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FOREWORD 

This s tudy was performed under Contract EC-76-C-01-8439 t o  t h e  Department o f  
Ehergy. The DOE Technical monitor was M r .  Robert L. Bowles, Transportat ion prigrams 
,Off ice,  Off ice  of  Conservation and Solar  Applicat ions.  A l l  phases of  t h e  s tudy were 

. d i r e c t e d  by M r .  Frank W. Gobetz, t h e  UTRC Program Manager, with t h e  a s s i s t a n c e  o f  
M r .  Alan P. Dubin, f o r  model development and iniplementation, and Mr.. John S. Foley, 
f o r  t h e  compilation o f  modal energy c h a r a c t e r i s t i c s .  The f i rm  of Harbridge House, 
o f  Boston, Massachusetts, se,rved as a subcont rac tor  t o  UTRC f o r  pol icy  impl ica t ions  
o f  modal-shift s t r a t e g i e s .  The Harbridge House e f f o r t  was d i r e c t e d  by 
M r .  Robert.Brandwein, wi th  t h e  a s s i s t ance  of  M s .  Sue McKittrick. 

< 

The body o f  t h i s  r e p o r t  i s  divided i n t o  two major s e c t i o n s :  t h e  f i r s t  
documents t h e  methodology t a s k s   a asks 1 t o  4 )  whi.ch formed t h e  a n a l y t i c a l .  framework 
f o r  t h e  s tudy ,  and t h e  second descr ibes  t h e  s t r a t e g y  eva lua t ion   asks 5 and 6 )  
i n  which r e s u l t s  and conclusions were der ived  f o r  each o f  t h e  proposed modal s h i f t  
s t r a t e g i e s .  The s imulat ion program, b:r which c h a r a c t e r i s t i c s  o f  t h e ,  modal s h i f t  
were generated,  i s  descr ibed i n  Appendix I .  .The major r e s u l t s  o f  t h e  study can be 
understood by an independent reading of  t h e  second sec t ion .  
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MODAL SHIFTS IN SHORT-HAUL PASSENCER TRAVEL 
AND THE CONSEQUENT ENERGY IMPACTS 

SUMMARY 

A study, was performed to evaluate the impacts of strategies to effect modal 
shifts in short-haul passenger travel (defined herein as intercity travel under 
500 miles) from energy-intensive modes to those modes which are less energy-intensive. 
A series of individual strategies, ranging from incentives to the less energy- 
intensive modes (bus, rail) to penalties to the more energy-intensive modes (auto, 
air) was examined to determine energy saved and policy implications relative to 
strategy implementation. The most effective of the individual strategies were 
then combined in all permutations, and the analysis was repeated. As part of.the 
analytic,al process, effects of factors other than energy (user cost and time, emissions, 
government subsidy, and travel fatalities) were examined in a benefitlcost analysis. 
Finally, energy savings, benefit/cost impacts, implementation considerations, and 
policy implications were evaluated to arrive at conclusions as to the effectiveness 
of the more influential strategies and to the overall effectiveness of induced modal- 
shifts. 

The process used in the study was to generate a list of 48 SMSA-pairs (Standard 
Metropolitan Statistical Areas) selected to be representative of the national net- 
work of short-haul SMSA-pairs in the 67-to-500 mile distance category. For the 
representative SMSA-pair network, a fine-grained analysis of travel statistics, 
including public-mode access and zone-to-zone travel, was performed using the UTRC 
in-house Demand and Modal-Split Model which was refined to iniprove, its applicability 
to short-haul traffic. For this analysis, a compilation of detailed performance, 
energy, and cost statistics was made for all competing modes, including automobile, 
bus, rail, and trunk, local service, and commuter air modes, as well as service 
frequencies for the public.modes. Travel and energy statistics for the selected 
network were then expanded into the entire short-haul travel sector, including 
non-SMSA city-pairs and all city-pairs betwee11 0 and 500 miles dis t ,an t ,  

The principal conclusion of the study is that the maximum 1980 energy saving 
which might be realized by modal shifts, discounting the concurrent effects of demand 
suppression and improvement of mode efficiency, is approximately 8 3 x 1 0 ~ ~  Btu (46,500 
bbl gasoline per day), 3.8 percent of the total projected 1980 energy consumption in 
the short-haul transportatiorl sector and 0.23 percent of the total U.S. petroleum use. 
An evaluation of the economic and social impacts of these strategies on the national 
economy was conducted in a policy and im~lementatidn analysis. It is the Contractor1 s' 
concbusion that strategies to achieve these small savings by modal shifts would result 
in significant economic, social, and business disruptions. 



CONCLUSIONS 

1. I n  a  short-term c r i s i s  s i t u a t i o n ,  t h e  only s t r a t e g i e s  which w i l l  r e s u l t  i n  s ig-  
n i f i c a n t  energy conservat ion &re  those  which a l s o  incur  a  s i g n i f i c a n t  suppression 
o f  t r a v e l  demand. Implementation of  t h e  most severe  combination of s t r a t e g i e s  
examined' would reduce short-haul  energy consumption by 21%, b u t  81% of t h i s  reduc- 
t i o n  would r e s u l t  from suppression of t r a v e l  demand and improvements i n  modal e f f i -  
c iency.  

2 .  Those modal s h i f t  s t r a t e g i e s  o r  combinations of  s t r a t e g i e s  which provide t h e  
g r e a t e s t  energy savings would be extremely d i f f i c u l t  t o  implement from t h e  stand- 
po in t  o f  pub l i c  acceptance,  economic d i s r u p t i o n ,  and t r a n s p o r t a t i o n  impacts,  even 
i n  a pe r iod  of severe petroleum shor tage .  

3 .  S t r a t e g i e s  involving only incent ives  t o  t h e  l e s s  energy-intensive modes r e s u l t  
i n  minor modal s h i f t s  and, if implemented, would produce an increase  i n  t r a v e l  
demand and t o t a l  energy consumption. 

4. Measures t o  curlserve energy by s t imu la t ing  a  s h i f t  t o  bus t r a v e l  by p e ~ l a l i z i n g  
t h e  au to  and a i r  modes could r e s u l t  i n  bus t r a v e l  which exceeds pro jec ted  maximum 
bus capac i ty ,  without a  s i g n i f i c a n t  reduct ion  i n  au to  and a i r  t r a v e l .  

