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PREFACE 
Final Report, Volume I I 

Final Report, Volume II, documents the final findings of a study 

conducted for the Governor's Energy Advisory Council. It complements Final 

Report, Volume I, which primarily analyzed the short range effectiveness of 

alternative voluntary and mandatory transportation fuel conservation mea­

sures. Volume II, investigates potential transportation fuel savings 

associated with both increased fuel efficiency and variations in urban form. 

In those instances where similar material is presented, Volume II supersedes 

Volume I. 

This volume is divided into three independent chapters. Chapter I 

documents the magnitude of transportation fuel constnnption in Texas. 

Projections of fuel use for intercity travel are presented and the pos­

sible effects of modal shifts are estimated. Chapter II evaluates the 

relationship between urban development and transportation fuel con­

sumption. The third chapter investigates the effects of auto fuel 

efficiency on total transportation fuel consumption. 

Dennis L. Christiansen 
Jolm C. Sutherland 
Jack T. Lamkin 
Ron W. Holder 
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Executive Summary 

FLJEL CONSERVATION MEASURES: Tiffi TRANSPORTATION SECTOR 

The transportation sector accounts for 25 percent of the energy consumed in 
the United States and 18 percent of the energy consumed in Texas. Energy 
consumption in Texas represents 8. 9 percent of national consumption. Of the 
energy used by transportation in the united States, 6.2 percent is consumed 
in Texas. 

Over 7.3 billion gallons of fuel were consumed by the Texas transportation 
sector in 1970 (Table S-1). Person movement consumed 82.3 percent of this 
total. The private auto alone, operated in both urban and intercity travel, 
consumed 75.3 percent of total statewide transportation fuel. 
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Table S-1: Estimated 1970 Transportation Fuel Consumption 
By :tvbde, Texas 

Type of Transport Passenger Miles or Fuel Effi- Fuel Consumed 
Ton Miles ciency (Pas-

senger Mi. 
Miles Percent of or Ton Mi./ Gallons Percent of 

(Millions) Total* Gallon) (millions) Total** 

Person Movement, Total 131,633 100.0 22 6,023 82.3 
-- -

Urban, Total I 69,387 52.7 18 3,850 52.6 

Automobile 68,850 I 52.3 18 3,825 
Bus 420 0.3 35 12 
Taxi ll7 0.1 9 13 

Intercity 62,246 47.3 29 2,173 29.7 

Aut=bile 54,000 i 41.0 32 1,688 
Air 6,600 5.0 14 471 
Bus 1,300 1.0 125 10 
Rail 346 0.3 80 4 

Goods Movement, Total 1180,353 100.0 

I 
139 1,293 17.7 -- --

Urban (Truck), Total! 1,161 I 
0.6 4 287 3.9 

Intercity, Total 179,192 99.4 178 1,006 13.8 

Truck I 27,200 15.2 
521 

520 
Rail i 47,180 26.2 200 236 
Oil Pipelines 98,387 54.5 1 500 197 
Intracoastal Water 6,210 3.4 220 I 28 
Air 215 0.1 10 i 25 

TOTAL --- I --- --- 7,316 100.0 

* Two separate percentages are presented. The first represents percent of pa~senger 
miles served by the different modes; the second represents percent of ton m1les 
served by the different modes. 

** One percentage is presented. The percent of total transportation fuel consumed by 
the different modes is identified. 

iii 

52.2 
0.2 
0.2 

23.1 
6.4 
0.1 
0.1 

7.1 
3.2 
2.7 
0.4 
0.4 

I 



Because of the large volume of uJ.ergy consumed by the ~•· cansportation sector, 
it is appropriate to evaluate ':he feasibility of improving transportation 
fuel efficiency to reduce fuel •,k;.ruld. Fuel efficiency is connnonly expressed 
as passenger-miles per gallon Lor person movement and ton-miles per gallon 
for goods movement. 

Improving the fuel efficiency of transportation requires reversing the exist­
ing trend toward less fuel efficient transportation. Over the past decade, 
use of heavier autos with more power options, lower auto occupancies (persons 
per auto), declining transit availability, and increased use of the air mode 
have contributed to a lower overall fuel efficiency. 

Several approaches can be pursued to reduce transportation fuel consumption. 
A brief description of the more pertinent approaches is presented below. 

Urban Person Movement 

1. Improved Vehicle Efficiency - Increase the average miles per gallon 
associated with auto travel. 

2. Mass Transit Improvements - Increase mass transit availability. 

3. Other Conservation Measures - Provide incentives for car pooling, 
walking, and bicycling. Improve traffic flow. 

Intercity Person Movement 

1. Improved Vehicle Efficiency - Increase the average miles per gallon 
associated with auto travel. 

2. Increased Airline Load Factors - Provide incentives to increase the 
percent of occupied seats per flight. 

3. Modal Shifts - Encourage shifts in travel to the more efficient 
travel modes. 

Urban Goods Movement 

1. Incentives To Increase Load Factors - Provide incentives to increase 
the average size of load per delivery vehicle. 

Intercity Goods Movement 

1. Improved Diesel Efficiency - Increase the average miles per gallon 
associated with motor truck transportation. 

2. Alterations in Regulation - Alter regulation to reduce empty back­
hauls and increase weight limits. 

3. r.bdal Shifts - Encourage the use of the more energy efficient modes 
for goods movement. 

Table S-2 presents an estimate of reductions in transportation fuel consump­
tion that could result from implementation of these actions. 

iv 



Table S-2: Sl..UIID1ary; Effe.ctiveness of Policies Designed to Reduce 
Transportation Fuel Consumption 

lType of Travel and Policy 
! 
! 

Person MJvement I 
Urban I 

Improved Vehicle Efficiency II 

Mass Transit Improvements 
Other Conservation ~~asures 

Combined Impact* 'I 

Intercitv 

Improved Vehicle Efficiency 
Increased Airline Load Factors 

1 

Modal Shifts 
Combined Impact* 

Gocxls ~bvement 

Urhan 

Incentives to Increase Load 
Factors 

~tercity 

Improved Diesel Efficiency 
Alterations in Re~Jlation 
~dal Shift 
Combined Impact* 

I 

Maximum Percent 
Reduction In Total 
Transportation Fuel 

Consumption 

17.4 
1.7 
4.0 
~t 

'7.7 
l.l 
0.6 
9 

29.2 

0.8 

l.O 
2.0 
o.z 
-:;--

3.8 

Dates Associated With 
Policies 

Implementation ! Maxinrum !1 ! Effectiveness 1 

! Attained 

1975 1992 
1975 1985 
1975 1980 
1975 1992 

1975 1992 
1975 1980 
1975 1980 
1975 1992 

1975 1992 

1975 1980 
I 

I 
1975 

I 
1980 I 

I 
1975 I 1980 
1975 1980 
197 5 1980 

1975 1980 

Gcverrunental Unit 
Primarily 

Responsible For 
Policy Promotion 

Federal 
Federal, State, Local 

Local 

Federal 
Federal, State 

Federal 

Local 

Federal 
Federal, State 
Federal, St:ttc 

i Total Potential Sav i!~ 
~ ====~-=~----+-------------·-4------------~----------4---------------~ I All Transl:"'._r~_ 33.0 

I I 

I 1975 
I 

1992 

* All conservation meCl.Sures are not compatible. Thus, the potential savings associated with the individual 
measures are not additive in detennining total savings. 

Actions directed toward improving the fuel efficiency of person movement could 
reduce transportation fuel consumption by as much as 29.2 percent. Improved 
fuel efficiency for goods movement could curtail fuel consumption by an addi­
tional 3.8 percent. 

While these savings appear impressive, it should be noted that over 75 percent 
of the estimated reduction in fuel consumption results from improved auto 
fuel efficiency. This is based on the assumption that auto fuel efficiency 
can be increased SO percent by the 1980 model year. Because of the impressive 
fuel savings that can be realized from improved auto efficiency, it is an 
action that warrants considerable study in policy development. 

A certain lead time will exist between the time at which a policy is initiated 
and the time at which the maximum benefits of that policy are realized (Table 
S-2). The policy with the greatest potential fuel savings (i.e., improved 
auto fuel efficiency) also has the greatest lead time. If all the possible 
actions listed in Table S-2 were initiated in 1975, maximum possible savings 
could be realized by 1992. 
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I. Fuel Savings Associated With Modal Shifts 

Twenty-five percent of all energy consumed in the United States 

* is used in transportation(~. In Texas, slightly less than half of 

transportation energy is utilized in the intercity movement of persons 

and goods. Certain modes of intercity transportation are more energy 

efficient than others; if travel could be shifted to more energy effi-

cient modes, overall transportation fuel efficiency would be increased. 

This chapter is divided into three sections. The first section 

determines the magnitude of total transportation fuel consumption in 

Texas. That portion of total transportation fuel used for intercity 

travel is identified. The second section addresses intercity person 

movement while the third section considers intercity goods movement. 

The fuel efficiency of the intercity travel modes is identified. An 

estimate is provided of existing and future passenger-miles and ton-

miles of intercity travel in Texas. From these data, estimates of 

fuel consumption are formulated. Indications of the magnitude of fuel 

savings that might result from modal shifts are also presented. 

* Denotes reference number listed at end of chapter. 
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IA. Magnitude of Transportation Fuel Consumption In Texas 

In 1970, over 7.3 billion gallons of transportation fuel were con­

sumed in Texas (Table I-1). This fuel provided in excess of 130 billion 

passenger-miles of travel and in excess of 180 billion ton-miles of goods 

movement. The percentage values presented in Table I-1, although based on 

1970 data, should be representative of current travel. 

Table I-1: Estimated 1970 Transportation Fuel Consumption by Mode, Texas 

r 
Type of Transport Passenger Miles or Fuel Effi- Fuel Consumed 

Ton Miles ciency (Pas-
senger Mi. 

Miles Percent of or Ton Mi./ Gallons I Percent of 

I 
I 
I 

I 

I 

(Millions) Total* Gallon) (millions) Total** 

Person Movement, Total 131,633 100.0 22 6,023 82.3 
---

Urban, Total 69,387 52.7 18 3,850 52.6 

Automobile 68,850 52.3 18 3,825 
Bus 420 0.3 35 12 
Taxi ll7 0.1 9 13 

Intercity 62,246 47.3 29 2,173 29.7 

Automobile 54,000 41.0 32 1,688 
Air 6,600 5.0 14 471 
Bus 1,300 1.0 125 10 
Rail 346 0.3 80 4 

Goods Movement, Total 180,353 100.0 139 1,293 17.7 -- - --
Urban (Truck) , Total 1,161 0.6 4 287 3.9 

Intercity, Total 179,192 99.4 178 1,006 13.8 

Truck 27,200 15.2 52 520 
Rail 47,180 26.2 200 236 
Oil Pipelines 98,387 54.5 500 197 
Intracoastal Water 6,210 3.4 220 28 
Air 215 0.1 10 25 

TOTAL --- --- --- 7,316 100.0 

* 

** 

Two separate perce~tages are presented. The first represents percent of passenger 
miles served by the different modes; the second represents percent of ton miles 
served by the different modes. 
One percentage is presented. The percent of total transportation fuel consumed by 
the different modes is identified. 
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Over 80 percent of transportation fuel is consumed in the movement 

of persons. Less than 20 percent is used in goods movement. 

Also, the majority of fuel is used to provide urban transportation. 

The urban movement of both persons and goods consumes 56.5 percent of 

total transportation fuel. Thus, intercity travel, which is evaluated 

in this chapter, consumes only 43.5 percent of total transportation fuel; 

intercity person movement utilizes 29.7 percent of transportation fuel 

and intercity goods movement consumes 13.8 percent of Texas transportation 

fuel. Highway transportation modes consumed 86.8 percent and non.-highway 

modes consumed 13.2 percent of Texas transportation fuel in 1970 (Table I-2). 

Table I- 2: Estimated 1970 Highway and Non-Highway 
Use of Transportation Fuel, Texas 

Mode of Travel Percent of Total 
Transportation Fuel Consumed 

Highway Use 86.8 

Passenger Cars 75.3 
Trucks (Non-personal use) 11.0 
Buses 0.3 
Taxis 0.2 

Non-Highway Use 13.2 

Railroad 3.3 
Air 6.8 
Oil Pipelines 2.7 
Intracoastal Water 0.4 

Total 100 100.0 
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On a national basis, transportation consumes 25 percent of total 

energy (1) which, in 1970, was equivalent to 16.4 x 1015 Btu. Based on the 

total fUel use shown in Table I-1, transporation in Texas consumes approxi­

mately 1.03 x 1015 Btu, or approximately 6.2 percent of U.S. transportation 

fuel. In that Texas' population is 5.5 percent of U.S. population and that 

vehicle miles per person in Texas exceeds the U.S. average by 9 percent, 

this value appears reasonable. 

Analysis of data developed by others (2) indicates that total 1970 

energy consumption in Texas was 5. 76 x 1015 Btu. Assuming this value to 

be accurate, transportation fuel consumption in Texas represents only 17.8 

percent of statewide energy usage. This value suggests that although 

Texas contains only 5.5 percent of U.S. population, it consumes 8.9 per-

cent of U.S. energy. This implies that per capita energy consumption in 

Texas exceeds the national average by 60 percent. 

In summary, over 7.3 billion gallons of fuel were consumed in state-

wide transportation in 1970. Approximately 44 percent of this fuel was 

used in the intercity movement of persons and goods. Since transportation 

accounts for 18 percent of total Texas energy consumption, the fuel used 

in the intercity movement of persons and goods represents 8 percent of 

total energy consumption. 

7 
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IB. Intercity Passenger Transportation 

Fuel Efficiency of Intercity Passenger Modes 

Intercity passenger travel in Texas is pTimarily served by the auto~ 

mobile, rail, air, and bus. The fuel efficiencies of these modes (eA~ressed 

in passenger miles per gallon) ,based on existing operations, are quite dif-

ferent (Figure I-1). The bus and the train are the more energy efficient 

modes of transportation, 

while air and the auto are 

considerably less efficient. 

