549 252 0.4 95.2 453 0.4 96.7 1,190,311 1.2 88.3
2550 - 2599 212 0.4 95.5 1,652 1.3 97.9 4,349,865 3.6 92.2
2600 - 2649 159 0.3 95.8 629 0.5 98.4 1+885,440 L& 93.4
2650 - 2699 128 0.2 96.0 209 0.2 98.6 5794518 0.% 93.9
2700 - 2749 128 0.2 96.2 216 n.2 98.8 168,967 9.6 94.8
2750 - 2799 103 9.2 96.4 95 0.1 98.9 288,385 0.2 94.8
2800 - 2849 46 0.1 96.6 21 3 98.9 66,173 3 94.9
2850 - 2899 86 0.1 96.7 45 i1 98.9 139,905 0.1 95.0
2900 - 2949 61 2.1 96.9 35 3 99.0 107,891 € 95.1
2950 - 2999 60 0.1 96.9 34 3 99.0 106,558 4 95.2
3000 - 3049 66 0.1 97.9 28 6 99.0 92,210 £ 95.2
3050 - 3099 e 0.1 7.2 15 € 99.0 5L,611 c 95.3
3100 - 3149 70 0.1 97.3 1 3 99.0 39,141 3 95.3
3150 - 3199 % 0.1 97.4 13 £ 99.0 46,242 r. 95.3
3200 - 3249 67 0.1 91.5 18 € 99.0 61,025 € 95.4
3250 - 3299 8% Q.1 97.6 4l [ 9.1 145,157 J.1 95.5
3300 - 3349 66 0.1 97.7 12 ¢ 99.1 44,128 3 95.6
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Table C.1. (Cont'd)

DOMESTIC CITY PALRS PASSENGERS PASSENGER-M[LES
PASSENGER e~ e e ———— - — - -— -
ONE-WAY PERCENT OUTBOUND & PERCENT PFRCENT
TRIP LENGTH mmmemmmecem—.—aaa [ NBOUND m=m-emeeme——e-—-e  QUTBOUND £ INBOUND =--—---m-emmmmm

IMILES) NUMBER SIMPLE CUMULATIVE {1020) SIMPLE CUMULATIVE 1200 SIMPLE CUMULATIVE
3350 - 3399 s1 N.l 97.8 62 A 99.1 218,553 0.1 95.7
3400 - 3449 75 J.1 97.9 18 A 99.1 67,041 [ 95.8
3450 - 3499 39 0.1 98.) [ ¢ 99.2 22,531 [3 95.8
3500 - 3549 40 C.l 98.1 5 3 99.2 20,280 [ 95.8
3550 - 3559 34 2.1 98.1 . [ 99.2 9,924 4 95.8
3600 - 3649 38 C.l 98.2 L4 [ 99.2 164941 & 95.9
3650 - 3699 44 0.l 98.3 9 [4 99.2 35,548 c 95.9
3700 - 3749 40 2.1 98.3 30 [3 99.2 119,983 0.1 95.0
3750 - 3799 50 0.1 98. 4 59 [4 99.2 196,451 0.1 96.2
3800 - 3849 39 0.1 94.5 32 E 99.3 121,850 0.1 96.3
3850 - 3899 32 0.1 98.5 24 [3 99.3 98,491 L 96.3
3900 - 3949 ) 0.l 98.6 45 [4 99.3 183,525 0.1 96.5
3950 - 3999 38 0.1 98. 7 51 3 99.3 207,081 0.1 96.7
4000 - 4049 4l 0.1 98.7 14 3 99.4 594295 3 96.17
4050 - 4099 38 0.1 98.8 10 [3 99.4 43,476 L 96.8
4100 - 4149 40 0.1 98.9 25 3 99.4 107,869 {1 96.9
4150 - 4199 42 0.1 98.Y 57 [3 99.4 251,437 0.2 97.1
4200 - 4249 43 Q.1 99.0 30 3 99.5 130,694 0.1 97.2
4250 - 4299 4T 0.1 99.1 123 0.1 99.6 531,906 0.4 97.6
4300 - 4349 45 0.1 99.2 18 £ 99.6 79,154 3 97.7
4350 - 4399 45 0.1 99.2 25 3 99.6 113,859 3 97.8
4400 - 4449 48 0.1 99.3 32 L 99.6 148,468 0.1 91.9
4450 - 6499 26 3 99.4 37 4 99.6 169,003 0.1 98.1
4500 = 4549 32 0.1 99.4 31 [ 99.7 142,095 0.1 98.2
4550 = 4599 30 0.1 99.5 28 4 99.7 128,343 n.l 98.3
4600 - 4649 48 0.1 99.6 14 4 99.7 68,304 1 94.3
4650 - 4699 34 2.1 99. 6 38 & 99.7 179,645 0.1 9H.5
4700 - 4749 33 0.1 99.7 17 £ 99.7 83,115 [3 98.6
4756 - 799 43 0.1 99.7 23 (3 99.8 il1,138 4 98.7
4800 - 4849 34 0.1 99.8 48 [ 99.8 235,442 Ol 98.9
4850 - 4899 32 0.1 99.9 46 A 99.8 231,379 9.1 99,0
4900 - 4949 24 3 99.9 48 4 99.9 243,874 0.2 99.3
4950 - 4999 20 [4 99.9 114 0.1 130.0 577,147 0.4 99.7
5000 - 5049 11 £ 103.0 22 3 100.0 110,933 (4 99.8
5050 — 5099 15 Lt 100.2 16 3 102.0 185,451 0.1 100.0
5100 - 5149 9 & 100.0 . [4 100.0 14,089 [4 100.0
5150 - 5199 4 L 100.2 . £ 120.0 1,226 A 1nn.e
ALL TRIPS 59,403 100.0 100.23 128,790 100.0 103.0 118,720,034 100.0 100.0
MEDIAN TRIP LENGTH (MILES) 673
MEAN TRIP LENGTH (MILES) 921

* LESS THAN 500.

£ LESS THAN .05 PERCENT.

NOTES.

ROUND TRIPS AND OTHER ITINERARIES INVOLVING MOVMENT IN TwO DIRECTIONS ARE TREATED AS TWO ONE-WAY TRIPS,
DOMESTIC OPERATIONS ARE THOSE WITHIN THE 50 U.S. STA™"S WITH PURELY INTRA-ALASKA TRAFFIC EXCLUDED.
{PRIDR TN 1968 DOMESTIC INCLUDED ONLY THE 48 CONTIGUULUS U. S. STATES.)

DOMESTIC PURTIONS OF DOMESTIC- INTERNATIONAL/TERKRITORIAL 1TINERARIES ARE INCLUDED TN THE TABULATION.
TRAFFIC IS CATEGORIZED BY CLASS INTERVAL OF NISTANCE BASFD UPON THE NONSTOP AIRPORT-TO-AIRPORT
GREAT-CIRCLE NISTANCE.