5 .  Measures t o  save energy by s t imu la t ing  s h i f t s  t o  r a i l  a r e  r e l a t i v e l y  inef fec-  
t i v e  because r a i l  s e r v i c e  i s  not  a v a i l a b l e  on t h e  major i ty  of  i n t e r c i t y  r o u t e s .  While 
r a i l  t r a v e l  could be s i g n i f i c a n t l y  increased  on routes  where such s e r v i c e  i s  o f f e red ,  
t h e  o v e r a l l  r a i l  share  i s  p re sen t ly  s o  small  ( 0 . 5 % ) ,  t h a t  t h e  energy impact o f  t h i s  
d ive r s ion  i s  n e g l i g i b l e .  

6. Although a  small  energy saving might r e s u l t  from t h e  replacement of  l a r g e  a i r -  
c r a f t  by smal le r  a i r c r a f t  on short-haul  connertjn& f l i g h t s ,  much uf' Lhe p o t e n t i a l  
savings niight be negated by congest,ion delay& r e g u l t i n g  frum Increased f l i g h t  f r r -  
quencies.  In  a d d i t i o n ,  severe d i s r i - ~ p t i o n c  t o  long-haul passenger s e rv i ces  and mail  
and f r e i g h t  opera t ions  might be incur red  s i n c e  t h e  short-haul  s e c t o r  i s  not  a d i s -  
t i n c t  e n t i t y ,  bu t  is  an i n t e g r a l  p a r t  of t h e  domestic a i r  system. 

7. The adoption of a s t r a t e g y  which would fo rce  high load factors on short-haul . 
ail- Lravel would adversely a f f e c t  long-haul a i r  t r a v e l  because of through connec- 
t i o n s  provided by t h e  short-haul s e c t o r .  I n  a d d i t i o n ,  it i s  the  judgement of t h e  
Contractor  t h a t  t h e  achievement of  average system load f a c t o r s  approaching 70% would 
s a t u r a t e  some segments of t h e  a i r  t r a n s p o r t  s e c t o r  and would severe ly  l i m i t  t h e  
a v a i l a b i l i t y  of  a i r  t r a v e l  during ~ C P I I C  pcriod~ whcn demand i s  already high. 

8. S t r a t e g i e s  t o  e f f e c t  modal s h i f t s  from energy-intensive ( au to ,  a i r )  modes of 
t h e  short-haul  t r a n s p o r t a t i o n  s e c t o r  t o  l e s s  energy-intensive modes (bus,  r a i l )  
would provide only  small  energy savings amsuntinq t o  abmit. one- f i f th  t h a t  of a  1 .0  
upg improvement i n  t h e  f u e l  economy of a l l  automobiles i n  use i n  1980. On t h e  b a s i s  
of t h e  p o l i c y  and implementation analyses  conducted i n  t h e  s tudy ,  i t ' i s  t h e  Contractor 's  
conclusion t h a t  s t r a t e g i e s  t o  achieve t h e s e  small  savings by modal s h i f t s  would 
r e s u l t  i n  s i g n i f i c a n t  economic, s o c i a l ,  and business  d i s rup t ions .  



INTRODUCTION 

Petroleum' currently used for transportation in the United States represents 
approximately 53% of the total consumption of this energy source. A breakdown of 
this sector indicates that approximately 85% of all trips are for intercity travel 
and 65% of all passenger miles are for .distances of 500 miles or less. In 1973, 
approximately 90% of petroleum consumption in this short-haul travel sector was by 
automobiles; 9% by domestic air carriers; and the remainder by buses and passenger 
railroads. 

One measure which can be taken to reduce fuel consumption in the transportation 
sector is to stimulate technological development of transportation media to reduce 
fuel consumption. For example, a 1 mpg improvement in the fuel utilization of auto- 

12 mobiles in 1980 would result' in an annual fuel savings of approximately 475 x 10 
Btu out of the total 8,492 1012 Btu estimated to be consumed in this mode. On a 
lesser scale, the same percentage decrease in fuel consumption of domestic air trans- 
port would result in an annual savings of approximately 103 x 1012 Btu out of the 
1,740 x 1012 Btu consumed by this mode. Lesser savings would be derived from tech- 
nological improvements of intercity bus and rail transportation.due to the relatively 
low passenger traffic by these modes. 

A second means of ,reducing fuel consumption in transportation is to reduce con- 
sumption per passenger mile through improvements in mode efficiency. Such measures 
include, for example, the imposition of regulations to stimulate increased load fac- 
tors in all modes; regulation of speed limits for automobiles and buses; revision 
of traffic regulations to minimize nonproductive energy use, etc. 

A third means of reducing fuel consumption, particularly in instances of severe . - 
petroleum shortages, is to suppress travel demand through fuel allocation or to im- 
pose regulations which cause sufficient inconvenience to reduce or eliminate all 
nonessential travel. Demand suppression, such as that induced by gasoline rationing 
during WW 11, is thought to be a last-resort measure which would only be invoked in 
a national emergency more severe than that of 1973. 

Another means for reducing energy consumptton in transportation is to induce 
shifts from energy-intensive modes to less energy-intensive modes through Federal 
regulation or stimulation. Since 85% of all trips and over 65% of all passenger 
miles are for distances of 500 miles or less, it might be expected that modal.shifts 
would be most applicable to short-haul segments of transportation. 

The potential energy savings and social, economic, and business consequences 
. 

resulting from implementation of the first three of the aforementioned measures are 
.reasonably well defined. However, modal shift is a concept which has not been 
assessed in terms of, its effectiveness or practicality, particularly in periods of 
severe petroleum shortages where immediate nieasures must be adopted on a temporary 
basis. 



The projected 198~ petroleum consumption for different modes of the short-haul 
4 l  

passenger transportation sector, together with total transportation and total.energy 
use, are given in the following table. 