These fuel efficiencies are 

highly dependent on the 

number of passengers per 

vehicle. Fuel efficiency 

can be improved by either 

increasing vehicle occupancy 

or by shifting travel to 

the more fuel efficient modes. 

I '" r-,------
Train 

Bus 

1 

rm&I!llitiillil!&l!tif'**'~'li"' 
I 

10 20 30 40 50 60 70 80 90 100 110 120 130 

Passenger .~iles Per Gallon of Fuel 

Source: References 1, 3, 4 

Figure I-1: Energy Efficienc1es of Intercity 
Passenger Trdnsportation Modes 

Historical Travel Trends, United States Data 

A review of historical travel data (Figure I-2) provides both an 

indication of the increase in total travel as well as a description of 

trends in modal use. Between 1943 and 1971, intercity passenger miles of 

travel increased at an annual compound rate slightly in excess of 5.5 

percent. Total U.S. intercity passenger miles of travel exceeded 1200 

billion in 1971 (l,±). 
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Between 1943 and 

1949, the private auto 

increased its share of 

the intercity passenger 

market from 56 to 84 

percent. Since that 

time, the auto has con-

sistently served 85 to 

90 percent of intercity 

passenger travel. 

Intercity air 

travel has also exper-

ienced significant 

growth. While this 

mode served less than 

"" 
L 

• 0 

~§-

-

5000 '"~r 
lOOO 

500 

100 

IU 

10 

1940 1945 1950 1955 1960 

Year 

figure 1-2· U.S. Intercity Passenger Miles of Tra¥e1 
By Mode of Transportation 

1965 

one percent of travel in 1943, it served in excess of ten percent in 1970. 

The rate of growth between 1943 and 1970 was reasonably constant; however, 

the percent of total intercity travel served by the air mode decreased 

between 1970 and 1971. 

Rail served nearly 30 percent of the intercity travel market in 1943. 

This had declined to approximately 0.5 percent of intercity travel by 1970. 

The volume of traffic served by the bus has remained relatively 

constant since 195Q. However, since total intercity travel increased 

during this same period, the percentage of intercity travel served by bus 

declined. 

10 
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On a national basis, a li~mited ~uount of intercity passenger travel 

is accommodated on inland waterways. Approximately 0.7 percent of inter-

city passenger travel moved by water in 1943; the percentage of the inter-

city travel market served by water declined to 0.3 percent ill 1970. 

1970 Travel By Mode, U.S. a~d Texas 

Available data compiled by the Interstate Commerce Commission (~ 

document the magnitude of total travel and the travel by mode in the 

United States. Explicit data are not available for Texas travel. 

Consequently, an estimate of intercity passenger travel in Texas 

was formulated. The analyses and assumptions used in developing this 

estimate are documented in Appendix A of w~is report. 

Table I-3 presents 1970 intercity travel data for Texas and the 

United States. Texas intercity travel represents 5.3 percent of 

total U.S. intercity travel. The percent of total travel served by 

the different modes in Texas and the nation is quite sliuilar. 

Mode 

Table I-3: Estimated 1970 Intercity Passenger Miles of Travel 
By Mode, Texas and the United States 

* ** Texas Cnited States 

Passenger Miles Percent of Passenger Miles Percent 
(millions) Total (millions) Total 

Automobile 54,000 86.7 1,026,000 86.9 
Air 6,600 10.6 119,000 10.2 
Rail 346 0.6 6,409 0.5 
Bus 1,300 2.1 25,000 2.1 
Waternays 8 0.0 4,000 0.3 --
Total 62,246 100.0 1,180,409 100.0 

* Source: Appendix A 
** Source: References 3,4 
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Projected Travel By Mbde, Texas 

Nationwide, li1tercity passenger travel has been increasing at an 

annual compound rate of 5. 5 percent. Expansion by this historical rate may 

overestimate future t:ravel; decreases in both expendable incoTI'..e and birth 

rate should cause some decrease in the rate of increase li1 intercity travel. 

Thus, it is assumed that in the absence of any occurrences significantly 

affecting intercity travel, intercity passenger miles of travel will increase 

at an annual compound rate of 5.0 percent. 

To obtain total future intercity travel in Texas, the total 1970 

travel presented in Table I-3 was increased by the assumed growth rate. 

At this rate of increase, total intercity passenger miles of travel in 

Texas in the year 2000 will exceed 260 billion. 

Unless strong actions are 

taken, it is reasonable to assume 

that existing travel patterns and 

modal choice will not change signi-

ficantly. Based on U.S. data (~_), 

historical trends and projections 

of the percent of the market served 

by the different modes are presented 

in Figure I-3. By extrapolating 

these data, future intercity passen-

ger travel in Texas is estimated to 

be as shmvn in Table I-4. Figure 

I-4 graphically presents this in-

formation. 
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Table I-4: Estimated Intercity Passenger Miles of Travel in 
Texas By Mode, 1970 and 2000 

Mode 1970 2000 

Passenger Miles Percent of Passenger Miles Percent 
(millions) Total (millions) Total 

Automobile I 54,000 86.7 232,703 I 86.5 
Air 6,600 10.6 29,592 

I 
11.0 

Rail 346 0.6 1,345 0.5 
Bus 1,300 2.1 5,380 2.0 -- --
Total 62,246 100.0 269,020 100.0 

If the estimated travel demand in the year 2000 actually occurs, 

the capacity of the existing transportation system will be greatly 

exceeded. New facilities will be required to serve this demand. If 

energy conservation is the primary consideration, facilities can be 

provided to encourage the use of the more energy efficient modes of 

travel. 

1970 Intercity Passenger Transportation Fuel Consumption 

By applying the modal fuel efficiencies (Figure l-1) to the 1970 

travel data (Table I-3), an indication of 1970 transportation fuel con­

sumption in both Texas and the United States is formulated. This infor-

mation is presented in Table I-5. 

of 

The overwhelming majority of intercity passenger transportation fuel 

is consumed by the fuel inefficient transportation modes. \~ereas air 

serves only 10.6 percent of Texas intercity passenger miles, it consumes 

21.7 percent of the transportation fuel used in intercity passenger trans-

port. Air and auto, the ]east fuel efficient modes of transportation, 

14 



Table I- 5: Estimated 1970 T:-a.'1sportation Fuel Used in Intercity 
Passenger Tra.isport, By ~Dde, Texas and United States 

Mode 

Automobile 
.!J..ir 
Rail 
Bus 
Waterways 

Total 

N.A. = Not 

Texas 

Gallons of 
Fuel 

(;l.illicr:s J 

1,688 
47l 

4 
10 

0 

2~173 

Available 

Percent 
of 

rrotal 

77.7 
21.7 
0.2 
0.4 
0.0 

100.0 

United States 

Gallor1s of 
Ftiel 

(nrillio::1s) 

32,062 
8,500 

80 
200 

N.A. 

40,842 

Percent 
of 

Total 

78.5 
20.8 
0.2 
0.5 

N.A. 

100.0 

serve 97.3 percent of all passenger wiles of intercity travel and con-

surne 99.4 percent of all fuel used in intercity passenger movement. 

Recent trends have been toward more dependence on tr~e less fuel effi-

cient air moae. 

These data should no-r be interpreted to imply that auto and air 

travel should necessarily be strongly discouraged for energy reasons. 

'I':"le ruel efficiency of these modes can be i1nproved significantly by 

increasing the average occupancy per vehicle and/or by improving ve-

hicle engine fuel effic1ency. 1nese approaches cer~ainly warrant 

additional consideration. 

Projected Intercity Passenger Tra.LSportatior: Fuel Consumption 

TI1e data concerning modal fuel efficiencies (Figure I-1) and the 

inforw~tion pertaining to projected intercity passenger travel demand 

are cowbined to develop ~1 estimate of future fuel demand in Texas. 



This information is summarized in Table I-6 and in Figure I-5. 

Table I-6: Projected Transportation Fuel Used in 
Intercity Passenger Transport in Texas, 1970-2000 

Mode 

Automobile 

Air 

Rail 

Bus 

Total 

The values shown in Table I-6 

and Figure I-5 are based on the 

following assumptions: 

• intercity travel will con­
tinue to increase at an 
annual compound rate of 
5.0 percent; 

• no drastic changes will 
occur in modal use; and 

• the fuel efficiencies of 
the various modes will not 
be changed significantly. 

The estimate of future travel and 

fuel consumption presented is a 

realistic estimate of what can be 

expected to occur unless actions 

are taken in the future that will 
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invalidate these assumptions. Unless events occur (changes in regulatory 

policy, increased fuel cost, continued decreases in personal income, etc.) 

that will stimulate changes in current travel habits, there is no reason 

to expect that significant modal shifts will occur. 

Effect of Modal Shifts 

At present, nearly all intercity passenger movement is served by 

the two least fuel efficient modes -- the auto and the airplane. If 

some of this travel could be shifted to more fuel efficient modes, total 

fuel consumption could be reduced. Table I-7 presents the estimated 

fuel savings that can be accrued from each one percent of traffic served 

by a relatively fuel inefficient mode that is shifted to a more fuel 

efficient mode. 

Table I-7: Estimated Effect of Modal Shifts on Intercity Passenger 
Transportation Fuel Consumption In Texas 

Modal Shift* I Percent Increase I~ Gallons of Fuel Saved 
i Intercity Passengen (millions) 
!Transportation Fuel~--------~--------~ 

Efficiency I 1970 2000 

1% of Air Travel Shifted To·: 

Auto 
Rail 
Bus 

0.11 
0.13 
0.14 

2.4 
2.9 
3.1 

10.4 
12.3 
13.2 

1% of Auto Travel Shifted To: 

* 

Rail 
Bus 

0.47 
0.58 

10.3 
12.7 

44.4 
54.8 

In 1970, air served 6.6 billion passenger-miles; auto served 54 billion 
passenger-miles. Thus, a one percent shift of air travel involves 66 
million passenger-miles; a one percent shift of auto travel involves 540 
million passenger-miles. 
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At present, the overall fuel efficiency associated with intercity 

passenger movement is 28.65 passenger-miles per gallon. Shifts to 

more efficient modes will increase this efficiency. For example, for 

each one percent of existing air travel shifted to auto travel, overall 

fuel efficiency will increase by 0.11 percent. Similarly, for each one 

percent of existing auto travel shifted to busses, overall fuel efficiency 

will increase by 0.58 percent. 

Shifts to more energy efficient modes will result in a reduction in 

total fuel consumed. For example, in the year 2000, a shift of one per­

cent of auto travel to bus travel could conserve in excess of 50 million 

gallons of fuel. 

Considerations Concerning MOdal Shifts 

Shifting travel to more energy efficient modes initially appears to 

represent an attractive means of conserving transportation energy. How­

ever, it should be noted that people prefer the inefficient modes because 

of the advantages and disadvantages associated with the different inter­

city passenger modes. Unless actions are taken or occur to alter the 

competitive positions of the different modes, it is unrealistic to expect 

that. significant modal shifts will occur. 

This section is divided into two parts. The first briefly describes 

the characteristics of the various intercity passenger modes. It identi­

fies the reasons individuals choose different modes. The second part 

identifies the types of travel that are served largely by the fuel in­

efficient modes. This information should be useful in identifying actions 

that will induce modal shifts. 
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Character~stics of Intercity Passenger Transporation Modes (5) 

Since the advent of the automobile and the development of extensive 

h,ighway systems, people in the United States have depended heavily upon 

t~e automobile for intercity travel (86.6% of the total U.S. intercity travel 

in 1970 (~). The private automobile will continue to be an attractive 

mode of travel since it offers a level of convenience ru1d flexibility 

unmatched by other modes of transportation. 

The automobile is especially attractive for short intercity trips 

and recreational travel. The driver can depart his own home and arrive 

directly at his destination. While at his destination, the automobile 

provides the traveler a means of transportation in the local area. How­

ever, the private automobile is not as desirable on longer trips because 

of the additional travel time as well as cost of food and lodging. 

Air travel is generally considered to be attractive for the following 

reasons: 

• speed of travel; 

• status, prestige, and comfort; .and 

• dependability of service. 

Since air travel does not require a fixed facility cost between terminals, 

it can be economically feasible despite relatively low passenger demand. 

Air can successfully serve levels of intercity passenger demand that are 

not sufficient to justify rail service. Nevertheless, air is an expensive 

means of intercity travel. 
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High speed rail service has shown that it can compete successfully 

with short-haul air service between areas of extremely dense passenger 

demand. Trains operating at speeds of 100 to 150 miles per hour can 

provide a comparable level of service to air. However, the cost of 

rail facilities does require a substantial volume of intercity travel 

demand. 

The level-of-service (travel time and cost) provided by conventional 

intercity rail lies between that provided by the bus and that provided by 

air. Travel time is slower than air and comparable to bus. Cost of 

travel, however, exceeds that of the bus. Rail does, however, provide 

a different travel experience. The traveller can get up, walk around, 

eat meals, etc., as a part of his travel experience. 

Intercity travel by bus is dependable but slow. It is less expensive 

and commonly selected by people who do not own automobiles and cannot 

afford air fares. Non-stop bus service between cities less than 200 miles 

apart can provide a competitive alternative to intercity travel by 

high-speed rail or air. 