PASSENGER-MILES' ARE THE SUMMATIUN OF THE NUMSER NF PASSEMGERS MULTIPLIED BY THE GRFAT-CIRCLE
ATRPORT-TO-A[RPNRT HMILFAGE FOR EACH AIR CARRIER FLIGHT-COUPNN STAGE IN EACH INOIVIDUAL ITINERARY,

SOURCE .
DERIVED FROM CIVIL AERONAUTICS BNARD, DOMESTIC ORIGIN-DESTINATION SURVEY DF AIRLINE PASSENGER TRAFFIC, VOLUME VII[=L=1,

FOURTH QUARTER 1975, TABLF 5 (PUBLISHED BY THF AIR TRANSPORT ASSOCIATION OF AMFRICA),

Civil Aeronautics Board, Handbook of Airline Statistics,
Supplement, Washington, D.C., December 1977.

Source:
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Table C.2. Top 100 City Pairs Ranked by Number of Passengers, 1975

PASSENGERS PA'SSENGER-=-MI]1LES

PL.RCENT PERCENT

CITY PAIK IN BOTH DIRECTIUNS INTER-CITY CUMU- CuMU-

(IN ORLER NF PASSENGLR RANK} DISTANCE NUMBER LA- NUMBER La-

- (MILES) (1000) SIMPLE TIVE RANK  (1000) SIMPLE TIVE
ACSTON, MASSACHUSETTS ~NEA YORK, NEw YORK 191 1,685 (e} 1.3 1 319,002 2.3 0.3 4l
CHICAGU, ILLINUIS ~NEW YURK, NEW YORK 122 1.598 1.2 2.5 2 LelTT4591 1.0 1.3 7
NEW YO3Ky NaY./NEWARK, N.J. -WASHINGTUN, 0. Ce 212 1,569 1.2 3.8 3 335,913 0.3 1.5 31
MiaMI[, FLURIRA ~NEW YORK, NEW YORK 1,091 1y448 1.1 4.9 4 1+597,851 1.3 2.9 3
LCS ANGFLES. CALIFORNIA -NEW YURK, NEW YORK 24465 1,169 2.9 5.8 5 2:934,)08 2.5 5.4 1
FCHT LAUDEKDALE, FLCRIDA -NEW YURK, NEW YORK 1,972 1.126 0.9 6.7 & 141209,509 1.0 6.4 6
LLS AMGHLES: CALISOKNIA -SAN FRANCISCO,CALIF. 367 919 2.7 7.4 7 316,663 0.3 6.6 43
NEW YORK: N.Y./NEWARK: N.Jd. ~SAN FRANCISCO.CALIF. 2,576 822 Q0.6 8.0 8 24163,264 1.8 8.5 2
CHICAGD, ILLINOILS -LOS ANGELES, CALIF. 1,751 694 0.5 8.6 9 Ls235,756 L.0 9.5 &
DETROITLANN ARROR, MICHIGAN  -NEW YOURK, NEW YORK 491 655 0.5 9.1 10 330,208 0.3 9.8 39
LAS VEGAS, NEVACA -LOS ANGELES, CALIF. 236 636 0.5 9.6 1l 150,350 0.1 9.9 108
NEW YURK, N,Y./NEWARK, N.J. ~PITTSBURGH, PENNA, 323 577 Q.4 10.0 12 192,823 D2 10.1 83
HONOLULU,y UARU, HAwALL ~LIHUE, KAUAIL, HAWALI 102 573 0.4 10.5 13 59,88l 0.1 10.1 327
4CSTCN, MASSACHUSETTS ~WASHINGTON, D. C. 403 559 0.4 10.9 14 224,683 0.2 10.3 &8
ATLANTA. GEURGLA -NEW YURK; NEW YORK 155 552 0.4 11.3 15 4344503 .4 10.7 24
CHICAGD, [LLINOIS ~MINNEAPOLIS, MINN, 345 S44 LY 11.7 rs 187.520 0.2 10.8 87
CHICAGO, ILLINUILS -DETROI T, MICHIGAN 237 511 Q.4 12.1 17 119,929 0.1 L0.9 145
CLEVELAND, UHID ~NEW YUORK, NEW YORK 411 509 0.4 12.5 18 213,921 0.2 1.1 Tl
L3, HAWAIL, HAWALI ~HUNOLULU,0AHU (HAWATLL 2le 48u 0.4 12.9 19 113,312 9.1 11.2 158
AUFFALDENTAGARA FALLS.NEW YORK-NEwW YORK, NEW YORK 291 4179 .4 13.3 20 1404330 0.1 1l.3 Lle
HONJLULU,y OAHU. HAWATR -LUS ANGELES, CALIF. 24556 477 2.4 13.7 2l 1.4235.4964 1.9 12.4 5
CHICAGD, [LLINJIS -dASHINGTON, 0. C. 595 412 0.4 14.0 22 292,227 0.2 12.6 52
HCNJLULU, UOAHU, HAwATL ~KAHULULs MAUIL HAWALI 120 449 0.3 le.e 23 444944 * 12.7T 434
NEW YORK, N.Y./NEJARK, Nud. -TaMPA, FLOWIDA 10086 441l 0.3 14.7 24 450,981 0.4 13.0 22
CHICAGD, [LLINOLS -S$T. LOUIS, MISSOURI 256 441 0.3 15.1 25 1144751 n.1 13.1 153
CHICALT, [LLINOIS -SAN FRANCISCOsCALIF. 1,855 397 0.3 15.4 28 754,695 0.6 13.8 9
CRILAGN, [LLINOIS -M14aM[, FLORIDA 1,187 385 0.3 15.7 27 465,873 0.4 L4221
CALLASGLFT,. WURTH, TEXAS -NEW YORKy NEW YORK 1:379 364 n.3 6.0 28 544,793 0.5 14.6 15