. . 
In evaluating these statistics, it would appear that the greatest savings 

relative to modal shift would come from a diversion from the most fuel-intensive 
ground mode (automobiles) to either of the more, efficient ground modes (bus or rail). 
Although less than 15% of-all short-haul intercity energy is consumed by domestic 
air transport, gains might also be expected by a shift from air to ground modes. A 
shift of short-haul air travel to a less fuel-intensive air mode (i.e., from large 
aircraft to smaller aircraft) might also be considered as a possible alternative. 
However, such a shift might disrupt air schedules due to the requirements for cargo 
and mail transport, short-haul legs at the b&ginning and end of a Pong-haul segment, 
and aircraft f'errying requirements. A paradox which emphasizes a difficuity i n  intro- 
ducing a shift of mode from air to ground transportation was the experience during 
the OPEC oil embargo of 1973-74. In that situation, a modal shift from automobiles 
to air transportation occurred as a consequence of the uncertainties of fuel 
availability. Because modal choice is generally made on the basis of cost and con- 
venience rather than fuel conservation, it is apparent that relatively sevkre 
strategies would have to be implemented to stimulate modal shifts which would have 

an appreciable effect on energy consumption. 

In view of the foregoing and the Government's interest in exploring all possible 
means for minimizing petroleum .consumption, the study reported herein was conducted 
to evaluate .strategies for reducing enerb consumption in short-haul intercity trans- 
portation, either by inducing modal shifts or through reduced reliance on large air- 
craft.' A further objective was to identify policies which, if adopted by the Federal 
Government, would result in implementation of the most attractive short-haul energy 
conservation strategy. 
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OVERALL APPROACH 

Before proceeding with t h e  d iscuss idn  of  i nd iv idua l  t a s k s ,  a  review of  t h e  
o v e r a l l  p lan  i s  i n  o rde r ,  p a r t i c u l a r l y  with regard t o  t h e  r e l a t i o n s h i p s  among t h e  
s i x  p a r t s  of  t h e  t echn ica l  program shown 3.n Fig.  1. The f i r s t  t a s k  made use of t h e  
extensive da t a  base i n  t h e  UTRC Demand Model t o  s e l e c t ,  from a  comprehensive l i s t  
of 5311 short-haul  (67-500 m i l e )  SMSA-pairs, a  s e t  of 48 sample SMSA-pairs t o  
represent  c a r e f u l l y  chosen ca t egor i e s  desc r ip t ive  of  t h e  e n t i r e  n a t i o n a l  system of 
SMSAs. The use of SMSAs, r a t h e r  than a l l  c i t i e s  i n  t h e  U.S., was t o  permit a  
f ine-grained ana lys i s  of t r a v e l  and energy-use c h a r a c t e r i s t i c s  made poss ib l e  by 
t h e  a v a i l a b i l i t y  o f . e x t e n s i v e  d a t a  f o r  SMSAs. Following t h e  fine-grained a n a l y s i s ,  
t h e  SMSA-pair r e s u l t s  were expanded i n t o  t h e  e n t i r e  n a t i o n a l  short-haul system, a s  
descr ibed below. 

Data descr ib ing  each of  t h e  48 sample markets were assembled i n  Task 2 using 
published sources and unpublished information obtained from f i e l d  work. In  t h i s  
t a s k ,  many SMSAs which comprise t h e  sample SMSA-pairs were divided int.o zones t o  
achieve an accura te  r ep re sen ta t ion  of l o c a l  ( acces s / eg re s s )  t r a v e l  e f f e c t s .  Based 
on t h e  d e t a i l e d  es t imat ion  of demand i n  each of t h e  48 SMSA-pairs, t h e  e f f e c t s  of 
system va r i a t i ons  could be e ~ t r a p o l a t ~ e d  t o  each category and then  t o  a l l  5311 shor t -  
haul  SMSA-pairs. 

Energy c h a r a c t e r i s t i c s  of t h e  veh ic l e s  which serve  t h e  48 sample SMSA-pairs 
were co l l ec t ed  i n  Task 3  and a  process  of disaggregat ion was performed t o  account 
f o r  veh ic l e  mix and route- re la ted  e f f e c t s  on energy i n t e n s i t i e s  of t h e  four  t r a v e l  
modes. The work i n  Task 4 was d i r e c t e d  toward t h e  determinat ion of short-haul  
t r a v e l e r  c h a r a c t e r i s t i c s ,  r e ly ing  on t h e  National Travel Survey d a t a  a s  t h e  bas i c  
source,  but incorpora t ing  da t a  gleaned .from a l t e r n a t i v e  sources .  A r e c a l i b r a t i o n  
on t h e  b a s i s  of t h e  most r e l i a b l e  survey da t a  from short-haul SMSA-pairs was per- 
formed t o  adapt t h e  models s p e c i f i c a l l y  t o  short-haul t r a v e l .  

The r e su l t s  of t h e  f i r s t  f ~ u r  t a s k s  served a s  inputs  t o  t h e  Task 5 mode-shift 
s t r a t e g y  eva lua t ions .  . In  t h i s  t a s k ,  i nd iv idua l  s t r a t e g i e s  t o  e f fec t 'modal  s h i f t s  
from fue l - in tens ive  t o  fuel-conservat ive modes were formulated. The eva lua t ion  
phase w a s  then  conducted, employing UTRC's Demand and Modal-Split models t o  compute 
demand ( inc lud ing  induced demand), modal s p l i t s ,  and f u e l  used f o r  each sample SMSA- 
p a i r  as  it was a f f e c t e d  by each s t r a t e g y .  Demand and f u e l  usage were then expanded 
t o  t he  na t iona l  short-haul  system o f  SMSA-pairs and t h e  s t r a t e g i e s  ranked according 

. t o  o v e r a l l  f u e l  savings r e l a t i v e  t o  t h e  base l ine  case.  h he UTRC Demculd and Modal- 
S p l i t  modc1.s are descr ibed i n  Ref. 3 ;  an example o f  t h e i r  use i n  t h i s  study i s  given 
i n  Appendix I. ) 

The a n a l y t i c a l  eva lua t ion  of ind iv idua l  . s t r a t e g i e s  i n  Task 5 was supplemented 
by a pol icy  eva lua t ion  i n  Task 6 t o  s e l e c t  combination s t r a t e g i e s  which would maxi- 
mize energy savings.  These combination s t r a t e g i e s  were then  subjected t o  an 
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a n a l y t i c a l  eva lua t ion  back i n  Task 5 ( s ee  feedback loop i n  Fig.  'l), and t h e  r e s u l t s  
expanded i n t o  t h e  t o t a l  n a t i o n a l  short-haul system. 