Travel Characteristics by Mode 

In terms of fuel consumed per passenger mile, air and auto are rela­

tively inefficient modes of intercity passenger transportation. Thus, 

modal shifts designed to increase overall fuel efficiency (based on existing 

operating efficiencies) should discourage travel by these modes. Tables 

I-8 and I-9 identify the type of travel being served by the different modes 

(6). Due to data discrepencies, the numbers shown in these tables do not 

correspond to those presented previously; only intercity trips of 100 miles 
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* Table I-8: Volume of U.S. Intercity Travel, By MOde 

~ Characteristic 

~-- I 
l Passenger Miles (Millions) J 
I 

). Pen:en~ of Total Travel J 

* Table I-9: Intercity Travel by Trip Purpose 

~~~~ Charac~eristic 
------------., 

Percent of Intercity Passej1ger Travel / 
Served By Each Mode 

Auto Air Bus / Rail 

j Trip Purpose 

l
i Visit Friends, Relatives 

Business, Conventions 
i Q1tdoor Recreation 
I Other 

l
J.. Fai'11ily Income 

Ur..der $10,000 
O.rer $10,000 

I No Answer I 

1.

1 Occupatio:1., Head of Household 1 

Professional I 
Craftsman, Laborer I 
Clerical 
Other 

Rowid Trip Distance (Miles) 
Under 1,000 
Over 1,000 

Day of Week 
Weekend 

\ Weekday 
1 No Answe1· 

29.9 
9.5 

19.2 
10.8 

27.2 
39.4 

2.8 

24.9 
19.8 
10.0 
14.7 

31.3 
38.1 

29.4 
35.4 
4.6 

I Numbe~:f Persons on Trip 
12

.
6 

\ 

Two 20.8 
TI1ree to Five 29.9 
Six or More 6.1 

7.6 
12.0 
4.4 
3.5 

6.1 
20.1 
1.3 

15.0 
3.8 
4~2 
4.5 

2.6 
24.9 

4.9 
20.6 
2.0 

15.3 
8.3 
3.7 
0.2 

[._ ________________ ._L_ ___ ,L__ __ __l._.... 

0.5 
0.2 
0.5 
0.3 

0.9 
0.5 
0.1 

0.32 
0.32 
0.13 
0.73 I 

0.811,1 
0.7 

0.50 
0.83 
0.13 

I 
I 
I 

o.79 I 
0.44 
0.21 i 
0.02 1 

I 

0.30 
0.10 
0.}0 
0.05 

0.18 
0.30 
0.02 

0.24 
0.07 
0.06 
0.13 

0.1 
0.4 

0.13 
0.34 
0.03 

0.17 
0.15 
0.16 
0.02 

-- __ _L -----' 

* Only intercity trips of more than 100 miles (one-way distance) 
are included in these data. 

21 



or more (one-way distance) are included in these data. As a result, air 

travel is disproportionately represented. 

According to the 1972 Census of Transportation (~ , nearly 370 billion 

annual intercity passenger-miles occurred on trips of 100 miles (one-way 

distance) or more in the United States. Nearly 97 percent of these trips 

were made by either air or auto. 

Air travel, in terms of passenger-miles per gallon, is the least 

efficient of the modes. 'fable I-9 shows that the air mode primarily serves 

the following types of trips: 

• business trips; 

• trips by persons with annual incomes in excess of $10,000; 

• trips by professional persons; 

• rmmd trip distance in excess of 1000 miles; 

• weekday trips; and 

• trips with only one person in the traveling party. 

If efforts are to be made to divert air travel to more fuel efficient modes, 

it appears that t>~ese efforts should be directed primarily· ·at· thee. t)'Fles of 

trips identified above. 

Conclusions 

Based on existing operations in the United States, the fuel effi­

ciencies of the intercity passenger transportation modes differ. Bus 

and rail are the more efficient modes . Air and auto are the least fuel 

efficient modes. 

Intercity passenger-miles of travel have been increasing; between 

1973 and 1971 this travel increased at an annual compound rate of 5.5 
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percent. The trend has been toward a greater percentage of intercity 

passenger travel being served by the inefficient modes of transport, 

namely air and auto. 

In 1970, it is estimated that over 62 billion passenger-miles of 

intercity travel occurred in Texas; nearly 1,200 billion passenger-miles 

of travel occurred in the United States during this same year. The per­

cent of total travel served by the different modes in Texas and the nation 

is quite similar. 

In the absence of significant changes in current conditions, intercity 

passenger travel should increase in the future at an annual compound rate 

of approximately 5 percent. At this rate, total intercity passenger-miles 

of travel in Texas will exceed 260 billion by the year 2000. 

Intercity passenger transportation fuel consumption in Texas in 1970 

was nearly 2.2 billion gallons. The overwhelming majority of this fuel 

is consumed by the inefficient modes of transportation. ~bereas air serves 

only 10.6 percent of intercity passenger-miles in Texas, it consumed 21.7 

percent of intercity passenger transportation fuel. Based on the pro­

jected increases in intercity travel, intercity transportation fuel demand 

in Texas in the year 2000 will exceed 9 billion gallons. 

A shift of travel from fuel inefficient to more fuel efficient modes 

of transportation will increase overall fuel efficiency. For example, 

each one percent of existing air travel that is shifted to auto travel will 

increase the overall fuel efficiency of intercity passenger movement by 

0.11 percent. However, it must be emphasized the existing modal choice is 

made for rational reasons. Unless external forces are applied to the existing 
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transportation system, there is no reason to expect that any modal shift 

will actually occur. 
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IC. Intercity Goods MOvement 

The intercity movement of freight is a vital factor to a diversified 

economy. The importance of this activity to the entire State cannot be 

underestL~ted. During this period of shortages and increasing prices 

for motor ruel, it is imperative that intercity movement of freight is 

accommodated in the most efficient and economical manner. Policy makers 

must be aware of the magnitude of this activity as well as the alternatives 

and consequences associated with specific actions. The ton-miles of intercity 

goods movement will continue to increase. Efforts can, however, be directed 

toward actions that hold the greatest promise for improved fuel efficiency. 

Certain types of intercity freight are currently being transported by 

an inefficient mode when efficiency is evaluated only on the basis of ton­

miles carried per energy unit. However, the introduction of others factors 

into the decision making process may indicate that the current traffic allo­

cation is both efficient and economical. Changes in transportation policy 

and relative prices, for instance, may cause the user to reassess available 

alternatives. 

As presented previously (Table I-1, page 5), intercity goods movement 

consumes approximately 14 percent of total statewide transportation fuel 

consumption. Over half of the fuel consumed in intercity goods move100nt 

is used by the motor truck. As a result, the primary attention in the analyses 

presented in this section will be focused on opportunities and alternatives 

for modal shift and traffic reallocation between motor trucks and rail. 
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Pipeline is a highly efficient specialized mode; however, it is not currently 

adaptable to a wide range of uses . Air transport is designed primarily 

for certain transport requirements and represents a very small percentage 

of intercity freight tonnage. Barge transport is another area of relatively 

specialized movement. However, due to the impact of this mode on the economy 

of Texas, the fuel efficiencies of waterborne commerce are also examined in 

this section. 

Fuel Efficiency of Intercity Goods M:>vement M:>des 

Intercity goods movement in Texas is served by motor trucks, railways, 

pipelines, wateiWays, and aiiWays. Certain modes use fuel more efficiently in 

producing their ton-mile output. Ton-miles of freight transported per gallon 

of fuel consumed is the common descriptor of modal energy efficiencies. 

Studies Cl,7) have identified the various modal efficiencies. A 

review of these data indicate 

that the fuel efficiencies 

presented in Figure I-6 are 

representative of existing 

operations. Pipeline, water 

and rail are all relatively 

fuel efficient modes of inter-

city goods transport. The 

truck is considerably less fuel 

efficient and air is the least 

fuel efficient mode. 

Air 

Truck 
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Based on the data presented in Fi~ure I-6, it is readily apparent that 

certain modes produce a higher level of ton -mile output than other JlX)des. 

If the modes were perfect substitutes and users indifferent to the mode selected, 

traffic allocation could be easily assigned. This, however, is not the sit-

uation. TI1e modes are not perfect substitutes and users have valid selection 

criteria other than fuel efficiency measures. 

The estimates presented in Figure I-6 are generalized for ~~e entire 

nation. A1 though Texas may have certain freight trailsportation characteristics 

which are unique to the State, there is no basis to assume any significant 

difference in modal fuel efficiencies. 

Historical Transport Trends, United States Data 

Total intercity 

ton-miles of goods move-

rent in the United 

States have been increas-

ing at a relatively con-

stant rate (3). Between 

1940 and 1971, ton-miles 

of travel increased at 

an annual compound rate 

of approximately 3. 7 

percent. Ton-miles 

transported in the Uni-

ted States in 1971 

exceeded 1,930 billion 

(Figure I -7). 
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Figure l-7: Intercity Ton Miles Transported. By Mode 
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Railroads transport the bulk of the ton-miles; however, the percentage of 

total ton-miles served by rail has been declining. Rail served 63 percent of 

U.S. ton-miles in 1940 and served less than 40 percent of the total in 1970. 

Between 1940 and 1960, motor trucks increased their share of the market 

from 9 to 21 percent. Since then, truck has continued to serve approximately 

20 percent of total ton-miles. 

The share of ton-miles moved by inland waterways has declined slightly. 

Inland waterways accounted for 18.1 percent of total ton-miles in 1940 and 

16.5 percent in 1970. During this same period, oil pipelines have 

increased their share of the market from 9 to 22 percent. 

Air is experiencing the most rapid rate of increase in ton-miles. 

However, in 1970 it served less than 0.2 percent of the market. 

Historical and Projected Intercity Goods Mbvement, Texas 

Table I-10 presents the estimated 1970 movement of intercity goods in 

Texas. Oil pipelines served the majority of this movement. 

Table I-10: Estimated 1970 Intercity Ton-Miles of 
Travel By Mbde, Texas 

Mbde Ton-Miles Percent of 
(Millions) Total 

Mbtor Truck 27,200 15.2 

Rail 47,180 26.3 

Oil Pipelines 98,387 54.9 

Intracoastal Water 6,210 3.5 

Air 215 0.1 

Total 179,192 100.0 
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Inforrnation concerning the 

ton-miles of intercity freight 

moved in Texas by both railroad and 

motor tre1ck is presented in Figure 

l-8. Data on ton-rniles generated 

by railroads in t.~e State are avcnl-

able from Railroad Commission sta-

tistics. Sirr~lar data regarding the 

ton-miles produced by motor trucks 

on Texas highways are not available. 

Two estimates of motor truck ton-

miles for tl1e period 1960-1973 are 

presented ln Figure I-8. The pro-

cedures used :in development of these 

estimates are presented in Appendix 

/ 
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Note: Several P<;tifllates 
are presented in 
this fioure. The 
basis tOr 2ach 
estifT1ate is des­
cribed in Appendix B. 
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Year 

F~gure I-i.;: .i:n7:ercity Freight Movements By Ranrodds 
and Motor Trucks in Texas, 1960-2000 

B. Projections of both rai.i and mowr truck ton-miles are also shown ln 

Figure I-8. Tl1e projection procedures are also discussed in Appendix B. 

Intercity goods movement by railroads has grmm from 31.6 billion ton-

:rr~les in 1960 to 51.6 billion in 1972 {f). This represents an increase of 

over 63.0 percent during the tlnrtee11 year period. During this same period, 

the interci-cy movement of freight by motor truck has increased by approxi-

mately 65.0 percent. It is estimated that between 30.7 a.YJ.d 36.4 billion ton-

miles of freight were tra11sported over Texas highways by motor truck in 1973. 

Railroads produced 51.6 billion ton-miles in 1972. 
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Using estimating procedures and data presented in Appendix B, projec­

tions were developed for intercity ton-miles of freight transported by 

both truck and rail to the year 2000. By 2000, between 77 and 85 billion 

ton-miles of intercity freight will move over Texas highways. At that time, 

railroads will be generating between 70 and 150 billion ton-miles of freight 

annually. 

Intercity Goods MOvement Fuel Consumption, Historical and Present 

Table I-ll presents the estimated 1970 consumption of fuel in Texas by 

the intercity goods movement modes. The trucking sector, although accmmting 

for only 15.2 percent of total intercity ton~miles, consumed over SO percent 

of the fuel used in intercity goods transportation. 

Table I -11: Estimated 1970 Intercity Goods MOvement Fuel 
Consumption By M>de, Texas 

M:>de Gallons of Fuel Percent of 
(Millions) Total 

MJtor Truck 520* 51.7 

Rail 236 23.4 

Oil Pipelines 197 19.6 

Intracoastal Water 28 2.8 

Air 25 2.5 

Total 1,006 100.0 

* Special Fuels and Gasoline 
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Historical data on fuel used by railroads L~ Texas is presented in 

Table I-12. In 1972, more than 266 million gallons of fuel were consumed 

in producing 51.6 billion ton-miles. The fuel efficiency for that specific 

year was 194 ton-miles per gallon. 

Table I-12: Total Ton-Miles and Fuel Consumption Of 
Railroad Companies Operating in Texas 

Ton-Miles Gallons of Fuel Ton-Miles Per 
Year (thousands) Consumed Gallon 

1960 31,604,335 193,682,289 163.18 

1961 30,514,827 237,931,640 128.3 

1962 32,633,584 190,363,223 171.43 

1963 33,686,847 189,425,170 177.84 

1964 36,485,042 204,176,512 178.69 