LGS ANGELES. CALIFURNTA ~SEATTLE, WASHINGTON 956 38z 0.3 16.3 29 3684065 0.3 14.9 29
BOSTONs MASSACHUSFTTS -PHILADELPHIA, PENNA 271 369 0.3 16.5 30 IC4y 402 J.l 15.0 179
3CSTUNs MASSACHUSSTTS -CHICALG, (LLINOTS 452 369 0.3 l6.8 31 322,815 0.3 15.3 &N
NENVER, CNLORADND -LUS ANGELES, CALIEF. 849 368 0.3 L7.1 32 3L6.686 2.3 15.6 42
VEm YORK,. N.Y./NEWARK, N.J. -JRLANLO, FLURIODA 941 359 0.3 17.4 33 348,920 3.3 15.9 33
NEd YORK, N.Y./NEWARK, N.J. —ROCHESTER, NEW YNRK 253 350 0.3 17.17 34 89,519 2.1 15.9 211
SAN FRANCISCO, CALIFURNLA -SEATTLE, WASHINGTON 672 342 3.3 17.9 35 233,967 0.2 l6.1 65
LCS ANGELES, CALIFURNIA -WASHINGTON, 0. C. 2,304 34l 0.3 18.2 36 7961694 e.7 l6.8 8
HCUSTCN, TEXAS -NEW YORK, NEW YORK L.4lé 340 0.3 18.5 37 490,373 0.4 17.2 19
CHICAGD. ILLINOILS -PHILADELPHIA, PENNA 673 339 2.3 18.7 38 233,165 0.2 17.4 66
CRICAGU. ILLINOIS -CLEVELAND, uUHIO 31l 334 0.3 19.0 39 106,+318 J.1 17.5 172
CHICAGD, ILLINOIS -DENVER, COLORADO 908 334 J.3 19.2 40 3064143 0.3 11.8 45
NEw YC3Imy N.Y./NEWARK, N.J. -WEST PALM BEACH.FCXx. 1,329 331 0.3 19.5 41 367,844 0.3 l8.0 34
DALLASELFT. WORTH, TEXAS -LUS ANGELES, CALIF. 1.241 326 0.3 19.7 42 412,836 0.3 18.4 25
LCS ANGELES, CALIFORNIA -PHUENL Xy ARIZONA | 70 323 0.3 20,0 43 1204129 0.1 18.5 144
NEw YCRK, N.Y./NEWARKs NoJs  -ST. LOUIS, MISSOURI 883 319 0.2 29.2 44 278,948 0.2 18.7 54
CHICAGO, ILLINDILS -DALLASEFT.WORTH, TEX 820 293 2.2 20.5 45 241 721 0.2 8.9 64
HUNILULU, OAHU, HAWATIL -SAN FRANCISCO,CALIF. 2,397 290 0.2 20.7 486 T114593 0.8 19.5 11
CENVER, COLORADD -NEW YORK, NEW YORK . l.628 288 0.2 20.9 47 477,976 0.4 19.9 20
PHILADELPHIA, PA./CAMOEN, NoJ.-PITTSBURGH, PENNA, - 264 286 0.2 21.1 48 T6,987 0.1 20.0 259
CHICAGD, ILLINOILS -KANSAS CITY,MISSOURT 407 283 0.2 2l.4 49 116,525 Q. 20.1 147
HOSTUN, MASSACHUSETTS -L0S ANGELES, CALIF. 2,611 271 0.2 21.6 50 Tlbyl42 0.6 20.7 10
VEM YCAK, N.Y./NEWAKK, N.J. ~SYPACUSE, NEW YORK 199 270 0.2 21.8 sl 544196 . 20.7 366
CHICAGU, ILLINDILS ~PITTSBURGH, PENNA. 413 270 0.2 22.0 52 L13,224 0.1 20.8 159
HCUSTUN, TEXAS -NEw ORLEANS, LA. 304 261 0.2 22.2 53 B0 l4a5 0.1 20.9 245
CHICAGU, ILLINUIS -TAMPA, FLORIDA 1,008 261 0.2 22.4 54 265+346 2.2 21.1 55
CHICAGH, ILLINOIS -FORT LAUDERDALEsFLA. 14172 256 0.2 22.6 55 303,516 0.3 2l.4 46
MINNEAPULIS/ST. PAUL.MINNESOT A-NEW YURX, NEW YORR 1.018 252 0.2 22.8 56 260,303 0.2 21.6 57
SAN FRANCISCOs CALIFORNIA -4ASHINGTON, D. C. 2,436 251 0.2 23.0 s7 625,895 2.5 22.1 12
CHICAGD, ILLINUIS -LAS VEGAS, NEVADA 1,521 249 0.2 23.2  s8 380,198 0.3 22.5 27
ATLANTA, GEORGIA =CHICAGU, ILLINOIS | 596 248 0.2 23.4% 59 157,375 0.1 22.6 103
NEW CRLEANS, LUOUISTANA ~NEW YORK, NEW YORK e L77 247 0.2 23.6 60 298,464 2.3 22.8 49
ATLANTA, GEORGIA ~AASHINGTUN; D. C. 543 246 0.2 23.7T sl 138,363 0.l 23.0 119
ATLANTA, GEORGIA -MLAMI, FLORIDA 595 245 0.2 23.9 62 L47.854 0.1 23.1 110
HCUSTCN, TEXAS -LOS ANGELES, CALIF. 1,384 244 n.2 24.1 63 I4leNT2 2.3 23.4 36
CHICAGO, ILLINOIS —-PHOENL X, ARIZIONA Le445 242 0.2 24.3 64 354,752 0.3 23.7 32
DETRUITLANN ARAUR, MICHIGAN ~LUS ANGELES, CALIF. 1,948 242 0.2 24,5 65 4914448 0.4 24.1 18
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Table C.2. (Cont'd)