The expansion process  involved two s t e p s :  ( 1 )  t h e  es t imat ion  o f  t r a v e l  and 
energy d a t a  f o r  t h e  system of c i t y -pa i r s  ( i n  t he .  67-500 mile  d i s t ance  range)  not  
involving SMSAs or involving ari SMSA at  only one' o f ' t h e  end-points of i n t e r ~ i t y  
t r i p s ,  and ( 2 )  t h e  es t imat ion  of t r a v e l  and energy d a t a  f o r  a l l  c i t y - p a i r s  i n . t h e  
0-67 mile  d i s t ance  range. This l a t t e r  category i s  important because of t h e  dominance 
of au to  t r a v e l  i n  t h i s  range and . the  l a r g e ' p o t e n t i a l  f u e l  savings which could come 
from s t r a t e g i e s  designed t o  s t i m u l i t e  a s h i f t  . t o  a  more f u e l - e f f i c i e n t  mode (mainly 
bus ) .  The d a t a  f o r  a l l  t h r e e  ca t egor i e s  ( ca l cu la t ed  d a t a  f o r  SMSAs and est imated 
d a t a  f o r  non-SMSAS and very shor t -d is tance  c i t y - p a i r s )  were t o t a l e d .  f o r  s t r a t e g i e s  
which combined t h e  most e f f e c t i v e  f u e l  saving'measures t o  provide t h e  major a n a l y t i c a l  
r e s u l t s  of t h e  s tudy .  

. . \ .  
, . 

The combination s t r a t e g i e s  were then .  subjected t o  a b e n e f i t / c o s t  a n a l y s i s ' t o  
account f o r  subs id ia ry  e f f e c t s ,  ( t r a v e l e r  cos t  and t'ime, a i r  p o l l u t i o n ,  s a f e t y ,  
subs id i e s ,  e t c  . ) . - I n  t h i s  way, a n  attempt was made $0 .balance t h e  fuel-saving 
p o t e n t i a l  o f  t h e  s t r a t e g i e s  aga ins t  t h e  a s soc i a t ed  c o s t s  of t h e  s t r a t e g i e s .  This 
information,  t oge the r  with s t a t i s t i c s  descr ib ing  each of t h e  f i n a l  s t r a t e g i e s ,  was 
then  analyzed i n  Task 6  t o  eva lua te  p o l i c i e s  by which t h e  most e f f e c t i v e  modal-shift 
s t r a t e g i e s  might be implemented. 



SECTION I - DETAILED APPROACH 

Task 1 - ' I d e n t i f i c a t i o n  of Markets 

The ob jec t ive  of  t h i s  t a s k  was t o  ca tegor ize  domestic SMSA-pairs ( f o r  
s i m p l i f i c a t i o n ,  r e f e r r e d  t o  a s  c i t y - p a i r s )  i n  order  t o  s e l e c t  a  s p e c i f i c  s e t  whose 
c h a r a c t e r i s t i c s  r ep re sen t  a  complete range with respec t  t o  deman,d dens i ty ,  d i s t ance ,  
and s e r v i c e .  Four c r i t e r i a  have been employed i n  t h e  ca t egor i za t ion  process:  

I n t e r c i t y  d i s t ance  
Demand dens i ty  
A v a i l a b i l i t y  of r a i l  s e r v i c e  
A v a i l a b i l i t y  of a i r  s e r v i c e  

bus s e r v l c e  and highway connections need not be considered a s  ca t egor i za t ion  c r i t e r i a  
because coverage by t h e s e  modes i s  un ive r sa l ly  good. 

I n t e r c i t y  Distance 

Three d i s t ance  ca t egor i e s  were d e f i n ~ d :  67-150 miles, 150 275 milco and 
275-500 mi les .  The minimum of 67 mi les  corresponds t o  t h e  d e f i n i t i o n  of i n t e r c i t y  
t r a v e l  i n  t h e  1972 National  Travel  Survey (Ref. l ) ,  and i s  t h e  minimum i n t e r c i t y  
d i s t a n c e  a t  which t h e  UTRC demand model has been used. The 500-mile maximum corres-  
ponds t o  t h e  usual  d e f i n i t i o n  o f  short-haul  t r a v e l .  The d i s t ance  ca t egor i e s  were 
skewed toward - the  lower end because t h e  modal-spiit  process  i s  more s e n s i t i v e  t o  . 

d i s t ance  at s h o r t e r  d i s t ances  than at longer  d i s t ances .  Thus, a si 'ngle c i t y - p a i r  
can r ep re sen t  a  wider d i s t ance  range a t  ldnger  d i s t ances .  Among t h e  218 SMSA 
markets descr ibed l a t e r ,  t h e r e  a r e  598 c i t y - p a i r s  i n  the shnrt . -dis t .ap~e category,  
1453 i n  t h e  medium, and 3260 i n  t h e  l ong ,  f o r  a .t,ot;a.l n f  5311. i n  t.hc short-haul  
s e c t o r .  The corresponding f r a c t i o n s  of  est imated SMSA-to-SMSA short-haul passenger 
ml les  (LS determined from t h e  demand c a l c u l a t i o n s  descr ibed below) are 22 percent ,  ' 

37 pe rcen t ,  and 4 1  pe rcen t ,  r e spec t ive ly .  

Demand Density 

The dens i ty  of demand f o r  each of t h e  5311 c i ty -pa i r s  was estimated using a  
vers ion  of t h e  UTRC Demand Model developed under Corporate funds (Refs.  2 and 3 ) .  
Addi t iona l  short-haul  c i t y - p a i r  da t a  were included i n  t h e  model c a l i b r a t i o n  da t a  

* .  base i n  order  t o  improve t h e  model's representa t ion  of short-haul  t r a v e l .  