1965 39,569,549 203,564,861 194.33 

1966 43,270,917 215,561,690 200.74 

1967 39,429,613 217,366,673 181.40 

1968 42,677,355 209,502,291 203.71 

1969 44,333,599 231,341,611 191.64 

1970 47,180,534 236,068,706 199.86 

1971 48,539,908 239,800,878 202.42 

51,568,514 266,031,475 193.85 

Source: Reference 8 
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Consumption of fuel by motor truck in Texas is presented in Table I-13. 

Recent trends have been toward more use of diesel vehicles; thus, gasoline 

consumption by trucks has been declining. Overall fuel efficiency has not 

changed significantly. 

Year 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

Table I-13: Intercity Ton-Miles Transported and Fuel 
Consumed by Motor Trucks in Texas 

Ton-Miles Gallons of Fuel (Thousands) Ton-Miles 
(billions) Special Gasoline Total Per Gallon 

22.2 216,090 190,000 406,090 54.7 

23.5 249,024 170,000 419,024 56.1 

23.7 280,622 160,000 440,622 53.8 

25.1 320,411 130,000 450,411 55.7 

25.7 351,698 110,000 451,698 56.9 

26.1 395,419 100,000 495,419 52.7 

26.7 417,000 100,000 517,000 51.6 

27.2 453,027 67,000 520,027 52.3 

29.4 522,833 65,000 587,833 50.0 

Source: References 9,10 

MOtor trucks consumed nearly 600 million gallons of fuel in 1971 

while railroads consumed 239 million gallons. Trends in fuel consumption 

are presented in Figure I-9. 
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Projected Intercity Goods Movement Fuel Consumption 

The data concerning modal fuel 

efficiencies (Figure I-6) and the 

projected ton-miles of travel by 

truck and rail (Figure I-8) are com-

bined to develop ruL estimate of future 

fuel demand in Texas. This infor-

mation is summarized in Table I-14. 

In 1970, trucks consumed 2.2 

times as much fuel liiS rail. It is 

estimated that, by the year 2000, 

trucks will use 2. 8 times as much 

fuel as railroads. 

600~ 
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Vear 

Fiqure !~9: Fuel Consu!llption By Railroads and 11otor TrucKs. 
In Texas 

Table I-14: Projected Ton-Miles and Transportation Fuel Used By Truck 
and Rail in Intercity Goods Movement, Texas 

! 
j Mode Year 
I ' 
I 1970 2000 
I I 

I Ton-Miles Gallons of Fuel Ton-Miles Gallons of Fuel 
(billions) (millions) (billions) (millions) 

Rail 
I 

47.2 236 110 550 

Truck I 27.2 520 81 1560 
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Effect of MOdal Shifts 

Most of the modes serving intercity goods movement are relatively 

fuel efficient. The air mode, although highly fuel inefficient, serves 

only a limited quantity of goods. Trucking, however, serves 15 percent 

of intercity ton-miles but consumes 52 percent of the fuel used for this 

purpose. This is a logical sector to consider for possible fuel savings. 

Traffic diverted from truck would tend to be served primarily by rail. 

Under existing operation~ motor trucks operate at a fuel efficiency 

of 52 ton-miles per gallon while railways produce 200 ton-miles per gal­

lon. If some truck traffic could be shifted to rail, total fuel con­

sumption could be reduced. Assuming that this modal shift will not 

greatly alter the modal fuel efficiencies, each one percent of truck 

traffic diverted to rail will reduce the consumption of fuel for inter­

city goods movement by 0.1 percent. 

Considerations Concerning MOdal Shifts 

Initially, the idea of shifting traffic to more energy efficient 

modes appears attractive. However, the existing modal split exists for 

definite economic reasons. Shippers and receivers select modes based on 

the characteristics of the modes. Unless actions are taken to alter the 

competitive positions of the different modes, it is unrealistic to expect 

that significant modal shifts will occur. 

This section is divided into three parts. The first part discusses 

the inherent advantages of the various modes of intercity transport. The 

second section describes the characteristics of shipments transported by 
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the different modes. The final st.:~tion evaluates opportunities for modal 

shifts. 

Trucks, operatir.cg c.:-. a:n extensive I~.e-cwork of streets a.-1d. highways, 

provide the most flexible :form. of goods ;novemerrt.. Trucks can normally 

pick up shipments at their point of origin ar;.d deliver them directly 

to their destination. 7his high degree of flexib:i.lity combined with 

relatively short delivery time yield a high level of service that 

make trucking an extremely at·cractive mode for b'le shipment of high­

value goods over relatively short distances despite its apparently 

higher cost. 

Railroads provide a reasonably rapid means of transporting bulk 

goods and have the capability of moving many different comrr~dities. The 

extensive netvmrk of rail tracks makes this the most flexible mode of 

bulk transportation. However, unless the origin and destination of 

the shipment are both located at a rail siding, goods shipped by rail 

must also be tran.sported by another mode. 

Characteristics of Intercity FPeight 

The distance a shipment travels is a criterion used in selecting 

the mode of tra.11.sportation. Table I -15 presents the ton -mile distribution 

by distance shipped for bot ... ,_ the Sta.~e a"'ld the nation. Two distributions 

are presented, one with ar..d the other without petroleum and coal products. 

A comparison of U.S. and Texas (all commodities) shows some striking dif­

ferences, primarily the large percent of Texas ton-miles that are generated 



r--· 

on long distance shipments. More than 80.0 percent of the total Texas 

ton-miles are generated by movement of 1000 miles and over. Only 51.4 

percent of U.S. ton-miles are generated through shipments in this mileage 

category. 

Table I-15: Percent Distribution of Intercity Ton-Miles 
Goods Movement by Mileage Block - 1967 

United States Texas 
Excluding Excluding 

Distance All Petroleum and All Petroleum and 
(miles) Connnodities Coal Products Connnodities Coal Products 

Less Than 100 2.6 3.6 0.5 2.9 

100-199 4.5 6.6 1.3 6.0 

200-299 5.7 7.9 1.8 8.9 

300-499 9.6 13.7 2.0 9.8 

500-999 26.2 28.6 12.5 27.4 

1000-1499 27.6 13.0 54.6 31.8 

1500 & Over 23.8 26.6 27.3 13.2 -- -- -- --
TOTAL 100.0 100.0 100.0 100.0 

Note: Total Ton-Miles Texas: All commodities= 198,678 (million); excluding 
petroleum and coal products= 22,478 (million). 

Total Ton-Miles U.S. : All commodities 678,992 (million) excluding 
petroleum and coal products = 390,636. 

Pipeline shipments are not included in these data. 

Source: Reference 11 

The removal of petroleum and coal products ton-miles results in 

distributions for the U.S. and Texas which are similar in most mileage 

36 



I 
I 
I 

I 
I 
I 
i 

' I 

categories. For example, 39.6 percent of tr.~.e U.S. ton -miles are generated 

in freight movement of 1000 miles ~1d over, while 45.0 percent of the 

Texas ton-miles are produced in this mileage category. Petroleum and coal 

products were removed from the distribution because their movement is 

predominately by water or pipeline, both. highly energy efficient modes. 

The distribution of intercity ton-w~les by mode is presented in 

Table I-16. Again, two distributions for both the U.S. and Texas are 

shown. Water transport is the primary mode when all commodities are 

considered. Almost 90.0 percent of the Texas intercity ton-miles are 

generated in waterborne commerce.* The removal of petroleum and coal products 

Table I-16: Percent Distribution of Intercity Ton-Miles 
Goods Movement by Mode of Shipment, 1967 Data 

United States Texas 

I Excluding Excluding 
All Petroleum & All Petroleum & 

Mode Commodities I Coal Products Commodities Coal Products 

Rail I ' 36.8 I 61.4 I 6.6 49.0 

I ' ! I 
I Truck 19.0 ! 31.2 I 3.7 27.2 

I I I 

I 
Air ' 0.1 I 0.2 I I 

I 
I 

--- ---

I 
I 

Water 43.7 6.5 I 89.7 23.8 

I 
j 

I 

I I I 
Other & Unknown 0.4 

l 
0.7 --- I ---

-- -- -- I --
I " 

I 
~ TOTAL .tOO.O 100.0 .L00.0 100.0 

Source: Reference 11 

Note: Pipeline shipments are not included in these data. 

* This value is substantially highly than the value presented in Table I-10. 
The value in Table I-10 includes only those ton-miles that occur within 
Texas. The value shown on this page is based on shipment length; i.e. tons 
that originate in Texas ITnlltiplied by shipment length. 

37 



result in some significant changes in both the U.S. and Texas distri­

butions. Rail is the predominate means of transportation of intercity 

ton-miles in both the U.S. and Texas, although the percent of ton-miles 

generated by rail in Texas is considerably less than the rest of the 

nation. Also, even with petroleum and coal removed from consideration, 

23.8 percent of the Texas ton-miles are generated in waterborne commerce. 

Rail generated 49.0 percent of the Texas ton-miles and over 61.0 percent 

of total U.S. ton-miles. 

Table I-17 presents the modal distribution of Texas aild U.S. ton­

miles by commodity group. A larger percent of U.S. ton-miles were gener­

ated by rail for almost all commodity groups as compared to Texas ton­

miles. Also, there is an indication that more reliance is placed on 

private trucking in Texas than in the rest of the nation. For several 

commodity groups, the role of the motor carrier in ooth Texas and the U.S. 

is similar. Some commodity groups are orientated towards a specific 

mode of transportation -- petroleum, for example, moves primarily by water_ 

Table I-18 presents the percent distribution of Texas ton-miles by 

length of haul and commodity group. The majority of ton -miles for all 

commodity groups, except "Food and Kindred Products" and "Stone, Clay 

and Glass Products," are generated in movements of 500 miles and more. 

These two commodity groups have the largest percent of ton-miles in the 

less than 300 miles category. No commodity group has more than SO percent 

of ton-miles in the less than 300 miles category. 

The distribution of ton-mile by weight of shipment for the U.S. 

is presented in Table I-19. Shipment size is one of the variables which 
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Table I-17: Percent of Distribution of Intercity Ton-Miles, 1967 Data* 

----r--r ----,1 
1 ~ !--lode of Travel 

Corrrrnodi ty I :"oca- ! ---.--~-t.-c-.r-,r'--P-rl-. v_a_t_e...,.i---.------,.-Au-i 

L---~:up --+1 _t_i_o_n ~ Rail Carrier 1 Truck j Air Other~ 
: ALL CCJMMOD IT I ES I ~~~ 

Texas ! 6.6 2.4 1.3 1 89.7 I 
U.S. 36.8 14.7 4.3 O.l 43.7 0.3 1 

~QOD AND l<I~DRED! 
PRODUCTS I 

APPAREL & OTHER i 
FINISHED TEXTiLE! 
PRODUCTS i 

FURNITURE & FIx- ' 
TURES i 

i 

PULP, PAPER, AND! 
ALLIED PRODUCTS I 

CHEM I CAI_S AND ~~ 
ALLIED PRODUCTS 

PETROLEUM AND 
COAL PRODUCTS 

I 
I 

I 
I 

RUBBER AND M I SC ELl 
LANEOUS PLASTIC I 
PRODUCTS ' 

I 
STONE, CLAY, ANDi 
GLASS PRODUCTS i 

i 

PRIMARY NETAL 
PRODUCTS 

i 
I 

I 
I 

I j 
I t 

I FABRICATED METAL! I PRODUCTS I 
l l 
i MACHINERY, EXCEPT! l ELECTRICAL j 
I I 
I .1 i TRANSPORTATION ,I 

! EQU !PMENT 

I L 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Texas 
u.s. 

Sl.7 
66.1 

0.3 
12.2 

3.2 
33.4 

63.8 
77.4 

48.9 
60.2 

1.2 
3.4 

34.4 
34.2 

43.3 
50.3 

6') 1 
~ oJ. 

60.2 

28.4 
39.7 

22,5 
39.1 

22.5 
Zl.l 

65.4 
67.7 

24.3 
48.9 

22.4 
15.2 

9.6 
20.3 

0.5 
1.8 

52.8 
56.8 

36.6 
31.9 

12.7 
25.5 

28.5 
46.0 

58.0 
48.2 

* Data do not include pipeline transportation. 
Source: Reference l1 
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22.6 
9.9 

19.7 
8.3 

72.4 
13.4 

13.8 
3.9 

1.8 
4.5 

0.2 
0.7 

12.7 
6.0 

18.8 
9.8 

14.5 
3.9 

36.2 
10.1 

P.6 
8.3 

0.1 
1.9 

0.1 

0.1 

0.1 
0.5 

0.3 
0.5 

0.4 
0.9 

2.5 
2.6 

0.3 
o.s 

0.7 
0.3 

14.2 
9.4 

0.1 
3.4 0.8 

2.9 0.6 

39.6 0.1 
14.6 0.3 

98.1 
94.1 

0. 4 2 .l 

1.3 
7. 3 0. 2 

10.3 0.4 
10.3 0.2 

6. s 0.1 
2. g 0. 8 

::L 2 .!..~'} 

0.9 2.6 

: 



Table I-18: Percent Distribution of Intercity Ton-Miles 
By Commodity Group and Distance Shipped, 1967 Data* 

Distance of Travel 

Commodity Loca- Less Than 
Group tion 300 Miles 

ALL COMMODITIES 
Texas 3.6 
u.s. 12.8 

FOOD AND KINDRED PRO-
DUCTS 

Texas 42.0 
u.s. 18.8 

APPAREL & OTHER 
FINISHED TEXTILE 
PRODUCTS 

Texas 8.4 
u.s. 9.6 

FURNITURE 0 FIXTURES or 
Texas 12.0 
u.s. 10.3 

PULP J PAPERJ AND 
ALL! ED PRODUCTS 

Texas 26.4 
u.s. 12.5 

CHEMICALS AND ALLIED 
PRODUCTS 

Texas 8.2 
u.s. 17.3 

PETROLEUM AND COAL 
PRODUCTS 

Texas 1.8 
u.s. 5.6 

RUBBER AND MISCEL-
LANEOUS PLASTIC 
PRODUCTS 

Texas 2.0 
u.s. 10.5 

STONEJ CLAYJ AND 
GLASS PRODUCTS 

Texas 47.2 
u.s. 42.8 

PRIMARY METAL PRODUCTS 
Texas 15.8 
u.s. 24.2 

FABRICATED METAL 
PRODUCTS 

Texas 20.9 
u.s. 19.8 

MACHINERYJ EXCEPT 
ELECTRICAL 

Texas 11.6 
u.s. 10.0 

TRANSPORTATION 
EQUIPMENT 

Texas 30.8 
u.s. 15.5 

* Data do not include pipeline transportation. 
Source: Reference 11 

4C 

300-499 
Miles 

2.0 
9.6 

19.8 
14.0 

3.4 
11.8 

14.3 
15.3 

16.3 
11.4 

4.6 
14.8 

1.0 
4.0 

5.1 
12.7 

22.6 
19.5 

9.9 
17.3 

16.8 
17.0 

11.7 
12.0 

22.4 
18.4 

Over 
500 

94.4 
77.6 

38.2 
67.2 

88.2 
78.6 

73.8 
74.4 

57.3 
76.1 

87.2 
67.9 

97.2 
90.4 

92.9 
76.8 

30.2 
37.7 

74.3 
58.5 

62.3 
63.2 

76.7 
78.0 

46.8 
66.1 



Table I-19: Percent Distribution of Intercity Ton-Miles By 
Commodity Group and Shipment Size, 1967 Data 

Commodity Group 

JUl Co1mnodi ties 

Food &id Kindred Products 

Apparel and Other Finished 
Textile Products 

Furniture and Fixtures 

Pulp, Paper and Allied Products 

Chemicals and Allied Products 

Petroleum and Coal Products 

Rubber and Miscellaneous 
Plastic Products 

Stone, Clay, and Glass Products 

Primary Metal Products 

Fabricated Metal Products 

Machinery 

Transportation Equipment 

Source: Reference 11 

Less 

Shipment Size (pounds) 

Than 60,000 60,000 and Greater 

28.4 71.6 

42.7 57.3 

94.1 5.9 

96.1 3.9 

37.8 62.2 

48.7 51.3 

2.8 97.2 

90.9 9.1 

46.0 54.0 

32.2 67.8 

74.3 25.7 

77.9 22.1 

73.3 26.2 

shippers evaluate when considering alternative modes. Larger size ship-

ments tend to be more adaptable to rail or water movements. Neither 

shipment size nor distance of shipment directly affect the fuel economy. 