PASSENGERS PA&SSENGER-MILES

PERCENT PERCENT

CITY PAIR IN BOTH DIRECTIONS INTER-CITY cumMu- CuMu-

(1N ORLER UF PASSENGER RANK) DISTANCE NUMBER LA= NUMB ER LA-
--------- (MILES) [1Q0CQ) SIMPLE TIVE RANK  (1000) SIMPLE TIVE  RANK
MIAaM], FLORIOCA -PHILADELPHIA, PENNA 1,221 241 0.2 24.7 66 246,413 0.2 24.3 62
CINCINNGTI, UHIC ~-NEW YORK, NEW YORK 580 234 0.2 24.9 o7 138,628 0.1 26.% 117
LLS ANGELES, CALIFORNIA —MINNEAPULIS, MINN, 1+536 233 0.2 25.1 68 363,937 0.3 24.7 3l
PCRTLAND, OREGUN ~SEATTLE, WASHINGTON 132 233 0.2 25.2 69 0,145 * 24.T7 654
eCSTONs MASSACHUSETTS -MlAMI, FLORIDA 1,258 233 0.2 25.4 70 2954617 0.2 25.0 50
DALLASEFT. WCRTH, TEXAS -HUUSTON, TEXAS 232 228 Q.2 25.6 Tl 524148 b 25.0 378
LCS ANGELES, CALIFORNIA -S5AN DIEGU.CALIFORNIA 129 225 0.2 25.8 12 244617 * 25.1 788
MIAMI, FLURIGA -WASHINGTON, D. C. 923 223 Ja2 25.9 73 2104538 0.2 25.2 13
CHICAGI, ILLINOIS -HJUSTUN, TEXAS 932 217 0.2 26.1 T4 2084415 0.2 25.% T4
HONOLULU, OAHU. HAWALL -KUNA, HAWAIL, HAWALL 169 214 0.2 26.3 75 37,543 . 25.4 516
CCLUMBUS, OHWIQ -NEW YORK, NEW YURK 473 212 D.2 2b.4 76 102,476 0.1 25.5 184
LCS ANGFLES, CALIFURNIA -PHILADELPHIA, PENNA 2,407 212 0.2 26.6 17 516,708 0.4 26.0 16
LCS ANGELES, CALIFOKNIA -Ml1AMI, FLORILA 2,342 2071 0.2 26.8 78 5024552 .4 26.4 17
DETKUITLANN ARBUK, MICHIGAN  —WASHINGTON, D. C. 3yl 204 0.2 26.9 19 82,668 g.1 26.5 234
UENVER, C(ULURADO =S5AN FRANCISLO,CALIF. 957 204 0.2 27.1 -] 199,459 0.2 2b.b 79
M1AM], FLORIDA -TAMPA, FLORICA 19¢ 203 0.2 27.2 81 414557 * 26.T 469
SEATTLE. WASHINGTON -SPOKANE, WASHINGTON 222 202 0.2 27.4 82 45,311 * 26.7 431
BOSTON, MASSACHUSETTS -SAN FRANCISCO,CALIF. 2,704 200 0.2 27.6 83 550.+281 0.5 21.2 13
LLS ANGCLES, CALIFURNIA =PURTLAND, QREGON 834 199 0.2 27.7 B4 1674507 0.1 27.3 96
Ch1CAGL, ILLINOIS ~CINCINNATI, OHIO 254 194 0.2 27.9 85 51,483 * 27.3 383
PCRTLANUS GRLEGON =SAN FRANCISCO,CALIF, 5641 193 0.l 28.0 86 107,381 0.l 2T.4 170
CHARLCTTE, NCRTH CAROLINA -NewW YORK, NEW YORK 537 192 0.1 28.2 ar 1044805 0.1 27.5 1718
DETRCITEANN ARMOK, MICHIGARN -TAMPA, FLORIDA 994 188 0.l 28.3 L) 165,737 0.2 27.T 88
NEW YUKK, N.Y./NEWARK, Nod. -NORFOLK, VIKGINIA 290 187 0.1 28.4 89 544956 L4 27.71 358
LCS ANGELES, CALIFORNIA ~SACRAMENTO, CALIF. 373 184 0.1 2H.6 90 69,114 0.1 27.8 295
INULANAPOLIS, INDIANA ~NEW YORK, NEW YORK 655 183 0.1 28.7 9l 121,615 0.1 27.9 141
MIAMI, FLORIDA =URLANDO, FLORICA 196 182 0.1 28.9 92 35,227 * 27.9 553
LCS AMGELES: CALIFURNIA -5T. LUUVIS, MISSOUR] 1592 182 0.1 29.0 93 294,230 0.2 28.2 51
CHICAGU, ILLINOIS —-DH LANDC, FLORIDA 991 179 Q.1 29.2 94 1824929 Qa2 28.3 90
dCSTUN, MASSACHUSETTS —-FIRT LAUDERDALE,FLA. 1,237 179 0.1 29.3 95 222,493 0.2 28.5 69
LAS VEGAS,wNEVADA ~NEW YURK, NEw YORK 24238 178 0.1 29.4 S6 409,643 0.3 28.8 26
LCS anNGFLESs CALIFORNIA ~SALT LAKE CITY, UTAH 590 177 0.1 29.6 S7 1064297 0.1 28.9 1713
ATLANTA, (EDrGlA -~TAMPA, FLORIDA 412 177 0.1 29.7 9E 73,194 0.1 29.0 275
NE# YORKs NoYo./NEwARK: Nuods » ~RALETGH/DURHAM, N.C. 424 174 0.1 29.8 99 T4,713 0.1 29.1 269
ECRT LAUDFKDALE, FLURIDA -PHILADELPHIA, PENNA 996 173 0.1 30.0 120 173,671 0.1 29.2 95
TGP LO0 CITY PAERS (RANKED IN NHOER UF PASSENGERS) XXX  3Hs607 30.0 30.0 XXX 34,674,706  29.2 29.2 xxx
ALL CITY PAIRS XXX L28,789 100.0 100.0 xXxx118,720,034 100.0 100.0 XXX

NOTFES.

COMESTIC NPERATICNS ARE THUSE WITHIN THE 50 U.S. STATES, wWITH PURELY INTRA-ALASKA TRAFFIC EXCLUDED.

(PRIDR TG 196d DUMESTIC INCLUDED GNLY THE 4B CONTIGUOUS U.S. STATES.)

PASSENGEK AMUOUNTS ARE THE SuM OF PASSENGER “OURNEYS MOVING IN BOTH DIRECTIONS BEVTWEEN THE CITY PAIRS, ON A DIRECTIONAL
CPILIN-DCSTINATION oASLS, REGLARDLESS OF THE NUMBER OF THANSFER POINTS OF AIRLINES USED, A ITH ROUND TKIPS AND OTHER
ITINERARTES [NVOLVING POVEMENT IN TWO OIRECTIUNS TREATED AS TWwO ONE=-WAY JOURNEYS,

COMESTIC PURTIONS OF DUMESTIC-INTERNATIONAL/TERRITORIAL ITINERARIES ARE INCLUNFD IN THIS TaBLE.

PASSENGtA=MILES ARE THE SUMMATION OF THE NUMBER OF PASSENGERS MULTIPLIED BY THE GREAT-CIRCLE AIRPORT-TO-AJRPORT MILEAGE
FO< EALI Alk CAKRIER FLIGHT-COUPON STAGE IN THE [NDIVIOJAL ITINERARIES MOVING BETWEEN THE CITY PA[RS,

SOURLE.
DExIVED FRIM CIVIL AERCNAUTICS SOARD, DOMESTIC ORIGIN-DESTINATION SURVEY OF AIRLINE PASSENGER TRAFFIC, VOLUME VII[1-l-1,

FOURTH QUARTER 1975, TABLES 1, &, AND B, RESPECTIVELY (PUBLISHED BY THE AIR TRANSPORT ASSOCIATION OF AMERICA}.

* LESS ThHAN Q.05 PEKCENT,

Source: Civil Aeronautics Board, Handbook of Airline Statistics,
Supplement, Washington, D.C., December 1977.
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PasSSENGER-MITLES P ASSENGERS
PERCENT PEACENT E