A v a i l a b i l i t y  of R a i l  Serv ice  

h a m i n a t i o n  of  t h e  complete Amtrak schedule f o r  February 1976 revealed t h a t  
602 of  t h e  5311 SMSA-pairs have r a i l  s e rv i ce .  For t h i s  determinat ion,  r a i l  . se rv i ce  . 

was broadly defined t o  inc lude  a l l  ~ i t , ~ - ~ a i r s  served by t h r u  t r a i n s  ( a s  few a s  t h r e e  



per  week) a s  we l l  a s  c i t y -pa i r s  served by connect ions,  provided t h a t  a t  l e a s t  one 
l e g  of t h e  connection i s  a  high-frequency r o u t e  ( i .  e .  , s i x  o r  more d a i l y  t r a i n s  i n  
each d i r e c t i o n ) .  P re sen t ly ,  t h e r e  a r e  only four  high-frequency rou te s :  Bos'ton- 
New York-Washington, Eartford-New York-Washington, Albany-New York, and Milwaukee- 
Chicago. Thus, r a i l  s e r v i c e  c i t y -pa i r s  inc lude  those  with a  p o t e n t i a l  f o r  adequate 
s e r v i c e  a s  we l l  a s  those  a l ready  adequately served.  

A v a i l a b i l i t y  of A i r  Serv ice  

The complete l i s t  of 247 SMSAs was examined t o  determine those  SMSAs which have 
very l i t t l e  o r  no a i r  s e r v i c e  of  t h e i r  own, but  which a r e  served by an a i r p o r t  i n  
another  nearby SMSA. T h i s  i s  necessary t o  accu ra t e ly  d i s t i ngu igh  c i ty -pa i r s  which do 
o r  do not  have' a i r  s e r v i c e .  Two types of  s i t u a t i o n s  were found: ( 1 )  two o r  t h r e e  
SMSAs served by a  s i n g l e  a i r p o r t  (such a s  Hartf o rd lspr ingf  i e l d  br  AkronLcanton ) ; and 
(2)  a small  SMSA served b y . a  medium o r  l a r g e  hub wi th in  40 mi les  (such a s  Ann Arbor- 
De t ro i t  o r  Lorain-Cleveland). I n  a l l ,  t h e r e  a r e  22 such groups, comprising a  t o t a l  
of 51 SMSAs which a r e  t r e a t e d  as s i n g l e  e n t i t i e s .  Along wi th  t h e  remaining 196 . 
i nd jv idua l  SMSAs ( a  few .of which have .no a i r  s e r v i c e  a t  a l l ) ,  . t h e r e  a r e  a t o t a l  of 
2 i8  markets (sMSA o r  SMS-4 groups)  from which t h e  5311 c i ty -pa i r s  were formed. 

The August 1, 1973 O f f i c i a l  A i r l i n e  Guide ( O A G ) ,  ( ~ e f .  4 ) ,  was examined t o  
determine which c i ty -pa i r s  have a i r  s e r v i c e ,  and t h e  type  of  ' a i r  s e r v i c e  ava i l ab l e .  
The number of  nonstop., one-stop, two-stop, and connecting f l i g h t s  provided by 
c e r t i f i c a t e d  and commuter c a r r i e r s  was determined f o r  each c i ty -pa i r . hav ing  a i r  se r -  
v i ce .  Small i n t r a s t a t e  o r  i n t e r s t a t e  opera tors  us ing  p rope l l e r  equipment, and 
Allegheny commuters, were c l a s s i f i e d  a s  commuters, whi le  t hose  i n t r a s t a t e  opera tors  
using l a r g e r  j e t  a i r c r a f t  ( i . e . ,  PSA and southwest)  were t r e a t e d  a s  c e r t i f i c a t e d .  About 
1300 c i ty -pa i r s  had some a i r  s e rv i ce .  Of t h e s e ,  62 were served exc lus ive ly  by com- 
muter c a r r i e r s ,  while  84 were j o i n t l y  served by commuter and c e r t i f i c a t e d  c a r r i e r s .  
Some of t h i s  l a t t e r  group were r e c l a s s i f i e d  a s  commuter-only because t h e  commuter 
s e r v i c e  is. f a r  more f r e q u e n t - t h a n  t h e  c e r t i f i c a t e d  s e r v i c e .  Of t h e  remaining 1150 
a i r - se rv i ce  c i t y - p a i r s ,  t hose  having no d i r e c t  f l i g h t s  and very inf requent  connecting 
se rv i ce  were t r e a t e d  a s  having no a i r  s e r v i c e .  (The OAG l i s t s  only a  few of t h e  
many poss ib l e  connect ions;  s ince .  it i s  poss ib l e  t o  cons t ruc t  a  connection between 
a11rios.t any two c i t i e s  having a i r  s e rv i ce ;  it. i s  nt?rPssa.ry t , ~  e s t a b l i s h  such a lower 
l i m i t  so  t h a t  a  no-air-service category i s  properly defined.  ) 

The number of  a i r  s e r v i c e  ca t egor i e s  was increased  from t h e  t h r e e  o r i g i n a l l y  
proposed (none, cornm~~ter , and t runk / loca l  s e r v i c e )  t o  four  wi th  t h e  add i t i on  of a 
category f o r  c i t y -pa i r s  served by both commuter and t runk / loca l  c a r r i e r s .  This 
ncld.i.t,.i.on was made because, evensthough commuters do not  o f t e n  compete d i r e c t l y  
with c e r t i f i c a t e d  c a r r i e r s ,  a  number of c i t y -pa i r s  do have competi t ive s e r v i c e ,  
although usua l ly  a t  diffr?rent,  a i r p o r t s .  The minimum requirements f o r  a i r  s e r v i c e  
were s e t  at one d a i l y  nonstop o r  one-stop f l i g h t  i n  each d i r e c t i o n ,  two d a i l y  two- 
s top  f l i g h t s ,  o r  t h r e e  ( l i s t e d )  connections. ' Those c i t y - p a i r s  having commuter 



s e r v i c e  c l e a r l y  s u p e r i o r  t o  t h a t  o f f e red  by t h e  c e r t i f i c a t e d  c a r r i e r s  were 
c l a s s i f i e d  a s  commuter r o u t e s .  Ci ty-pairs  were c l a s s i f i e d  a s  having both commuter 
and c e r t i f i c a t e d  s e r v i c e  i f  each o f f e r s  more than  one nonstop o r  two one-stop d a i l y  
f l i g h t s  i n  each d i r e c t i o n .  ( ~ d d i t i o n a l l y ,  i f  one c a r r i e r  group o f f e r s  more than 
four  nonstop f l i g h t s ,  t h e  o the r  must o f f e r  a t  l e a s t  one nonstop f l i g h t . )  The 
remaining c i t y - p a i r s  wi th  a i r  s e r v i c e  were placed i n  t h e  t runk / loca l  s e r v i c e .  . 
category . 