Both these factors are allocative devices. However, changes in relative 

price of fuel between the modes will affect the economics of transport 

and influence the decision making process. 
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Table I-20 shows the distribution of intercity ton-miles by mode 

and weight category. Of the total rail shipments, 77.6 percent were more 

than 60,000 pounds while 22.4 percent were less than this weight. Ship-

ments by motor trucks, however, were predominately less than 60,000 

pounds. Water shipments were almost all in the larger category while 

the reverse was true for air shipments. 

Table I-20: Percent Distribution of Intercity Ton-Miles By 
Mode and Weight Category, 1967 Data 

Shipment Size (pounds) 
Mode Less Than 

60,000 

Rail 22.4 

Motor Carrier 86.1 

Private Truck 88.8 

Water 1.4 

Air 95.7 

Figure I-10 shows the average 

miles a ton of freight is transported, 

by mode, for both the U.S. and Texas. 

The estimates are based on a 1967 

publication (11). Texas and total 

U.S. average haul are approximately 

identical for two of the three cate-

gories. There is a difference in 

the average haul per ton by private 

truck, however. 

60,000 And 
Greater 

77.6 

13.9 

11.2 

98.6 

4.3 

6501 

600] 

550 

500 

450 

400 

350 

'i 
300 

250 

:oo 

1 ~[' 

)(\() 

50 

IJqurl' r 10 

42 

11,\lll :\>r r,", ot 
I ,Wlll'r1111 tIt'~, ',y 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

T 

RAIL 

MJTOR 
CARRIER 

PRlVA:t 
TRUCK 



Table I-21 presents the average length of haul by commodity group 

and mode for Texas and the U.S. Only cornmodi ty groups for which there 

were U.S. and Texas comparisons are presented in Table I- 21. In eight 

categories the average rail movement for Texas exceeds that for the U.S. 

In all the categories the average miles a ton of freight is hauled by 

motor carriers in Texas is greater than the U.S. average. Private trucks 

in Texas exhibit this same characteristic. A comparison of the average 

haul per ton for all commodities, however, indicates differences only in 

the area of private trucking. 

It is apparent that some comnodity groups moving by rail have a 

longer average haul than the average of all commodities transported by 

rail. This is also true for some comnodi ty groups moving by other 

modes. While rail is usually considered the more efficient mode for 

long hauls (over 200-300 miles) and is certainly more energy fuel 

efficient when measured by the ton-mile fuel ratio, long distance move­

ment by truck may be efficient when other variables are considered. 

A comparison of the average length of haul by the various commodity 

groups by mode reveals only small variations. For example, the average 

length of haul for a ton of "Rubber and Miscellaneous Plastic Products" 

is approximately the same regardless of mode. Conversely, "Petroleum 

and Coal Products" have a longer average haul when transported by rail. 

Traffic shifts cannot be predicted, nor tonnage allocations made, 

on the basis of distance hauled; there are other variables and factors 

which users consider in the decision making process. Marketing requirements 
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Table l-21: Average Length of Haul by Conunodity Groups, 1967 Data, 
In Mi lcs* 

Mode of Travel 
Cormnodity Loca- Rail ~1otor Private Ai.r Water All 
Group tion Carrier Tntck Others 

ALL COMMODITIES 
Texas 544 276 209 1172 
u.s. 549 270 152 815 654 

FOOD AND KINDRED 
PRODUCTS 

Texas 286 572 177 1424 399 
u.s. 559 360 144 517 199 

APPAREL & OTHER 
FIN I SHED TEXT! LE 
PRODUCTS 

Texas 948 624 523 916 
u.s. 631 543 265 1275 2750 735 

FURNITURE & 
FIXTURES 

Texas 521 570 464 
u.s. 780 498 273 2220 596 

PULP, PAPER, AND 
ALL! ED PRODUCTS 

Texas 449 386 172 
u.s. 695 281 132 913 125 

CHEMICALS AND 
ALLIED PRODUCTS 

Texas 723 325 185 714 103 
u.s. 506 271 135 529 293 

PETROLEUM AND 
COAL PRODUCTS 

Texas 522 166 151 1200 
u.s. 462 117 99 832 

RUBBER AND MISCE~ I 
LANEOUS PLASTIC 
PRODUCTS 

Texas 894 849 718 842 
u.s. 766 476 279 879 2300 923 

STONE, CLAY, AND 
GLASS PRODUCTS 

Texas 344 166 182 286 
u.s. 288 137 107 750 130 

PRIMARY METAL 
PRODUCTS 

Texas 813 326 395 350 1100 
u.s. 429 232 203 613 351 

FABRICATED METAL 
PRODUCTS 

Texas 622 368 313 1156 317 385 
u.s. 567 341 177 934 635 425 

MACHINERY, EXCEPT 
ELECTRICAL 

Texas 1142 593 431 1239 1231 503 
u.s. 833 513 355 1067 5550 667 

TRANSPORTATION 
EQUIPMENT 

Texas 495 266 351 1192 341 
u.s. 609 259 282 607 3743 454 

Source: Computed for 1967 Census of Transportation, Commodity Transportation 
Survey, Reference 11. 

Data do not include pipeline transportation. 
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and nonquantifiable aspects of transportation such as service, dependa­

bility, and availability are part of the decision making process. In 

addition, governmental regulations and the pricing policies of the various 

modes influence the traffic allocation process. 

Opportunities for ModaZ Shifts 

Data presented in the previous section indicated certain charac­

teristics of the freight movement on a commodity basis. Information was 

developed which defined the current shipping patterns by manufacturing 

commodity groups. These patterns have evolved on the basis of user require­

ments and comparative total costs. It nrust be assumed that the current 

patterns are indicative of rational behavior on the part of the user. 

TWo major assumptions are involved in identifying that part of the 

freight traffic flow which may be adaptable to movement by an alternative 

mode. They are: 

• large size shipments tend to move by the more energy efficient 
modes,: either rail or water; and 

• as the shipment distance increases, so does the tendancy to use 
either rail or water. 

These assumptions are based on physical and economic constraints 

associated with the competing modes. The percent of the various com­

modities moving by truck and rail has been defined. Assuming that long 

distance shipments (over 500 miles) and bulk shipments (over 60,000 pounds) 

are susceptible to service by rail, an estimate of potential modal shifts 

is developed. It should be stressed that these are only estimates of po­

tential shifts which might be expected or encouraged under the existing 
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set of policy constraints. Change in policy, as well as economic adjust­

ment in fuel prices or fuel availability, will result in a reevaluation 

of available alternatives by the users. 

Assuming that air and truck are relatively fuel inefficient while 

water and rail are relatively fuel efficient, commodity areas that may 

be adaptable to shipment by a more fuel efficient mode, based on the 

weight and distance assumptions discussed previously, are presented in 

Table I-22. This table presents, by commodity group, the percentage of 

shipments presently moving by fuel efficient modes (column 1) and, based 

on the weight and distance assumptions, the percentage of shipments that 

are adaptable to shipment by the more fuel efficient modes (column 2). 

Thus, by subtracting the values in coltmlil 2 from those in coltmlil 1 , an 

indication of possible modal shift is determined (column 3). If the 

percentage in column 3 is positive, it is assumed that no shifts are 

possible; more traffic is presently moving by the fuel efficient modes 

that would be expected. Conversely, if the percentage in column 3 is 

negative, some potential for modal shift may exist; less traffic is 

moving by the fuel efficient modes than might be expected. Only two 

commodity groups have negative percentages that may be interpreted as 

opportunities for modal shifts. It is important, however, to recognize 

that traffic allocation to the modes may be subject to several variable 

factors. Marketing requirements may exert as much if not more jnfluence 

on modal selection than either shipment weight or distance. The two 

commodity groups with a negative percent may, in fact, be subject to 

marketing considerations which would make changes in the modal split ir~p­

propriate. 
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Table I-22: Estimates of Potential Mxlal Shifts By Conrrnodity Group, 1967 Data* 

Coltunn. 1 Column 2 
1-· 

Percent Presently Mbving Percent Available For 
Commodity By Fuel Efficient .Mode MJve:rrent By An 

Group 
-f--

(Rail or Water) Energy Efficient M:lde* 

All Commodities 96.3 71.6 

Food and Kindred Products 54.2 38.2 

Apparel and Other Finished 
Textile Products 0.6 5.9 

Furniture and Fixtures 3.2 3.9 

Pulp, Paper, and Allied 
Products 63.8 57.3 

Chemicals and Allied Products 88.5 51.3 

Petroleum and Coal Products 99.3 97.2 

Rubber and Nascellaneous 
Plastic Products 34.4 9.1 

Stone, Clay, and Glass Products 44.6 30.2 

Primary Metal Products 72.4 67.8 

Fabricated Metal Products 34.9 25.7 

r.bchinery, Except Electrical 22.7 22.1 

Transport Equipment 38.8 26.2 

* Smaller percent of weight or distance criteria (U.S. totals) 
* Data for pipeline transportation not included. 

Colunm 3 
Potential Shifts 

(Column 1-Column 2) 

+24.7 

+16.0 

- 5.3 

- 0.7 

+ 6.5 

+37.2 

+ 2:1 

+25.3 

+14.4 

+ 4.6 

+ 9.2 

+ 0.6 

+12.6 
·-

I 
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The data presented in Table I-22 were developed from Table 1-17 and 

I-18 or I-19. Using the actual modal distribution as presented in Table 

I-17 and the smaller of the corresponding percentage estimates in Table 

I-18 and I-19, opportunities for modal shifts were identified. 

It appears that given the existing modal characteristics, efforts 

directed toward voluntary shifts in the traffic pattern will be of little 

benefit. This however, does not imply that shifts would not occur 

given the application of same external force resulting in a reordering 

of the array of alternatives. Indeed, under present pricing and policy, 

the current modal split represents the combined decisions of users and is 

assumed to be a rational decision. As previously stated, factors such 

as service, dependability and availability influence shipper decision and 

interact with prices in determining traffic allocation. 

Conclusions 

Intercity goods movement presently consumes 14 percent of the trans­

portation fuel used in Texas. Over half of this fuel is used by motor 

trucks. 

Based on existing operations, the fuel efficiencies of the various 

modes of intercity goods movement differ. Pipeline, water, and rail are 

relatively fuel efficient modes. Trucking is less fuel efficient while 

air is highly fuel inefficient. 

Intercity ton-miles of transport have been increasing; between 1940 

and 1971, U.S. intercity ton-miles of travel increased at an annual com­

pound rate of 3. 7 percent. On a national basis, rail has, during this 
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time period, been the primary mode of intercity goods movement. 

It is estimated that in 1970, nearly 180 million ton-miles of 

transport occurred in Texas. Over SO percent of these ton-miles were 

served by pipelines. Motor trucks served 15 percent and railroads 

26 percent. 

In the future, intercity ton-miles of transport will continue to 

increase. By the year 2000, it is estimated-that in Texas, rail will 

transport 110 billion tan-miles and truck will serve 81 billion ton-miles. 

In Texas in 1970, over one billion gallons of fuel were used in 

intercity goods transportation. Motor trucks and railroads consumed over 

750 million gallons. In the year 2000, rail and truck will, based on 

existing fuel efficiencies, consume over two billion gallons. The percent 

of intercity goods movement fuel being consumed by trucks is increasing. 

Intercity goods movement consumes only 13.8 percent of all transportation 

fuel used in Texas. The results of these analyses indicate that rather 

drastic policy changes would be required to stimulate a significant modal 

shift. It will be quite difficult to effect more than a one percent 

savings in total transportation fuel consumption through modal shifts in 

intercity goods movement. 
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II. URBAN FORM AND TRANSPORTATION 
fUEL EFFICIENCY 
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II. Urban Form and Transportation Fuel Efficiency 

* Fuel Efficiency of Urban Transportation Modes (l,~ 

Vehicular transportation in urban areas is provided primarily by the 

auto and the bus. In a few urban areas, rail transit is also a significant 

means of transportation. The fuel efficiency, expressed in passenger miles 

per gallon of gasoline or its equivalent, of each mode is highly dependent 

on the number of persons using the mode at any given time. There is a differ­

ence between the average daily fuel efficiency, the fuel efficiency during 

peak periods, and the maximum potential fuel efficiency of each mode. The 

efficiencies shown in Figure II-1 (~ reflect the number of persons occu-

pying each modal vehicle at different times of day. 

In the United States, rail transit provides the most energy efficient 

means of urban travel; however, it operates in only a few major, densely 

populated cities. The bus is 

the next most fuel efficient 

mode of travel, and the auto 

is the least fuel efficient 

mode of urban transportation. 

It should be emphasized that 

the data presented in Figure 

II-1 are based on the opera-

tions of existing systems, 

Passenger 
Auto 

Transit 

'" 

Ra1l 
Transit r· .. I : . 

20 40 60 ao 1oo 

Pasunger Miles Per Gallon of Fuel 

Source: Reference 2 

figure II·1 Energy Efficiencies of Urban Passenger 
Transport Modes 

.: 
120 

which operate within compatible urban fonns. These are not the fuel 

efficiencies tl1at would be achieved if transit were operated along less 

compatible routes or in an urban form less conducive to transit ridership. 

*denotes reference number listed at end of section 
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In general, if transportation energy savings are the primary consideration, 

shifts in urban development that would result in more transit usage should be 