CITY PAIR IN BAOTH DIRECTIUNS INTER=CITY CuMy- CuMu-

{IN GHDER JF PASSENGER-MILE RANK) DISTANCE NUMBER LA- NUMRER LA-
-— (MILES) {1000] SIMPLE TIVE RANK {1000) SIMPLE TIVE RANK
LO> ANGELESs CALIFORNIA ~NEW YJRK, NEW YORK 2,465 2,934,008 2.5 2.5 1 L,169 0.9 C.9 5
NEW YORK, HoY./NEWARK. N.d. =5AN FRANCISCO.CALIF. 24576 2,163,2%% 1.8 4.3 2 822 0.6 1.5 8
MIAMI, FLOWIDA -NEW YORK, NEW YORK 1,291 1,5974851 1.3 5.6 3 Ly%%8 1.1 2.1 4
CHICAGU, [ILLINUIS -LUJS ANGELES, CALIF. 1,751 1,235,756 1.0 6.7 4 694 0.5 3.2 9
HONOLULU, CAHU, HAWAILL -LO0S ANGELES, CALIF, 21556 14,235,464 1.0 7.7 5 417 O.% 3.6 21
FURT LAUDERDALE, FLURIDA ~NLCW YORK, NEW YORK 1273 1,209,509 1.0 8.7 & 1,126 0.9 4.5 6
CHICAGD, ILLINOIS ~NEd YURK,; NEW YORK T22 141774591 1.0 9.7 7 1,598 l.2 5.7 2
LOS ANGELESs CALIFORNIA -WASHINGTON, D. C. 2:304 71964694 0.7 10.4 8 34l 0.3 6.0 36
CrICALD, TLLINUIS —-SAN FRANCISCO,CALIF. 1,855 7544625 n.6 1.0 9 397 9.3 6.3 26
BCSTONs MASSACHUSETTS -LUS ANGELES, CALIF. 2,611 TiGyl42 0.6 11.6 19 271 0.2 6.5 50
HLNULULU, UAHU, HAWALI ~SAN FRANCISCU,CALIF. 2,397 711,593 0.6 12.2 11 290 0.2 6.7 46
SAN FRANCISCO., CALIFURNIA -WASHINGTON, D. C. 24438 625,495 0.5 12.8 12 251 d.2 6.9 57
dCSTON, MASSACHUSETTS -SAN FRANCISCO.CALIF. 2,734 553,281 0.5 13.2 13 200 D.2 7.1 83
HONOLULUy OAHU, HAWAILI ~NEw YORK, NEW YURK 44973 3474454 0.5 13,7 ls 109 0.1 T.1 200
CALLASEFT,. wWOATH, TEXAS -NEsW YORK, NEw YORK 1+379 546,793 a.5 14.2 15 384 2.3 T.% 28
LGS ANGELESs CALIFIRNIA -PHILADELPHIA, PENNA 2,437 5164708 0.4 l4.6 16 212 0.2 T.6 77
LCS ANGELES, CALIFIRNIA -MIAMI, FLORIDA 2,342 502,552 0.4 15.0 17 2071 0.2 1.8 718
DETROITLANN AHBOR, MICHIGAN -LUS ANGELES, CALIF. 1,988 49Ls44et 0.4 15.4 ld 242 B2 7.9 65
HCUSTCNys TEXAS ~NEW YORK, NEW YORK leslo 490,373 0.4 15.8 19 340 2.3 8.2 37
CENVER, CULURADO ~NEW YORK, NEW YOKRK 1628 477,976 0.4 16.2 2) 248 J.2 B.4 47
CHICAGO. ILLINOILS -MIAMI, FLORIUA Ly 187 4654473 0.4 16.6 21 385 0.3 8.7 271
NEw YCRKs NoY./NEWARK, NoJ. ~TAMPA, FLORIDA 1,226 450,981 D.4 17.0 22 46l 0.3 9.1 24
CrRICAGN, [LLINUIS “HUNOLULU,UAHU HAWATT 4,251 435,012 Vet 1T.4 23 101 J.1 9.2 220
ATLANTA. GEOREGIA -~NEW YORK, NEW YOURK 755 434,563 N.4 17.7 24 552 0.4 9.6 15
DALLASLFT. wORTH, TEXAS =LUS ANGELES. CALIF. Le241 41,836 0.3 18.1 25 3zs 0.3 9.8 42
LAS VEGAS. NEVADA -NEW YORK, NEw YDRK 2.238 409,043 0.3 18.4% 26 178 Jd.l 10.0 96
CHICAGOs ILLINUIS -LAS VEGAS, NEVADA 1,521 380,198 n.3 18.8 27 249 0.2 10.2 58
PHILACELPHIA, PA./CAMDEN, N.J.-SAN FRANCISCG,CALIF., 2,526 3764691 0.3 19.1 28 146 d.1 10.3 138
LCS ANGELES, CALIFCRNIA -SEATTLE, WASHINGTON 956 368,065 0.3 19.4 29 382 0.3 10.6 29
HCNOLULU. UAHU, HAmaAll -SEATTLE, WASHINGTON 246740 367,548 N.3 19.7 3n 134 0.1 10.7 151
LCS ANGELES, CALIFURNIA =MINNEAPILIS, MINN,. L4536 363,937 0.3 20.0 3l 233 0.2 10.9 68
CrICAGU, [ILLINOLIS -PHUENILX, AR[ZONA Lit43 354,750 0.3 20.3 iz 262 0.2 .l b4
NEW YORK, N.Y./NEWARK, N.J. —ORLANOO, FLORIDA 941 348,929 7.3 20.6 33 359 0.3 11.3 13
NEw YRR, N.Y./NEWAHK, N.J. -wc ST PALM BEACH,FLA. L+329 347,844 0.3 20.9 34 331 0.3 ll.6 41
NEw YORK, N.Y./NEWARK, N.J. =PAOENT Xy, AR[ZONA 2416% 344436 0.3 21l.2 35 158 0.1 1l.7 117
HCUSTON, TEXAS =LOS ANJELES, CALIF. l+384 Jalyd72 0.3 21.5 386 244 D.2 11.9 63
NEW YJRK, N.Y./NEWARK, N.J. =WASHINGTUN, D. C. 212 335,913 0.3 21.7 37 1,569 1.2 13.1 3
KNEA YUPK, N.Y./NEWAPK, No.J. —-SAN DIEGO.CALIFORNIA 2,436 330,481 0.3 22.0 33 133 0.1 13.2 153
DETROITLANN ARBCA, MICHIGAN  -NEW YNRK, NEw YORK 491 330,278 9.3 22.3 39 655 0.5 13.7 10
BCSTON, MASSACHUSETTS =CHICALG, [LLINOIS 869 322,875 Q.3 22.6 40 369 Nald 14.0 31
BCSTUN, MASSACHUSETTS -NEW YURK, NEW YORK 191 319,002 2.3 22.8 4l 1+685 1.3 15.3 1
CENVEF, CULURADD -L0S ANGELES, CALIF. 3449 315,086 0.3 23.1 42 364 0.3 15.6 32
LCS ANGELES. CALIFORNIA -SAN FRANCISCO,CALIF. 347 Jle . 6648 J.3 23.4 43 919 0.7 16.3 7
CLEVELAND,s OHIO =LUS ANGELES, CALIF. 2,257 310,614 0.3 23.6 44 149 0.1 l6.4 133
CHICASU, ILLINUILS =DENVER, COLURADOD 998 306,143 2.3 23.9 45 334 0.3 167 40
CRICAGD, ILLINULS -FORT LAUDERDALE,FLA. 1,172 333,514 0.3 24,2 46 256 0.2 16.9 55
MlaMml, FLURIDA —SAN FRANCISCO,CALIF. 2,590 300,300 0.3 24.% 47 1L 0.1 17.C 196
NEm YORK, N.Y./NEWARK, NoJo -SEATTLE. WASHINGTON 2,412 294,473 Je3 24.7 48 120 2.1 17.1 179
NEW CAQLFANS, LCUISIANA -NEW YUORK, NEW YORK o177 298,464 3.3 24.9 43 247 2.2 17.3 &0
BOSTUN, MASSACHUSETTS -MlAM], FLORIDA L.258 295,617 0.2 25.2 50 233 0.2 17.5 70
LOS ANGELES CALIFURNIA -S5T. LOUIS, MISSOURL 1,592 2944232 0.2 25.% Sl 182 0.1 17.6 93
CHICAGU, ILLINOTS -AASHINGTON, D. C. 595 292,221 7.2 25.17 52 472 Y 18.0 22
DETROITLANN ARBOR, MICHIGAN  -35AN FRANCISCO,CALIF, 2,087 288,100 0.2 25.9 53 135 0.1 18.1 148
NEa YURKy NoY./NEWARK, N.J. =5T. LOULS, MISSOURI 4d 3 278,943 .2 26.1 54 310 J.2 18.3 L1
ChICAGO, ILLINOIS ~TAMPA, FLORIDA 1,008 265, 346 0.2 26.4 55 261 J.2 18.5 54
CHICALD, ILLINODIS -54N DIEGU,CALTFORNIA 1,729 200,712 0.2 26.6 56 147 0.l 18.6 1l3s
MINNEAPULIS/ST. PAUL,MINNESOTA-NEW YORK,; NEwW YORK 1,018 2604303 9.2 26.8 57 252 Q.2 18.8 56
MAHULUL, MAUI. HAWALL -L0S ANGELES, CALIF. 2,406 2554312 0.2 27.0 58 95 2.1 18.9 230
LCS ANGELES, CALIFUkRNIA ~PITTSOURGH, PENNA, 2elaa £524641 0.2 27.2 59 17 0.1 19.0 186
ATLANTA, GEDRGIA -LUS ANGELES, CALIF, 1,946 251,921 0.2 27.4 6N 124 d.1 19.1 171
MINNEAPOLIS/ST. PAUL+MINNESOTA-SAN FRANCISCO,CALIF. 1,544 2504533 0.2 27.6 b6l 155 2.1 19.2 124
MIAMI, FLUKIDA ~PHILADELPHIA, PENNA 1,021 2984613 0.2 27.9 62 241 9.2 19.4 66
DALLASEFT. AURTH, TEXAS ~SAN FRANCISCO,CALIF. L.475 2454206 0.2 28.1 63 l64 0.1 19.5 110
CHICAGO, ILULINOILS ~DALLASEFT,.WORTH, TEX 820 2614721 0.2 28.3 64 293 2.2 19.7 45
SAN FRANCISCO. CALIFORNLA ~SEATTLE, WASHINGTON 672 233,967 0.2 28.5 65 342 0.3 20.0 35
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Table C.3. (Cont'd)