A i r  s e rv i ce  category assignments were i n i t i a l l y  based on da t a  obtained from 
Ref. 4; but  were r ev i sed  using ' the ' ~ ~ r i l  1 5 ,  1976 OAG (Ref.  5 )  t o  account f o r  
both new, and d iscont inued ,  s e r v i c e s .  Thus, t h e  a i r  s e r v i c e  ca t egor i e s  r e f l e c t  t h e  
cu r r en t  s i t u a t i o n  r a t h e r  than  1973 d a t a ,  and a r e  p r e f ~ r a b l e  f o r  making f u t u r e  
p r o j e c t i o n s .  Of t h e  5311 short-haul  c i ty , -pa i r s ,  84 have commuter s e r v i c e  only,  1239 
are In t h e  t r u n k / l o c a l  s e r v i c e  ca tegory ,  and 67 a r e  served by both types  of c a r r i e r s .  

Category Formation 

Three demand ca t egor i e s  were i n i t i a l l y  def ined:  0-50,000; 50,000-500,000; 
and 500,000+' annual round- t r ip  t r a v e l e r s .  These a r b i t r a r y  l i m i t s  divided t h e  t o t a l  
number of passenger-miles i n t o  t h r e e  approximately egual p a r t s .  The combination of 
t h r e e  demand, t h r e e  d i s t a n c e ,  four  air s e r v i c e ,  and two ra i l  s e r v i c e  ca t egor i e s  
gave 72 poss ib l e  c i t y - p a i r  ca t egor i e s  t o  which each of  t h e  5311 c i t y - p a i r s  were 
ass igned .  However, a s  shown i n  Tables I t o  111, 21 of t h e s e  ca t egor i e s  conta in  no 
c i t y - p a i r s ,  while 'o thers  represent  a  n e g l i g i b l e  f r a c t i o n  of t h e  t o t a l  passenger- 
mi les .  Some ca t egor i e s  comprise very l a r g e  f r a c t i o n s  of t h e  t o t a l  demand. 

Two approaches were used t o  co r r ec t  t h e s e  imbalances, One involved r n m h i n i n ~  
small  c a t e g o r i e s ,  each r ep resen t ing  l e s s  than  0.25 percent  of t h e  t o t a l  passenger- 
mi l e s ,  ac ros s  a i r  s e r v i c e  ca t egor i e s .  Commuter-only rou te s  were combined with 
c i t y - p a i r s  having no a i r  s e r v i c e ,  while  rou te s  served by both commuter and t runk/  
. loca l  s e r v i c e  c a r r i e r s  were combined wi th  c i t y - p a i r s  havine orrly c e r t i f j . ~ ~ . t . e r l  
s e r v i c e .  These s h i f t s  r ep re sen t  t h e  permanence of c e r t i f i c a t e d  s e r v i c e  r e l a t i v e  
t o  t h e  f ree-ent ry ,  f r ee -ex i t  s t a tu s .  of commuter c a r r i e r s ,  a s  v e r i f i e d  by t h e  
s e r v i c e  changes which occurred between 1973 and 1976. 



TABLE I 

PRELIMINARY CITY-PAIR CA~GORIES : 67-150 Miles 

F rac t ion  of  To ta l  Passenger-Miles i n .  Category 
 umber of City-Pairs  i n  ca tegory)  



TABLE I1 

PRELIMINARY CITY-PAIR CATEGORIES: 150 - 275 Miles , 

Frac t ion  of  To ta l  Passenger-Miles i n  Category 
 umber .of City-Pairs  i n  Category) 



TABLE I11 

PRELIMINARY C I T Y - P A I R  C A T E G O R I E S :  275 - 500 Miles 



The second type of adjustment involved shifting the demand categories within 
each column of Tables I to I11 (i.e., each specific combination of distance, rail 
service, and air service categories) to achieve a better balance among the passenger- 
miles represented by each category. Demand category limits were placed in natural 
"breaks" among the city-pairs in each column, resulting in from one to five demand 
categories per column. . Th'e result of this redistribution was the set of 48 city- 
pair categories shown in Tables IV to VI,,along with the representative city-pairs 
whose selection is described below. These categories provide a more balanced 
representation of the short-haul market than the preliminary categories shown in 
Tables I to 111. 

Representative SMSA-Pairs 

Each representative SMSA-pair was chosen mainly on the basis of how well it 
matched the average characterist,i c,c, n f  i t.s C R ~  Q ~ O ; L - ~ .  nliu wa3 quantified by cum- 

pu'Lillg a scul't! for each clty-pair given by 

where xi. is the jth characteristic of the ith city-pair and ; is the average value 
of the jgh characteristic for the particular city-pair category involved. The city- 
pair with the lowest score best represents the category. The six characteristics 
used were demand, distance, populations of the larger and smaller cities, regional 
location (as quantified by the longitude and latituile of each city-pair's midpoint), 
and the business share of the demand. These characteristics were selected because 
of their relevance and ease of computation. Distance and demand are fundamental 
quantities and were, therefore, double-weighted, Since longitude arid la'titude 
represent a single cha.racteristic, i.e., regional location, each was given a 
weighting of one-half. The populations were included since they il~fluerice access 
characteristics, which in turn affect the modal-split. The business share is 
calculated as in the UTRC Model-Split Model; it is based on 1972 PTational Travel 
Survey data and is an increasing function of distance, with correction factors for 
about twenty large cities. It was included because. business share has a strong 
influence on the overall modal-split. 