encouraged. This will require increases in the intensity of urban development. 

Transportation/Land Use Relationship (~ 

Urban development and transportation are integrally related. Recognition 

of this relationship is essential to the planning of both urban development 

and transportation systems. A decision with respect to one of these factors 

carries with it a limitation on the rational decisions that may be made with 

respect to the other. Thus, if transit usage is to be encouraged for energy 

reasons, basic changes in urban development must also be encouraged. 

A dispersed urban development similar to that of Houston and Dallas 

(consisting primarily of single family homes) cannot be economically or 

efficiently served by a major rail transit system. Conversely, intensely 

developed urban areas such as New York City (a heavy dependence on multi-family 

dwelling units), cannot be served solely by an automobile oriented trans­

portation system. The relationship between types of urban development and 

compatible modes of transportation is presented in Figure II-2. Although 

this relationship is oversimplified, a realization of this concept is 

essential in relating urban development and transportation. 

Urban Development/Population Density Relationships (~ 

The residential development in different urban areas in the United 

States has resulted in different intensities of urban development. 
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Source: Reference 3 

Figure II-2: Transportation/Land Use Relationship 

Population density is, perhaps, the most commonly used descriptor of the in­

tensity of urban development. It is usually expressed in persons per square 

mile (ppsm) and represents total urban population divided by total urban land 

area. 

Different types of residential development result in different urban 

area population densities (Table II-1). Development in Texas is centered 

around the single family housing unit; correspondingly, the population den­

sity of Texas cities lies between 2500 and 3500 ppsm. 

The population density of an urban area is not a function of the popu­

lation of the urban area (Figure II-3). It is more properly a function of the 

age of the city and the type of transportation that was available when the city 

experienced significant growth (±). 
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Table II-1 Examples of Population Densities Associated 
With Various Residential Developments 

Type Of 
Resident i a 1 
Deve 1 opment 

Single Family 

Single Family 

Single Family 

TownhOl.lse 

fownhouse 

Garden 
Apartment 

Garden 
Apartment 

"-tlti-Story 
Apartment 

Source: 

Net Popu 1 at ion 
Assumed Ave. Density Within 

Sq. Ft. Of lot Dwelling The Residential 
Per Owe 11 i ng Units Per Deve 1 opment 

Description Of Development Unit Acre (ppsm) 

Large house in well-to-do 
neighborhood 32,000 2,200 

Relatively large house in 
middle c I ass neighborhood 16,000 4,400 

Average new sub-division 
development 9,000 3. 67 8,000 

Relatively large 
individual units 3,000 10 16,000 

Relatively small 
individual units 2,000 14 22,400 

Typical 2-Story deve I opment 15 19,000 

Typical 3-Story development 25 32,000 

12 Story high rise apartment 
development 

Reference 3 

~ 
0 ., 

0 

·1 
1 
I 

'1 
oL 

Source Refer-ence 6 

85 

• • 

• • • 
• • .. • • • .. :.· ... • • • •• • 

-,-
5 

l\l70 ropulatioo ::JensHy of SMSA Urban Area 
{1000's of ppsm} 

Population Versus PoPIJh.tion Oen$1ty 
for Major U.S. Urban .A.reil!., 1970 
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92,500 

• 

Correspond i ng 
Population 

Density Of The 
Urb~n Area 

(ppsm) 

880 

1. 750 

3,200 

6,400 

9,000 

7,600 

13,000 

37,000 



Trends in Population Densities (~,~,Z) 

Cities in the United States have been trending toward lower population 

densities. The average decline in population density for suburban regions 

and central cities in the nation is depicted in Figure II-4. 

Transportation has permitted these decreased densities to occur. In 

the early development of many cities, walking was the prime means of trans-

portation. As a result, 
10 

people crowded into a 

relatively small land 

area. Transit routes r Average Central City Population Density 

allowed development to 

spread out along corri- \._ Average Suburban Population Density 

dors. Still, however, 
1950 1960 1970 

people lived within Year 

walking distance of a 
Source: References 6 and 7 

Figure II-4: Historical Trends In Urban Population Densities 

transit line. The auto-

mobile allowed urban development to become highly dispersed. The suburban 

development trends shown in Figure II-4 represent the densities character-

istic of auto development. 

The automobile has received much criticism due to the dispersed 

development associated with it. However, the auto did not cause the lower 

density development but merely provided a means for people to pursue their 

individual desires -- living in single family dwelling units. Thus, if higher 

density living is to be encouraged as a means to increase transit use and 
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decrease auto use, the existing development trend to lower densities will need 

to be arrested and reversed. 

Fuel Consumption As Related to Urban Density 

The effect of alternative urban developments on fuel consumption per 

person is evaluated in this section. Population density, expressed in 

person per square mile (ppsm), is used as the descriptor of the intensity 

of urban development. 

Auto FueZ Consumption Per Person 

Urban transportation studies (~,2) conducted in United States cities 

have determined that as population density increases, auto trips per dwel­

ling unit and per person decrease. The apparent reason for this occurrence 

is that as density increases more trips are made by walking and transit. 

Trip making rates, as determined in previous transportation studies, 

can be updated to reflect temporal changes (!Q_) , thus approximating current 

trip making rates. Using this 

infonnation, an estimate was 

formulated relating the number 

of auto trips per person and per 

dwelling unit per average week-

day to urban population density 

(Figure II-5). Trips per person 

were obtained by dividing trips 

per dwelling unit by 3.2 (~. 

Traffic counts compiled by the 

10 

F Tr1ps/Person 

+-----~--~--~~~~~------~--· 

Source: kef......ees 8, 9. 10 

4 5 Iii 7 8 9 10 

Population Density 
(lOCO's of ppu1) 

Ft~Unt li-5: "-1at1onsh1p BtltwHn Prtt.llber of Al.lto Tr1ps and 
Urbtn Populattor~ o.ns1ty 

zo lO 

Texas Highway Department (11) indicate that the volume of weekend travel does 
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not differ appreciably from weekday travel in urban areas; thus, the values 

in Figure II-5 can be multiplied by 365 to approximate annual trips per person. 

From Texas data(~, the average auto trip length in larger urban areas 

(developed at densities of about 3000 ppsm) is known to be approximately 5 

miles. For a given urban population, urban land area will decrease as pop-

ulation density increases. Assuming that trip length will decrease accord-

ingly, the effect of population 

density on trip length is esti-

mated in Figure II-6. An esti-

mate of auto vehicle-miles of 

travel per year per person is 

developed by multiplying annual 

auto trips per person times 

average trip length. Assuming 

urban auto fuel efficiency to 

be 10 mpg, this is converted to 

gallons of auto fuel consumed 

Assumes A Constant 
Urban Population 

Figure II-6: 

4 5 6 7 8 910 20 

Population Density 
(1000's of PPSM) 

Relationship Between Average Auto 
Trip Length and Urban Population 
Den!ity 

per urban resident at various population densities (Table II-2). 

Transit FueZ Consumption Per Person 

Studies have shown that as population density increases, auto owner-

30 

ship decreases and transit usage increases. This results in a corresponding 

increase in transit fuel consumption per person per year. 

To determine this relationship, data for individual cities were evaluated. 

Population densities and total transit fuel consumption for each city were 
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Table II-2: Estimated Annual Urban Auto Fuel Consumption Per 
Urban Resident By Urban Population Density 

Population Annual Average Annual .A:rmua.1 
Density Urban Auto Trip Length Urban Auto Urban Auto 
(ppsm) Trips/ (miles) Miles/ Fuel Consumption 

Person Person Per Person (gallons) 

2500 950 5.4 

I 
5130 513 

' 
5000 

I 
875 3.9 3410 341 

10000 800 2.8 2240 224 

15000 770 2.3 1770 177 

20000 750 2.0 1500 150 

25000 730 1.8 1310 131 

determined (~,12). In those cities that use rail transit, kilowatt-hours of 

energy were converted to equivalent gallons of gasoline (~. 

The relationship between annual transit fuel consumption per person 

and population density is presented 

in Figure II-7. The relationship 

is linear; as population density 

doubles so does transit fuel consump-

tion per person. 

Total Fuel Consumption Per Person 

By totalling transit fuel and 

auto fuel consumed per person per 

year, the relationship between total 

Source: References 6,1: 

Pop~.< 1eti0n Der1sity 
(1000's of PPSM' 

22 24 26 28 

Figurllt Il-l. Per Car>it6 Transit fue1 Conso.tmption As Relatej 
To Urban Popu1;.tior. Density 

per capita fuel consumption and population density is developed (Table Il-3). 

These data are presented graphically in Figure II-8. 

60 



Table II-3: Estimated Total Annual Fuel Consumption Per 
Urban Resident By Population Density 

Population Annual Auto Annual Transit Total Annual 
Density Fuel Consumed Fuel Consumed Transportation 
(ppsm) Per Person Per Person Fuel Consumed 

(gallons) (gallons) Per Person 
Igallons) 

2500 513 2 515 

5000 341 4 345 

10000 224 9 234 

15000 177 13 190 

20000 150 17 167 

25000 131 22 153 

Maximum Fuel Savings Related to Urban Development 

As indicated by the previous discussion, as urban development increases 

in density and becomes more transit 

oriented, the demand for transportation 

related fuel decreases. The magnitude 

of transportation fuel savings that 

could be realized by altering urban form 

from being entirely auto oriented (the 

least fuel efficient mode) to being 

entirely rail transit oriented (the most 

fuel efficient mode) is determined in 

this section. 

A previous Texas Transportation 

Inst i tutc report (~) developed the char-

600 

500 

400 

300 

200 

1~ j 
80 4 
70 

60 

50 

40 

30 

Tota: Transportation 
~ Fuel Consumed 

"'"'-...::-....: 

',, 
......................... 

..... ,i' .... 

Auto Fuel 
CoMumed 

10+----------~-----
3 4 5 6 7 a g;o 

~'opulat1 ()r' DenSlt)' 
~1000's of PPSM/ 

lO 30 

Fi~ure IO-R -Vi.,ua1 "'"ranspartati0!'1 ~l.IE'l COI"osumotioo Per 
:>ersOI'" As Related t~ Pop~,;latH)f' :ler-s'~J 

:-lvtt"'\'i~~t k~: (q· hoth t~lk'S \."'f cities. Cities could be designed to be Strved. 
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adequately by either mode, but they would require totally different urban 

fonns. City form for a city of one million persons might resemble that shown 

in Figure II-9. The auto city would be similar to existing Texas urban areas. 

There are no entirely rail transit oriented cities. A summary of some of the 

major urban characteristics of the two types of cities is provided in Table II-4. 

CENTRAL tu.TIV/TY 
, r!>r~lt 

aca~c ( Mn.u) 

0 

Rail Transit City 

Source: Reference 3 

10 

Auto City 

Figure II-9: Comparisons of Urban Form for 
a City of One Million Persons 

The auto city would consist of single family residential areas. All 

transportation would be provided by the private auto; arterial streets and 

freeways would acconmodate the travel demand. 
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Table II-4: Characteristics of Auto and Rail City 
for One Million Population 

Characteristic Auto City Rail Transit City 

Type of Residential Structure Single Family Houses 10 Story Apartments 

!Land Area, Sq. Mi. 330 46 

!Population Density, ppsm 3000 22,000 

Source: Reference 3 

In the rail transit city, people would live in residential nodes con-

taining about 25,000 persons and occupying about one square mile. These 

nodes would cluster around transit stations. Many trips would be served by 

walking or bicycling; the remaining trips would all be served by rail transit. 

The two different cities would require different energy levels to 

provide the needed mechanical transportation. Required fuel for the auto city 

is calculated as follows. 

• A city of one million would have approximately 500,000 autos (3). 
Each auto might travel 10,000 urban miles per year. -

• This would result in 5. 0 billion vehicle miles. Assuming a fuel 
efficiency of 10 mpg, 500 million gallons of fuel per year would be 
needed. 

• This results in an annual requirement of 500 gallons of transportation 
fuel per urban resident. 

Required fuel for the rail transit city is calculated as shown below. 

• The rail transit city would require 4000 transit cars to provide 
the needed service (~ • 

• Each vehicle would travel 20,000 miles per year (3). Annually, 
80 million vehicle miles would be operated. 



• 5.5 kilowatt-hours of energy are required per vehicle mile (13). 
This converts to 0.45 equivalent gallons of gasoline per vehicle 
mile (~. 

• 80 million vehicle miles @ 2. 2 mpg equals an annual fuel consumption 
of 36 million gallons of gasoline, or approximately 36 gallons per 
person. 

Thus, in an entirely auto oriented city, the average resident consumes 

500 gallons of transportation fuel per year. In the entirely rail transit 

city, the average resident consumes only 36 gallons of fuel per year, al­

though he also does much less mechanical travel. Thus, in shifting from 

an all auto to an all rail transit city, transportation fuel use can be 

reduced by over 90 percent. 

Although these potential transportation fuel savings are impressive, 

it should be emphasized that they are associated with a form of urban develop­

ment unlike any that currently exist. Such an urban development could be 