PASSENGERS=-MILES P 4SS SENGERS

PERCINT pPERCENT

CITY PRI< IN dTH DI9ECT LINS INTER-CITY cuMy- CuMy=-

(1N teiEn 3F PASSENGIR=MILE PA4K]) NISTANCE NUMBER LA- MUMRFR La-
----- ——————- tMILES)  [102D) SIMPLE TIVE pank (1000)

CHICAG, TLLINZIS -PAILAJELPH]I A, PENn. 673 2334165 Uael ob 339 T3 27.3 38
EALHURAGE, ALASKA -SEATTLE, wWASHINGTON Li44b 231,751 Ja2 LX) 159 d.1 20.4 115
SCSTiey MASSLIHUSETIS —aB 5AINGTUN, Do C. 423 224,083 n.2 68 559 Q.4 20.8 14
ACSTLUN, MASSACHUSNLTTS -F)RT LAUDERCALESFLA. Ly 237 2224493 J.2 649 L79 Jel 21.% 95
ACUST "t TFXAS —SAN FRANCISCM,CALIF. 1,647 21546173 2.2 79 130 S| Zl.l &l
CLeVELARD, unll —Nc 1 YURK, NEw YORK “ll £l30921 0.l 71 209 Je4 21.5 18
LInUi s NaJal, HBadll -LS AN3eLeS, CALIF. 24628 2124994 N.2 72 79 .1 21.5 286
Alawly TLO=LA —AaSHINGTUN, U Co 423 212,538 0.2 13 22> G.2 21.7 73
ChICatis, HLLINTS -iLusTuhk, TEXAS 92 FOLEE S & 0.2 Ta 217 fs PP 21.9 T4
Lhlveuns ILLINGLS ~3LATTLIe WASHINGTLN LeT22 2aTe23+ la2 75 117 Jed 22.70 185
LAs wFfawdy a0 dald — A NNEARJL TS, MINNG 14320 2334 1ok 2.2 76 155 Jak 22.1 120
RANSADS LITY. #1S5500-1 L% mwsclEs. CALIF. 1yab> 21343917 J.2 17 le? Qal 22.2 136
CEave sy Llilurdll —xASHINSTON, Ja Co 148y 2udaT99 J.4 Ta L3¢ lal 22.3 154
CENVTE, ol Aoi =54y FrdNC1300.CALIF. 257 La5 459 Ja2 T4 2= Dad 22.4 80
L8 LALIt Rt — A JRLEANS, LA, lroTl LyTeanl Ja2 3l.1 B Lle Q.1 22.5 188
SALT e D UARYLA =324 FAANUISCH,CALIF.  ¢4458 197,221 Sed 31.3 ol 19 3.1 22.6 290
SETCOCTRLARK A20s, MICHLSAL ~MLAMl,. FLURILDA 1150 lyseull J.2 31.5 32 169 2.1 22.7 108
Niw Yomkae GaYofA maFRy MHeds ¢ 1TTSpUMGH, FENNA, 323 1924323 0.2 .6 33 571 Tan 23.2 12
5T, Li'Jlay ISstun] ~san FRAJCISCO.CALIF. Lolsl 192+ 145 J.2 31.8 d 17 dal 23.3 204
CALLASAET. »idTH, TLXAS =wh s dlivaTuny Ce Co lelol 15Jy201 0.2 32.9 us 157 Jal 23.4 118
TienThy 5ovRula —3a7y FRANCISCO,CALIF. 24162 1694009 0.2 32.1 vh L5 el 23.4 265
ChlusGee UL vl “MINJEAFILLS. MINN. 345 1nT432) 0.2 32.3 sl Sa4 N.s 23.9 16
CElncllewmtt 2070y “10HIGEN ~Ta4ba, FLCRICA o b lu347317 D2 32.4 EE] 1a8 Jal 24.0 :1:]
Haml. (1 £5Fm 0 L fal STRLULZCUN =L IS ANGLLES, CALLF. 2+ 524 139,361 2.2 32.6 89 13 2.1 2641 327
CHICAGas ILoeTaals - JRLANDU, FLURIDA 991 1824929 Je2 2.7 9) 179 1.1 24.2 94
SAL Pletnls CALIFIMLTA L3l aGTUNg U Co 2,209 Lols949 J.2 32.9 9l £ Y.l 24.3 284
XAGSAS ChTY, vissuvl] =NEW YiIRKy NEw YUxK Leadl 1814598 2.2 33,0 Ye lel J.l 24.4 113
SELTTLEy wadnl BT —wASHIN3TUN, U Co 24321 1794803 Q.d 33.2 93 15 J.l 24.5 309
HEUCLULG Y adHay Facall “mASHINGTUN, T Ca 4yd3> 1774399 0.l 33.3 Y 36 . 24.5 669
FOe T LauaEauall, FLOWINA -PrlLAUELPHLIA, PLNNA 996 173,671 0.1 33.5 25 173 3.1 24,6 110
LS anLlLES, CALIFUFNIA ~PURTLA4ND, IKIGCN b4 1674527 0.1 33.6 96 199 1.2 264.8 B4
STNTON, MALGSACHUNETTS SHLYIL UL DU HAwAT T 5,795 1674155 J.l 33.4 w7 32 * 24.8 738
CLLVELAND,y ML -5a% FxANLISCC.CALIF. 24160 165,697 0.1 33.9 93 Ta D.1 24,9 317
Al WLl LAy Raaall =SAH VLS CALTFURNIA 24614 1654295 .1 6.l 49 62 * 24.9 374
PITYSPUrH, FENNGYLVANTA ~SA 1 FrANCLISLO,CALIF. 242063 1624112 J.1 36.2 10) 71 Jal 25.0 334
LLITY Pal« IN SRDed UF GPASGR=MILES ). XXX 4)y590 0942
ALL LITY PAILRS AXXLL3yTD0d3%
* 0 Lbsy Twar . % PenlEnl.
NOTES .
LS STIL G <ATIENS Axt THOSL A0ThRIN THE 5 Ua5. STATES, WITH PURELY INTRA-ALASKA TRAFFILT EXCLUNED.
(Prdor 1 Lwae MTMESTIC FHCLUDED TakY THE «d CusTInUIUS U.3. STATES.)