In addition to the numerical scores, several other considerations were involved 
in selecting the representative city-pairs: achieving a wide geographic distribu- 
tion, avoiding the use of one c i t y  i n  a disprsportionatc number of ci-l;;v-yai~.s, 
avoiding city-pairs which are significantly unrepresentative in some nonquantified 
characteristic, and minimizing the total number of cities in order to limit the 
scope of the associated zone and terminal access analyses in Task 2. The final 
selection of representative city-pairs is indicated in Tables IV tan VT; they are 
also tabulated in Table VII and mapped in Fig. 2. 



TABLE IV 

FINAL CITY-PAIR CATEGORIES: 67 - 150 Miles 

Frac t ion  of To ta l  Passenger-Miles i n  Category 
 umber of Ci ty-Pairs  i n  ca tegory)  

Representat ive  City-Pair 

. 

- 

- 

- 

- 

Rai l  NO Bai3 S ~ r v i  r p  

T/LS & 

Sate 

No A i r  
Se rv ice  

T/LS NO A i r  Commuter T/LS T/LS & 
r 

Com.ut e 
Service  Onlv a v  

1 .09% 
( 264 1 

Kalamazoo/Battle 
Creek-Lima 

Cornut e r  

1 .05% 
(40)  

. Dayton- 
Ft. Wayne 

0 

0 . 9 0 %  
( 111) 

~ a s h v i l l e - ~ k t s v i l l e  

0.17% 
(26)  

Poughkeepsie-Trenton 

0.398 
( 9  

Cleveland- 
~ a n s f i e l d  

0 . ~ 5 %  
(. 3)  

New York 
Reading 

0 

, . 

1.69% 
(22 

Atlanta- 
Huntsv i l l e  

0.55'% 
( 1  

L. P.. - 
Bkrsf l d .  

0 

0.47% 
(181 

Baltimore- 
Trenton 

n 

0.31% 
(33)  

Birmin*an-l'lOntgomerv 
Ala. 

0.54% 
( 7  

Detroi t -  
F t  . Wayne 

0.16% 
(I. ) 

D e t r o i t  
Cleveland 

0 

0;  €45 
(13)  

 alias- 
Ki l l een  

i . nRpl, 
( 4 )  

Ph i l a . -  
Harrisburg 

o 

- 

2.16% 
(28)  

Washington- 
, Richmond 

2 1 1 %  
( 4 )  

New York- 
Albany 

' 2 . 6 1 %  
(1 

L. A.-  
San Diego 

0.80% 
( 8) 

Det ro i t -  
Kalamazoo/ 

B a t t l e  
Creek 

2 .03% 
( 4) 

Chicago- 
Milwaukee 

1.94% 
( 1  1 

New York- 
Ph i la .  



TABLE V 

FINAL CITY-PAIR CATEGORIES: 150 - 275 Miles 

F r a c t i o n  of T o t a l  Passenger-Miles i n  Category 
(Number of Ci ty-Pairs  i n  Category) 

Representa t ive  City-Pair  

- 

- 

- 

- 

- 

No R a i l  Se rv ice  

i 

T/LS & ' 
Commuter 

Ra i l  Se rv ice  

T/LS 
Only 

No A i r  
Se rv ice  

No A i r  
Se rv ice  

Commuter 
On1 y 

Com.uter 
Only 

2,PLI 
(796)  

Eashvi l le-Terre  Haute 

0 .9% 
( 9 4 )  

Harrisburg- 
Poughkeepsie 

0.  56% 
(1 4) 

Kilwaukee- 
Ft . Wayne 

, 

0 

2.4716 
(131 

Albany- 
Reading 

O 

C 

L t  33% 
(188)  

Huntsville-Kernphis 

T/LS 
Only 

0.45.g 
( 1 4  

Washington 
Binghamton 

0 

3.66% 
( 7 1 )  

S t .  Louis- 
Nashvi l le  

3.71% 
(21 ) 

Dallas- 
' Tulsa  

2.46% 
(1 

Tins Angcl c 
Las Vegas 

0 

T/LS & 
Comr;,ut e r  

0. 63% 
.( 6) 

Chicago- 
Appleton 
Oshkosh 

0 

I 

1 .14% 
( 57) 

Balt  inore-  
Raleigh 

4.89f 
( 3 9 )  

Ph i l a . -  
Albany 

5.73% 
( 1 2 )  

S t .  Louis- 
i c a ~ s a s  C i t y  

. 

0.565 
(5  

Chicago- 
Spf l d  . , 
I l l .  

1.575 
( 2 )  

Ck:.ce;:c- 
G e t r c i t  

*. . 
3.582 

(?  

New York- 
Eoston 

0 

0 



TABLE V I  

FINAL CITY-PAIR CATEGORIES: 275 - 500 Miles 

Frac t ion  of  T o t a l  Passenger-Viles i n  Category 
 umber of Ci ty-Pairs  i n  Category ) 

, Representat ive  City-Pair 

-. 

- 

- 

- 

No Rai l  Service  

T/LS 

y:i7 
ittsburgh - 

South Bend 

2.79$ 
( 4 4  

Atlanta- 
Richmond 

4 .41% 
(29)  

Dallas- 
Memphis 

1 . 1 4 %  . 
( 1 )  . 

Los Angeles 
Sacramento 

0 

No A i r  
Service  

Ra i l  

T/LS & 
Commuter 

0 

Commuter* 
Only 

No A i r  

Service  

7.06% 
(2243) 

Tulsa-Spfld. , ,111. 

1.59% 
(173) 

St.. Louis-Lima 

0 

Commuter T/LS 
Q d y  

1.87% 
( 102 

Boston- 
Richmond 

2.10% 
(33)  

Washington- 
Dayton 

4.63% 
(28)  

Chicago- 
Memphis 

5.82% 
(10 

New York- 
P i t t s b u r g h  

4.36% 
(1 

Los Angeles 
Ean. Fran. 

0 

Service  ' 

0.93% 
(163)  

Kansas City- 
Terre  Haute 

0 

. 