created only with absolute governmental land use controls. 

Even in New York City, which has the most extensive rail transit system 

in the Western Hemisphere, per capita fuel consumption is well above that 

previously estimated for the rail transit city. In this relatively densely 

developed urban area, transportation fuel consumption is still heavily auto 

oriented. Estimated per capita transportation fuel consumption in New York 

City is presented in Table II-5 (~,14). 

It appears that large scale fuel savings will not result merely by 

superimposing a rail transit line over an existing urban form. Such savings 

accrue only when the urban area is oriented toward massive service by a rail 

transit system. For example, by making the assumptions listed below, it is 

estimated that, by constructing a rail transit line through the Houston 
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Table II-5: Estimated Arwual Per Capita Transportation 
Fuel Consumption in New York City 

,--------..,.~----A-J.:m-ual Per Capi-ra Transportation 
Mode of 

Travel 
~ Fuel Consu~ption 
i Equivalent Gallons 1 Percent of Total 
I of Fuel : 

Auto 125 84 

Transit 23 16 

central business district operating primarily within Loop 610, total trans-

portation fuel consumption in Houston would be reduced by less than 0.1 percent. 

• The transit line might reseml-,le the Lindenwold Line, a rail 

transit line operating in the metropolitan Philadelphia area. 

• This route serves about 9 million passengers per year (15) . A.ssum­

ing that 50 percent of these trips would be diverted auto traffic 

(16), some 4.5 million auto trips per year would be eliminated. 

• Assuming an average trip length of 5 miles, 22.5 million vehicle 

miles of auto travel would be eliminated. At 10 mpg, auto fuel 

consumption h'ould be reduced by 2. 25 million gallons. 

o Approximately 3 million vehicle miles of rail transit service would 

be required to provide the needed service (15). At 0.45 equivalent 

gallons of gasoline per vehicle mile (_S), about 1.35 million gallons 

of transit fuel would be utilized. 

• A total annual transportation fuel savings of 0. 9 million gallons 

(2. 2 5-1. 35) would be realized. 

• Using Table II-3, total annual transportation fuel consumption for 

Houston is estimated (population r.J 2,000,000; population density 
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~3100 ppsm) to be 944 million gallons per year. (470 auto gallons 

per capita per year, 2 transit gallons per person per year; 472 

gallons per capita per year x 2,000,000 people = 944 million gallons 

per year). 

• Thus, provision of the rail transit line would reduce total trans­

portation fuel consumption in an area similar to Houston by less 

than 0.1 percent (0.9 + 944). 

Conclusions 

The fuel efficiencies of urban travel modes differ. Rail transit is 

the most efficient mode, bus transit is the next most efficient means of 

urban travel, and the auto is the least efficient mode of transportation. 

Transportation and land-use development are integrally related. Changes 

in urban development that will encourage increased transit ridership will 

reduce the demand for urban transportation fuels. 

If increased transit usage is to be fostered, actions should be under­

taken to increase the population density of urban areas. These actions 

would need to be quite strong, as the recent trends in urban development 

have been toward lower population densities. 

Merely increasing transit availability without providing corresponding 

alterations in urban form may have little or no effect on transportation fuel 

consumption. For example, superimposing a rail transit line through metro­

politan Houston would reduce total transportation fuel consumption in that 

area by less than 0.1 percent. 
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Transportation fuel consumption per capita does decrease significantly 

as population density increases. As population density increases from 2500 

to 25,000 persons per square mile, annual per capita urban transportation 

fuel consumption decreases from 513 to 153 gallons. 
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III. Automotive Fuel Efficiency 

One fourth of the U.S. energy consumption is fuel consumed by transpor­

tation (1)*. The private automobile consumes 75 percent of transportation 

fuel. In evaluating alternative programs to reduce transportation fuel con­

sumption, it is appropriate that the feasibility of improving auto fuel 

efficiency be investigated. One means of increasing this efficiency is by 

altering vehicle design. This chapter discusses vehicle design and its 

effect on auto fuel efficiency. 

Due to the large percentage of transportation fuel used by the private 

auto, improved auto fuel efficiency can significantly reduce the volume of 

fuel consumed by transportation (Figure III-1). For example, a 20 percent 

increase in auto fuel effi-

ciency would reduce total 

transportation fuel consump-

tion by 13 percent. 

Trends In Auto Weight 

The primary factor in-

fluencing fuel economy is 

vehicle weight(~. Buyer's 

demands for greater comfort 

and improved "ride" have led 

to an increase in average 

30 
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20 
~ 
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~·- 10~ ~~ 
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L Percent increase In Auto Vehicie Efficiency 

riqure III-1: Effect of Increases In Auto Fuel Efficien(.y On 
Total Statewide Transportation Fuel Consumption 

* Denotes number of reference listed at end of chapter. 
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weight. Recently, the imposition of 

required safety devices has further 

influenced this trend Cl). The recent 

trend toward heavier vehicles for 

4500 

4000 

Standard--..... 

three different types of autos is shown ~' 3500 

i 

in Figure III-2. 

Standard Size --.__. ,'' 
Chevrolet --..., ..,.' 

, ........ 

...... 
'"--standard Size 

Ford 

3500 

3000 L-------L-----'-----'------1 
1958 1962 1966 

Model Year 

Reproduced from Reference 4 

1970 1973 

Figure lll-3: Vehicle We'ght By Model Year, 
Standard Size Cars 

Although the trend has been 

toward increasing weight of 

specific models, there has 

also been an increase in 

sales of smaller models 

(Figure III-4). In 1973, 40 

percent of all new passenger 

cars weighed between 2000 

and 3000 pmmds (5). Sales 

50 

40 

30 

20 

10 

"' u 

.<= 

"' > 

3000 

2500 .____._ _ __.__L___._ _ _L _ _._____j_~ 

1966 1968 1970 1972 

Year 

Reproduced from Reference 2 

Fioure III-2: Trends In Vehicle Weioht for Three 
Specific Vehicles, 1968-1974 

1974 

From available data, vehicle weight 

trends since 1958 are identified. 

The most popular standard size cars 

in America have gained approximate-

ly 1000 poun~s since 1958 (Figure 

III-3). 

-----...... 
' ' 
"--..-----~Regu1ar and High 

"' ' .c..Passenger & Intermediate '" 

---.....___ 4:,~ 

Compact/ -------·---, -
Sport ~ .,.,,.-....,..... .,/ 

----~' -,, ~-'' 
-- •••••••••••••••·•·•• ··-'':":::'::':'.':"",!7."1t"::'"············ .. ·••••·• 

·····;~;~~:) = 1968 1969 1970 1971 1972 1973 1974 * 
YEAR 

* data for first f1 ve months 

Source: Motor Vehicle Manufacturers Association 

Figure 111-4: Trends In New Car Deliveries By Price-Product Groups, 1968-1974 
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of s tanda.rd and medium cars , as 

a percent of total cars sold, 
4000 

fell approximately 20 percent 

during ~~e first half of 1974 3500 

I 

(0. 

'Ihe t-:cend of increased 

weight per model, however, has 

~ 
"0 

~00 f 
~ 

" 0 
0. 

~ 
~ 

"' ·:;; 
"" 

'"" f "' ~ 
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more than offset the trend to- 2000 

ward sJn.aller vehicles (Figure 
1500 __j_ _L__ __ __J 

III-5). As a result, average 1962 1966 1972 1970 

Year 

weig..ht per vehicle has increased. Reproduced from Reference 4 

Increased vehicle weight 

results li1 decreased auto fuel 

Figure 111-5: Average Vehicle Weight By Model Year, Domestic, 
Imports, and Total Passenger Cars 

efficiency. In general, sub-compacts are relatively fuel efficient while 

large 1 luxurf sedans are relatively fuel inefficient (Figure III-6). 

Effect of Emission Controls (4) 

Since emission con-

t:rol requirements were 

established~ the dif-

ference in fuel economy 

between heavy and light 

vehicles has increased 

significantly. Table 

III-1 indicates the 

change in fuel economy 

40 Sub-compact 

Luxury/ 

0 30 50 70 

Miles Per Hour 

Reproduced from Reference 2 

Figure III-6: Vehicle Fuel Economy, Steady Speed 
Operation on Level Road 
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between 1973 vehicles with emission controls and uncontrolled vehicles of 

similar size and weight. 

Table III-1: Change In Fuel Economy Due To 
Emission Controls 

Inertia Weight Class Percent Change In Fuel Economy 
(pounds) 

2000 +2.6 

2250 +0.9 

2500 +3.1 

2750 +2.3 

3000 +1.3 

3500 +3.0 

4000 -14.3 

4500 -13.7 

5000 -14.7 

5500 -18.1 

Source: Reference 4 

Vehicles with emission controls, weighing 3500 pounds or less, averaged 

a 2.2 percent (non-weighted average) improved fuel economy. There was an 

average decrease in fuel economy of 15.2 percent for all vehicles over 3500 

pounds. 

Other Factors Affecting Fuel Economy 

Although weight is the primary factor adversely affecting fuel economy, 

other factors also have a negative effect. The effect of those other factors 

is, however, substantially less than the weight effect. A partial list of 
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other factors that adversely affect auto fuel efficiency is presented below 

(4): 

• automatic transmission; 

• air conditioning; 

• power steering; 

• power brakes; 

• power seats; 

• power windows; and 

• power sliDroof. 

Trends in recent years have been toward increased use of these options CD . 

Trends In Fuel Economy 

Increased vehicle weight and increased use of power options have resulted 

in a decrease in fuel economy. The average fuel economy of all 1957 vehicles 

was 13. 7 miles per gallon ( 4) ; fuel economy had declined to 11. 7 miles per 

gallon for 1973 vehicles (Figure III-7). 

Effect of Vehicle Type of Fuel Consumption 

At present, the average auto achieves 

a fuel economy of approximately 14 rniles 

per gallon (§) • Urban driving const.nnes 

more fuel and reduces fuel economy to 

about 12 mpg (9) while rural driving im­

proves fuel economy to approximately 16 

mpg. Table III-2 presents characteristics ,f 
of selected 1975 model cars. 
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Table :rr-2: Characteristics of Selected 1975 Model Automobiles 

r-------------.,-----------;---------,-----;----,-~---,---,------

1

' li fuel Economv Fuel Efficiency* Eng:ine No. of Curb*" Horse- Weight/ 
1975 Model (mi./gallon) (pass. mi./gallon) Size Cylinders , Weight Power Horsepower 

!urban ! Rural Urban Rural (cubic in.) (lb.) Ratio 
f--------t----+--+---t----+-----t--------1---t----J·---~ 

O!.evrolet Vega 

Volkswagen Dasher 

Ford Pinto 

1 zz I 20 33 ss 14o 4 24o4 75 32.1 

I 1.3 i 35 I 35 7G 109 

I lS I 26 I 27 52 l.tO 

4 2158 

2466 

72 29.9 

·,i 17 I 23 I 26 46 ' 22S 
16 I 21 24 42 I 250 

; I 

Dodge Dart 

n 18 19 36 350 

4 

6 

6 

8 

8 

8 

3400 

2~] 5 

4452 

3777 

4003 

88 

95 

91 I 
170 

145 

170 I 

28.0 

35.8 

32.0 

26.2 

26.0 

23.5 

Ford Maverick 

OldswDbile Delta 88 

Chevrolet M:mte Carlo 

Mercury M:mtego 

Chevrolet Chevelle 

I 14 II 18 21 36 I 350 

10 14 15 I 28 40C 
D 17 ~ ~ ~ 8 3877 150 25.8 

L
Lincoln Cont.inental 

Ford Torino Elite 
10 I 15 15 I 30 460 
10 16 lS 32 460 

8 5219 220 23.7 

8 3975 i 195 20.4 

assumes 1.5 persons per vehicle for urban driving and 2.0 persons per vehicle for nrral drivi'lg 

"'* equipped with automatic transmission and air conditioning 

Source: Reference 10, 11, 12 

Thus, a 1975 Chevrolet Chevelle (8 cylinder) is representative in terms 

of fuel economy, of the average vehicle presently on the road; if all autos 

on the road were 1975 Chevrolet Chevelles, transportation fuel consumption 

would not change significant-

ly. 

Shifts to more fuel ef-

ficient vehicles would reduce 

~~e consumption of transpor-

tation fuel. Figure III-8 

illustrates the effect of al-

ternative vehicle fleets on 

statffi~ide fuel consumption. 
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Conclusions 

Seventy-five percent of transportation fuel used in Texas is consumed by 

the private automobile. Therefore, improved auto efficiency can significantly 

reduce transportation fuel consumption. 

Auto weight is the primary factor influencing fuel economy. The trend 

has been toward heavier vehicles . Correspondingly, the trend has also been 

toward poorer fuel economy. 

Emission controls have not adversely affected the fuel economy of all 

vehicles. For vehicles weighing 3500 pounds or less, fuel economy has actu­

ally been improved by emission control devices. 

At present, the fuel econoiey experienced by a 1975 Chevrolet Chevelle 

(8 cylinder engine) is representative of the "average" vehicle on the road. 

Shifts to more fuel efficient vehicles can greatly increase fuel efficiency. 

For example, if a 1975 Ford Pinto (4 cylinder engine) were representative of 

the "average" vehicle, statewide fuel consumption would be reduced over 25 

percent. 
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APPENDIX A 
Estimates of Intercity Passenger Miles of Travel 

By Mode of Transportation 

This appendix documents the analyses and assumptions used in develop­
ing the values shown in Table I-1. Data for 1970 were utilized, and at 
least two independent estimations of passenger miles of intercity travel 
were made for each mode of transportation. These estimates were averaged 
to acquire a final estimate for each mode. 

Population data are tl1e basis of several computations in this appendix. 
In 1970, the population of Texas was 11.2 million while the U.S. population 
was 200.3 million. The population of Texas was 5.5 percent of the U.S. 