ANE et WM OUNTS ASE THT SUM Jr SASSENGER JOUSNEYS MOVING [N COTH DIRECTIONS RETWEEN Ti4E CITY PAIRS, ON A& DIRECTIONAL
Cals ] amorSTINZTIUN 08S1S. #roa4dLE5S I° THE NU44ER OF TRANSFEW POINTS DF AIKLINES USFN, #1TH HOUND ThIPS AND UTHER

i Tltena 2155 L avlLVENG MOVEMCAT Tu T4U DIRECTIONS TREATLD A5 TWl' UNc—-WAY JOUKNEYS.

CLarsTlo PrER e S uf FEMESTIL=INTF4ATIGNAL/TERRITORIAL [TINEKAZIES ARE INCLUDED IN 115 TRLLE.

Pansetagra=r llea AMF THE SUY4ATINN DF THE NUMBEn OF PLSSENLCWS MULTIPLIFD oY THE GREAT=CIACLF alRrPOWT-TU-AIRPORT MILEAGE
Fim Fhort ALk ZABRlox FLIGHT=LOUP(Y STAGE TN THz INJTVIOUAL ITINERARLIES MOVING SETHEFN THE C1TY PAIRS.

SUURCT.
Cerdves FRu™ CivlL AFRCRAJTIC S duUA<d, SOMESTIC ORIGIN=-CESTINATION SU=VLY OF AIRLIME PASS

GF? THAFFIC. VOLUME VIII-L=1,

FOURTH QUARTER 1575, TaBLES 1, T, AND 8, RESPECTIVELY (PUBLISHED BY THE AIR TR&4NSPORT ASSOCIATION OF AMERICA),

Source: Civil Aeronautics Board, Handbook of Airline Statistics,
Supplement, Washington, D.C., December 1977.



Appendix D: CONVERSION FACTORS

Table D.1

Energy Use and Production-Related Conversions

Heat Values of Fuels

Coal
Anthracite 25.4 x 10% Btu/short ton = 29.7 MJ/kg
Bituminous 26.2 x 10® Btu/short ton = 30.6 MJ/kg
Lignite 12.4 x 10% Btu/short ton = 14.5 MJ/kg
Bituminous and lignite
Production av 23.5 x 10% Btu/short ton = 27.5 MJ/kg
Consumption av 22.8 x 106 Btu/short ton = 26.7 MJ/kg
Natural gas
Wet 1,095 Btu/ft3 = 40.79 MJ/kg
Dry 1,021 Btu/ft3 = 38.04 MJ/kg
Liquid 95,800 Btu/gal = 3569 MJ/kg
Crude petroleum 138,100 Btu/gal = 5145 MJ/kg
Fuel oils
Residual ' 149,700 Btu/gal = 41.73 MJ/liter
Distillate 138,700 Btu/gal = 38.66 MJ/liter
Automotive gasoline 125,000 Btu/gal = 34.84 MJ/liter
AVGAS 124,000 Btu/gal = 34.56 MJ/liter
Jet fuel (naphtha) 127,500 Btu/gal = 35.54 MJ/liter
Jet fuel (kerosene) 135,000 Btu/gal = 37.63 MJ/liter
Lubricants 144,400 Btu/gal = 40.25 MJ/liter
Waxes 131,800 Btu/gal = 36.74 MJ/liter
Asphalt and road oil 158,000 Btu/gal = 44.04 MJ/liter
Petroleum coke 143,400 Btu/gal = 39.97 MJ/liter
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Table D.2

Alternative Fuel Equivalents
1 million bbl/day crude oil 0.3650 billion bbl/year crude oil
5.800 trillion Btu/day
2.117 quadrillion Btu/year
246.1 thousand short tons coal/day
90.09 million short tons coal/year
5.681 billion ft3 natural gas/day
= 2.074 trillion ft? natural gas/year

o

1 billion bbl/year crude oil = 2.740 million bbl/day crude oil

= 15.89 trillion Btu/day

= 5.800 quadrillion Btu/year

= 676.2 thousand short tons coal/day

= 246.8 million short ton coal/year
15.56 billion ft3/day natural gas/day
5.68 trillion ft3/year natural gas/day

Il trillion Btu/day = 172.4 thousand bbl/day crude oil
= 62.93 million bbl/yecar crude oil
= 0.3650 quadrillion Btu/year
= 42.55 thousand short tons coal/day
= 15.53 million short tons coal/year
= 979.4 thousand ft3? natural gas/day
= 357.5 billion ft3 natural gas/year

0.4724 million bbl/day crude oil

= 172.4 million bbl/year crude oil

= 2.740 trillion Btu/day

= 116.6 thousand short tons coal/day
= 42.55 million short tons coal/year
= 2.683 billion ft3 natural gas/day
= 979.4 billion ft? natural gas/year

1 quadrillion Btu/year

n

4,052 million bbl/day crude oil
1.479 billion bbl/year crude oil
23.50 trillion Btu/day

8.578 quadrillion Btu/year

= 365.0 million short tons coal/year
= 23.02 billion ft? natural gas/day
= §.401 trillion ft3 natural gas/year

1 million short tons coal/day

I

1 trillion short tons coal/year = 11.10 million bbl/day crude oil
= 4.052 billion bbl/year crude oil
= 64.38 trillion Btu/day
= 23.50 quadrillion Btu/year
= 2.734 million short tons coal/day
= 63.06 billion ft3 natural gas/day
= 23.02 trillion ft3 natural gas/year

1 billion ft3 natural gas/day = 0.1760 million bbl/day crude oil
= 64.25 million bbl/year crude oil
= 1.021 trillion Btu/day
= 0.3727 quadrillion Btu/year
= 43.45 thousand short tons coal/day
= 15.86 million short tons coal/year
365.0 billion ft3 natural gas/year

|
[

1 trillion ft3 natural gas/year

0.4825 million bbl/day crude oil

= 0.1760 billion bbl/year crude oil

= 2.797 trillion Btu/day

= 1.021 quadrillion Btu/year

= 119.0 thousand short tons coal/day
= 43.45 million short tons coal/year
= 2.740 billion ft3 natural cas/day
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Table D.3
Energy Unit Conversions