population (1).* 

Private Automobiles 

Estimate 1 -- U.S. Intercity Passenger MiZes 

• The population of Texas was 5.5 percent of U.S. population(!). 

• U.S. intercity passenger miles by private auto totalled 1,026 billion(~. 

• 1,026,000,000,000 X 5.5% = 56.4 billion intercity passenger miles 
by private auto in Texas. 

• This method assumes that intercity passenger miles by private auto 
in Texas were the same percent of U.S. intercity passenger miles by 
private auto as Texas population was of U.S. population. 

Estimate 2 -- Daily Texas Intercity ~Zes 

* 

• As the data available were for 1972, it was assumed that 90% of the 
1972 total would be representative of 1970 vehicle miles of travel 
on Texas highways (3). 

• Texas Highway Department manual count data reveal tllat approximately 
90% of daily intercity vehicle miles of travel are intercity miles 
of travel by private auto (includes pick-up trucks) (~. 

Refer to reference number listed at end of APPENDIX A. 
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• The following vehicle miles were assumed to represent intercity 
vehicular travel. 

19,705,596 
44,075,855 
11,978,322 

75,759,773 

• 75,759,773 
X 90% 

68,183,795 

• 68,183,795 
X 90% 

61,365,415 

Daily vehicle miles on interstate highways in 'fexas (3) 
Daily vehicle miles on state highways (3) -
Daily FAS vehicle miles on farm or rancli to market roads (3) 

Total daily intercity vehicle miles of travel in Texas in 1972 

Total daily 1972 intercity vehicle miles 

Daily intercity vehicle miles of travel in Texas for 1970 

(_~) 

Daily intercity vehicle miles of travel by private auto 
in Texas for 1970 

• Average occupancy of passenger vehicles in intercity travel is 2.3 
persons C_D. 

• 61;365,415 
X 2.3 

Daily intercity vehicle·miles of travel by private auto 
Average occupancy 

141,140,454 Daily passenger miles of intercity travel in Texas 

x 365 Days/Year 

51.5 Billion annual passenger miles of intercity travel in Texas 

• The basis for this estimate is total daily intercity vehicle miles 
of travel in Texas. However, only 90 percent of this sum is 
intercity travel by private auto .GQ • After deriving daily inter­
city vehicle miles of travel by pr1vate auto on Texas highways, 
the annual intercity passenger miles of travel are found by ex­
panding daily vehicle miles by the average number of passengers per 
private auto to get daily passenger miles and by the number of days 
per year to arrive at the total annual passenger miles of intercity 
travel by private auto in Texas. 

Final Estimate -- Avera~e 

• By averaging the two preliminary estimates, the final estimate was 
acquired. 

Estimate 

56.4 billion 
51.5 billion 

10719 billion 

~thad 

Estimate 1 
Estimate 2 

Total .;-. 2 
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Air 

• Final estimate of intercity passenger miles by private auto in 
Texas is 54.0 billion. 

Estimate 1 --· Ratio of EnpZanements 

CAB, Texas Enplanements (6) • 10,039,886 
+ 234,910 Texas Aeronautical Commission (TAC) enplanements (~ 
10,274,796 

• 169,668,000 
11,132 

169,656,868 

Texas Annual Enplanements 

Total U.S. enplanements (8) 
International enplanements (~ 
Annual Domestic U.S. enpl~ements 

• Total U.S. domestic intercity air passenger miles of travel in 1970 were 
119 billion (~ . 

Texas u. s. X Domestic U.S. Passenger Air • • = Enplanements Enplanements Passe~ger Air Miles Miles in Texas 

(10,274,776 • 169,656,868) X 119,000,000,000 

0.06 X 119,000,000,000 = 7.1 Billion 
Passenger Air 
Miles in Texas 

• Estimate 1 -- Ratio of enplanements is based upon the assumption that the 
percent of domestic U.S. enplanements represented by Texas enplane­
ments can be applied to U.S. passenger air miles to obtain an esti­
mate of the total passenger air miles for Texas. 

Estimate 2 -- PopuZation 

• The population of Texas is 5.5 percent of U.S. population (l). 

• Domestic U.S. Passenger Air Miles X 5. 5% = Passenger Air Miles in Texas 
119,000,000,000 (~ X . 0 55 = 6. 5 billion Passenger Air Miles in Texas 

• The basis for this estimate is the assumption that passenger air 
miles in Texas are equivalent to the same percent of domestic U.S. 
passenger air miles as the population of Texas is to U.S. population. 
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Railroads 

Between 1970 and 1973, significant decreases occurred in the voltnne of 

intercity rail travel. The 1970 estimates of travel are used in forecasting 

future travel for the various modes. However, this approach would be some-

what misleading for rail. lJ..s a result, both a 1970 and a 1973 estimate of 

rail ridership in Texas are provided. 

Estimate 1 -- Population 

19?0 

11.0 
-4.6 

6.4 
X 0.055 

352 

19?3 

2.99 
+ 0.13 

3.12 
X 0.055 

172 

Billion rail intercity passenger miles in U.S. (~ 
Billion miles of commuter travel (2) 

Billion intercity rail miles 
Texas population is 5.5% of U.S. population (1) 
Million rail passenger miles in Texas 

Billion intercity AMTRAK miles (10) 
Billion long distance intercity,1rron-AMfRAK (~ 
Billion intercity rail passenger miles. 
Texas population if 5.5% of U.S. papulation 
Million rail passenger miles of intercity travel in Texas 

Estimate 2 -- Share of the Market 

1970 

• l~il passenger service accounts for 0.54 percent of total U.S. 
intercity travel (~, 

• Final estimate for passenger miles of intercity travel by private 
auto in Texas was 54.0 billion. 
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Estimate 3 -- Vehiate Mites 

e Final estimate for passenger miles of intercity travel by private 
auto in Texas was 54.0 billion. 

• Passenger Miles 
of Intercity 
Travel by Pnivate 
Auto in Texas 

54.0 

54.0 

Percent of total 
X U.S. Intercity 

Travel by 
Air (~. 

X 10% f 86% 

X 

.. 
Percent of Total 
U.S. Intercity 
Travel by Private 
Auto (l) 

= 6.2 Billion Passenger 
Air Miles in Texas 

• The premise for Bstimate 3 -- Vehicle N.files is that the ratio 
of total U.S. passenger air miles of intercity travel to total 
U.S. passenger miles of intercity travel by private auto is the 
same as passenger air miles of intercity travel for Texas to 
passenger miles of intercity travel by private auto for Texas. 

FinaZ Estimate -- Average 

• 'rhe final estimate for passenger air miles of intercity travel in 
Texas was obtained by averaging the estimates computed by the 
three methods . 

Estimate Methods 

7.1 Billion Estimate 1 Ratio of enplanements 
6.5 Billion Estimate 2 Population 
6.2 Billion Estimate 3 Vehicle miles 

19.8 Billion Total f 3 = Average 

• Final estimate is 6.6 billion passenger air miles of intercity 
travel in Texas. 
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e Passenger Miles 
of Intercity 
Travel by Pri­
vate Auto in 
Texas 

54.0 

54.0 

1973 

Percent of Total 
U.S. Intercity 

X Travel By Rail • 
(Z) 

X 0.54 .-
X 0.0063 

Percent of 
Total U.S. 
Intercity = 

Rail Passen­
ger iVJ.iles of 
Intercity 
Travel In 
Texas 

Travel By 
Private Auto(~ 

86% = 

= 3~ 0 Yl:Ulic:n 
Rail Passenger 
~.A.iles of Inter-· 
City Travel 
l11 ':'exas 

e Assuming a 5~% annual growth rate, compounded annually, the passenger 
miles of intercity travel by private auto in Texas for 1973 should 
total 63.1 billion. 

• Passenger Miles Percent of Percent of Rail Passe:r .. ger 
of Intercity Total U.S. Total U.S. :tvliles of Inter-
Travel by Pri- X Intercity • Intercity = city Travel 
vate Autm In Travel by Travel By in Texas 
Texas Rail Private Auto 

63.1 X 0.26% • 86% = 

63.1 X .00292 = 184 Million Ra.il 
Passenger Miles 
of Travel in Texas 

o The basis for these estimates is the ratio of total U.S. inr.ercity 
travel by rail to total U.S. intercity travel by private auto. It 
is assumed that rail passenger miles in Texas are the same percent 
of passenger miles of intercity travel by private auto in Texas as 
rail miles are of total U.S. passenger IT.iles of intercity travel by 
private auto. 
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Final Est-Z:mate 

Buses 

19?0 

Estimate 

352 Million 
340 Million 

692 Million 

Method 

Estimate 1 
Estimate 2 

Total .;. 2 

Population 
Share of the M1rket 

= Average 

o Average - 346 million rail passenger miles of intercity travel 
in Texas. 

19?3 

Estimate 

172 Million 
184 Million 

356 Million 

Method 

Estimate 1 
Estimate 2 

Total .;. 2 

Population 
Share of the :Market 

= Average 

• Average - 178 million rail passenger miles of intercity travel 
in Texas, 

Estimate 1 -- PopuZ.ation 

• 25 Billion passenger miles of intercity travel by bus in U.S. (~ 
.055 Texas population is 5.5% of U.S. population (1). 

1.4 Billion passenger miles of intercity travel by bus in Texas 

• It is assumed that passenger miles of intercity travel by bus in 
Texas and passenger miles of intercity travel by bus in U.S. exist 
in the same ratio as Texas population and U.S. population. 

Estimate 2 -- U.S. Bus MiZes 

• Final estimate for passenger miles of intercity travel by private 
auto in Texas was 54.0 billion. 
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Passer~geT :v:::le:; 
of Intercity 
Travel by P:ri­
vate Auto 1n 
Texas 

54.0 

54.0 

X 

v 
A 

X 

rfotal u.s. 
Intercity 
Travel by 
3;..15 CD 

2.14% 

.025 

-.-

Percent o£ 
Total U.S. 
lll.tercity = 
TJ.:avel By 
n..~· ... A _,_ ,~, 

r .i.lVaLe UlO !.__:) 

36% = 

Bus Passe::1ger 
Miles o:C Inter­
CHy Travel In 
~nexas 

i_ ~ 3 Billiori I3us 
Passenger i·{iles 
of Intercity 
T-ravel iE Texas 

Est-i.mate 3 -- Commel"ciaZ Buses 

e 3031 Total commercial and transit buses in Texas CJ). 
-1175 Total tr&~sit buses in Texas (§0. 

1856 Cormnercial buses in Texas 

G 88,823 Total commercial and transit buses in u.s. (11) 
-49,700 Total commercial and transit buses in u.s. (12) 

39,123 Commercial buses in U.S. 

e Texas/U.S. Ratio 
1856 ~ 39,123 = 4.7% of total U.S. commercial buses are in Texas 

e Total U.S. Bus 
Passenger Miles 
of Inte:rcity 
Travel (z) 

25,000,000,JOO 

X Ratio = Bus Passenger _Miles o:f Intercity 
l'ravel :U1 Texas 

X 4.7% l. 2 Billion Bus Passenger Viles 
of Intercity Travel in Texas 

e This estimate is based upon the assumption that bus passenger 
wiles of intercity travel in Texas is equivalent to the same 
percent of total U.S. bus passenger miles of ir~ercity travel 
as the total of comn1ercial buses in Texas is to total commercial 
buses in U.S. 
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Final Estimate -- AvePage 

• The preliminary estimates are averaged to obtain the final 
estimate. 

Estimate Method ---
1.4 billion Estimate 1 Population 
1.3 billion Estimate 2 U.S. Bus Miles 
1.2 billion Estimate 3 Comnercial Buses 

3.9 billion Total + 3 ·- Average 

• The final estimate is 1.3 billion bt~ passenger miles of intercity 
travel in Texas. 

Waterways 

No estimates were made for passenger miles of intercity travel by 
waterways. In 1970, intercity travel via water was only 0.34% of total U.S. 
intercity travel (2). Since there is no large scale passenger intercity 
water travel available in Texas, passenger miles of intercity travel by 
waterways is assumed to be zero in this report. 
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APPENDIX B 

Estimates of Intercity Ton-Miles of Travel 
By Rail and Motor Truck 

This appendix documents the analyses and assumptions used in 

developing the values presented in Figure I-8. Historical and projected 

data relative to ton-miles transported by rail and motor truck in Texas 

are presented. 

Railroads 

Historical (1960 to 1972) data are based upon data developed by the 

Railroad Commission of Texas (1).* Three separate projections of future 

transport are developed. 

Projection A is based on an extrapolation of the historical growth 

rate that occurred between 1960 and 1972; an annual compound growth rate 

of slightly less than 4.5 percent characterized this time period. Using 

this procedure, in the year 2000, approximately 175 billion ton-miles 

will be transported by rail in Texas. This estimate should establish an 

upper bound on rail projections. 

Projections B m1d C are computed from estimates of total U.S. inter-

city freight traffic presented in Energy Consumption for Transportation in 

-~e U.S. (_s). In using these data, it Ar.s assumed that the Texas share of 

U.S. rail tonnage was 6.2 percent (based on historical data). 

* denotes reference number listed at end of Appendix B. 
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Motor Trucks 

Historical 

Two historical trends are presented. The higher trend is based on 

the data in Table B-1. 

Table B-1: Total Motor Truck Ton-Miles, U.S. and 
Estimate for Texas 

Billions of Ton-Miles j 
Year U.S. Texas* j 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

285 

296 

309 

336 

356 

359 

381 

389 

396 

404 

412 

445 

18.8 

19.5 

20.4 

22.2 

23.5 

23.7 

25.1 

25.7 

26.1 

26.7 

27.2 

29.4 

* Estimated that Texas serves 6.6 percent of 
U.S. ton-miles, as developed in reference 3. 

The lower historical trend is based on data presented in Table B-2. 

This estimate is based on the percent of rural road mileage that is in 

Texas. The implied assumption is that each mile of rural road generates 

approximately the same number of motor truck ton-miles. 
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]~6:> 3,1&3,220 1~7,078 ~~ ~; 
"'. L. 359 2" '~ '-·'-

1960 3,l87,7E 197,166 6.2 381 23.5 

1967 3,183,711 196,994 6.2 389 24.0 

1968 3,lf;2,047 1~6, 7'79 6.2 396 24.7 

I 1969 I (,.I~ 404 25.1 
I 

L;o , F9 41 'J lY" -"s 6.2 412 25.8 -"'p. ·-'' .:: _o,.'), .. 

6.3 .L 3,165,B95 198,864 445 27.9 -----..-. ... - ~-.. ___ .._ ........... 

One ot'1.er approach, not presented herein, wa.s used as a further 

check of acctrraq". It consider~d the percent of U.S. :.p~·cial fuel con-

'I'1v0 projections are presented. Prn:;,:-:tion :C c.:pplies the Wilbur Smith 

e:: dllk:!.tl~ c~; u:': 1.991) ton-miles to the higher- of tht:. two historical trends. 

Straight J.~_ne extrapolation is used beyond 1990. 

The :;ccond. estimate applies the same gro\vth rate developed by Wilbur 

Smith t}) to tht> lower of the two historical trends. 
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