1 Btu = 778.2 ft-1b 1 kWhr = 3412 Btu
= 107.6 kg-m = 2.655 x 105 ft-1b
= 1055 J = 3,671 x 10° kg-m
= 39.30 x 107° hp-hr = 3.60 x 10 J
= 39.85 x 107° metric hp-hr = 1.341 hp-hr
= 29.31 x 107° KkWhr = 1,360 metric hp-hr
1 kg-m = 92.95 x 107% Btu 1J=94.78 x 10> Btu
= 7.233 ft-1b = 0.7376 ft-1b
= 9.806 J = 0.1020 kg-m
= 36.53 x 1077 hp-hr = 37.25 x 1078 hp-hr
= 37.04 x 10~7 metric hp-hr = 37.77 x 1078 metric hp-hr
- 27.24 % 1077 kWhr = 27.78 x 1078 kWhr
1 hp-hr = 2544 Btu 1 metric hp-hr = 2510 Btu
= 1.98 x 10° ft-1b = 1.953 x 10% ft-1b
= 2.738 x 10° kgm = 27.00 x 10% kg-m
= 2.685 x 108 J = 2,648 x 108 J
= 1.014 metric hp-hr = 0.9863 hp-hr
= 0,7475 kWhr = (0.7355 kWhr
Table D.4
Distance and Velocity Conversions
1 in. = 83.33 x 1073 ft 1 ft = 12.0 in.
= 27.78 x 1073 yd = 0.333 yd
= 15.78 x 1076 mile = 189.4 x 1073 mile
= 25.40 x 1073 m = 0.3048 m
= 0.2540 x 107 km = 0.3048 x 1072 knm
1 mile = 63360 in. 1 km = 39370 in.
= 5280 ft = 3281 ft
= 1760 yd = 1093.6 yd
= 1609 m = 0.6214 mile
= 1.609 km = 1000 m
1 ft/sec = 0.3048 m/sec = 0.6818 mph = 1.0972 km/hr
1 m/sec = 3.281 ft/sec = 2.237 mph = 3.600 km/hr
1 km/hr = 0.9114 ft/sec = 0.2778 m/sec = 0.6214 mph
1 mph = 1.467 ft/sec = 0.4469 m/sec = 1.609 km/hr
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Table D.5

Force Conversions

To Horsepower Kilowatts Metric Ft-1b Kilocalories Btu
horsepower per sec per sec per sec
From
Horsepower 1 0.7457 1.014 550 0.1781 0.7068
Kilowatts 1.341 1 1.360 102.0 737.6 0.9478
Metric
horsepower 0.9863 0.7355 1 542.5 0.1757 0.6971
Ft-1b per sec 1.82 x 1073 1,356 x 1073 1.84 x 1073 1 0.3238 x 1073 1.285 x 1073
Kilocalories
per sec 5.615 4.187 5.692 3088 1 3.968
Btu per sec 1.415 1.055 1.434 7782 0.2520 1
Table D.6

Energy Intensity and Efficiency Conversions

1000 Btu/mile

10 mpga

1000 kJ/km

621.5 Btu/km

66.86 x 103 kg-m/km
655.6 kJ/km

0.2931 kWhr/mile
0.1822 kWhr/km
125.0 mpga

1.882 liter/100 km

12,500 Btu/mile
7767 Btu/km

835.8 x 103 kg-m/km
8195 kJ/km

3.664 kWhr/mile
2.277 kWhr/km

23.52 liter/100 km®

1525 Btu/mile
947.8 Btu/km
102.0 x 103 kg-m/km

10

1000 Btu/km

liter/100 km®

1 kWhr/mile

1]

1609 Btu/mile

107.6 x 10% kg-m/km
1055 kJ/km

0.4716 kWhr/mile
0.2931 kWhr/km
77.67 mpg?

3.028 liter/100 km

5315 Btu/mile

3302 Btu/km

355.4 x 103 kg-m/km
3484 kJ/km

1.558 kWhr/mile
0.9683 kWhr/km

= 23.52 mpg?

3412 Btu/mile
2120 Btu/km
228.1 x 103 kg-m/km

= 0.4469 kWhr/mile 2237 kJ/km
= 0.2778 kWhr/km = 0.6214 kWhr/km
81.97 mpg? = 36.64 mpg”®

2.869 liter/100 km%

6.419 liter/100 km*

aAssuuming automotive gasoline at 125,000 Btu/gal.




D-5

Table D.7

Volumetric and Flow Rate Conversions

The conversions for flow rates are identical to those for volumetric measures,
provided the time units are identical.

1 U.S. gal = 231 in.?3 1 liter = 61.02 in.?3
= 0.1337 ft?3 = 3,531 x 1072 ft3
= 3.785 liters = 0.2624 U.S. gal
= 0.8321 Imperial gal = (0.2200 Imperial gal
= 0.1781 bbl 4 = 6.29 x 1073 bbl
= 7.500 1b foreign crude = 1,982 1b foreign crude i
= 7.034 1b domestic crude = 1.858 1b domestic crude
1 Imperial gal = 277.4 in.?3 1 bbl = 9702 in.3
= 0.1606 ft?3 = 5.615 ft3
= 4.545 liters 158.97 liters
.201 U.S. gal 42 U.S. gal

nn

34.97 Imperial gal
315.0 1b foreign crude
295.4 1b domestic crude

1]

.007 1b foreign crude®

0
4
1
0.2139 bbl
9
8.4472 1b domestic crude

{1 I I { B 1

1 U.S. gal/hr = 3.209 ft3/day

90.84 liter/day

19.97 Imperial gal/day
4.274 bbl/day g 1560 bbl/year 5
216.2 1b foreign crude/day 78901 1b foreign crude/day

For Imperial gallons, multiply above values by 1.201

1171 ft3/year
33157 liter/year
7289 Imperial gal/year

1 liter/hr = 0.8474 ft3/day = 309.3 ft¥/year
= 6.298 U.S. gal/day = 2299 U.S. gal/year
= 5.28 Imperial gal/day = 1927 Imperial gal/year
= 0.1510 bbl/day i - 55.10 bbl/year o
= 47.57 1b foreign crude/day q = 17362 1b foreign crude/year
= 44.59 1b domestic crude/day = 16276 1lb domestic crude/year
1 bbl/hr = 137.8 ft3/day 49187 ft3/year

1008 U.S. gal/day
839.3 Imperial gal/day
= 3815 liter/day

3.679 x 10° U.S. gal/year
3.063 x 10° Imperial gal/year
1.393 x 10% liter/day

; a
foreign crude

2.759 x 10® 1b/year
1380 short tons/year
1232 long tons/year

7560 1b/day
3.780 short tons/day
3.375 long tons/day

. a
domestic crude

2.588 x 10° 1b/year
1294 short tons/year
1155 long tons/year

7090 1b/day
3.545 short tons/day
3.165 long tons/day

’ aAssuming representative specific gravities of 25.6 for foreign crude oil and
36.0 for domestic crude oil.



Table D.8

Nomenclature and Powers of Ten

Value Prefix Symbol

One million million millionth 10-18 atto a
One thousand million millionth  10°1° femto f
One million millionth 1012 pico P
One thousand millionth 1072 nano n
One millionth 1076 micro M
One thousandth 1073 milli m
One hundredth 1072 centi

One tenth 10-1 deci d
UNITY 100

Ten 10! deca da
One hundred 102 hecto h
One thousand 103 kilo k
One million 10° mega M
One billion® 109 giga B
One trillion? 1012 tera T
One quadrillion® 1015 peta p
One quintillion® 1018 exa E

%Ccare should be exercised in the use of this nomenclature,
especially in foreign correspondence, as it is either
unknown or carries a different value in other countries.
A "billion", for example signifies a value of 1012 in
most other countries.
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