T/LS & 
P r 

0 

' ' 



TABLE V I I  

REPRESENTATIVE CITY-PAIRS 

New York - Albany 
I1 - Boston 
11 - Phi lade lphia  
11 - Pi t t sbu rgh  
11 - Reading 

Ph i l ade lph ia  - Albany 
II  - Harrisburg/York 

Baltimore - Raleigh/Durham 
\ - Trenton 

Washington - Binghamton, N . Y .  
11 - D a f l o n / ~ ~ r i n ~ f i e l d ,  Ohio 
11 - R i  chmond/pctcrsbwg 

Albany - Reading 
Poughkeepsie, N . Y .  - Harrisburg/York 

l! - Trenton 
Boston-Fichmond/Pet e r  sburg 
P i t t s b u r g h  - South Bend, Ind. 
Cleveland - D e t r o i t  

11 - M a n ~ f i e l d ,  Ohio 
Chicago - Appleton/Oshkosh. Wis. 

t l  - Det ro i t  
11 - Memphis 
ll  - Milwaukee 
11 - Spr ing f i e ld ,  Ill. 

+ 

, 

Milwaukee - For t  Wayne, Ind. 
De t ro i t  - For t  Wayne, Ind. 

11 - ~a lamazoo /Ba t t l e  Creek, Mich. 
Dayton/Springfield - For t  Wayne, Ind. 
Kalamazoo/Battle Creek, Mich. - Lima, Ohio 
S t .  Louis - Kansas City 

11 - Lima, Ohio 
11 - Nashvil le  

Kansas City - Ter re  Haute, Ind. 
Nashvi l le  - Huntsv i l le  

I1 - Terre  Haute , Ind . 
At lan ta  - H u l ~ t s  v i l l e  

11 - R i  rhmond/Pt?t.crsburg 

Dal las /F t .  Worth - Killeen/Temple, Texas 
I1 - Memphis 
11 - Tulsa 

Memphis - Huntsv i l le  
Tulsa - Spr ing f i e ld ,  Ill. 
Los Angeles - San Francisco/San Jose  

I1 - San Ddsgo 
II  - Sacramento 
11 '- Las Vegas 
11 - Bakersf ield 

Birmingham - Montgomery, Ala. 
i 



REPRESENTATIVE CITY-PAIRS 

1. ALBANY 18. KANSAS CITY 37. SAN FRANCISCO 
2. APPLETOMIOSHKOSH 19. K.ILLEEN/TEMPLE 38. SOUTH BEND 
3. ATLANTA 20. LAS VEGAS 39. SPRINGFIELD 
4. BAKERSFIELD 21. LIMA 40. ST.LOUIS 
5. BALTIMORE 22. LOS ANGELES 41. TERRE HAUTE 
6. BINGHAM'TON 23. MANSFIELD- 42. TRENTON 
7. BOSTON .24. MEMPHIS 43. TULSA 

25. MILWAUKEE 44. WASHINGTON ' 

8. CHI ZAG0 26. NASHVILLE . 
9. CLEVELAND 27. NEW YORK 
10. DP.LLASFORT VJORTH 28. PHILADELPHIA 
11: DAYTON .29. PITTSBURGH 
12. DETROIT 30. WONTGOMERY 

13. BIRMINGHAM ' 31. POUGHKEEPSIE 
32. 3ALEIGHlDURHAM . 14. FORT WAYNE 

15. HARRISE.URG 33. 3EADING 
16. HUNTSVILLE 34. RICHMOND 

17. KALAMAZ001 
35. SACRAMENTO 
36. SAN Dl  EGO 

BATTLE CREEK 

A 

N 
cn 
cn 
W 
I 
2 

0 

KEY NUMEERS TO ClTl 



Task 2 - Data Collection for Sample SMSA-Pairs 

The access/egress portions of a short-haul intercity trip take on special 
importance because they constitute significant fractions of the total trip time 
relative to the line-haul portion of th'e trip. For this reason, it was proposed that 

the cities which make up the 48 representative city-pairs be subdivided into zones, 
and that access time and cost values be calculated for each zone rather than as aver- 

.. ages for an entire SMSA. A total of 44 cities are involved in the 48 representative 
city-pairs. However, many of these cities are too small to justify zonal breakdowns. 
An additional part of Task 2 was a survey of commuter airlines; the survey is des- 
described separately, in Appendix 11, because it does not provide input to the 
analytical process as do other elements of this task. 

Zone Breakdowns 

In Table VIII, the 44 cities are divided into three groups: 1) those which are 
small enough to be represented by a single zone, 2) two-zone cities, which include 
'either sMSAfs consistin'g of two small cities or small neighboring Si%SAfs, and 3) large 
cities for which three or more zones are required for a thorough analysis. The number 
of zones applicable to each city in the third group is- indicated in Table VIII. 
Based on the numSers of zones in the table, the total number of zone-pairs which were 
considered to represent the 48 representative city-pairs was 554. 

The ultimate purpose of the zone breakdowns was to generate sufficient 
information to treat each zone-pair. There are two Sasic parts to this analysis: 
1) estimation of modal splits for each zone, and 2) estimation of total demand by 
zone-pairs . 

Modal Split Estimates - - - - - - - - - - -  

In the first part, each of the 44 cities (sMSA'S) is divided into zones, the 
number of zones being dependent on city size (population), and the zone boundaries 
being chosen to follow either county lines 'or geographic divisions (rivers, major 
highways). The central business district (CBD), as defined by 1970 census tracts, 
is always one zone because, relative to its population, the CBD always generates a 
large percentage of SMSA origins and.destinations. The next step is to locate 
terminals for the public modes, including all rail and bus stops, and a i r ~ n r t ~ s  11s~rl 

by trunk/local service and/or commuter carriers. For auto trips, cordon points are 
specified at locations through which intercity trips will tend to flow to link the 
city-pairs. Once the -terminal locations are known,,  access/e~ress distances, times, 
and costs can be estimated for each zone to each appropriate terminal. These access 
data, along with data describing the intercity modal characteristics, are sufficient 
to permit a modal split to be made for each zone pair. An example of the process 
used in developing zone-pair travel statistics is presented in Appendix I. 



TABLE VIII 

One-Zone 

Albany 
Bakers f ie ld  
Binghamton 
Birmingham 
For t  Wayne 
Huntsv i l le  
Las Vegas 
Lima 
Mansf i e l d  
Memphis 
Montgomery 
Nashvil le  
Poughkeepsie 
Seading 
Sacramento 
South Bend 
Spr ing f i e ld ,  Ill. 
~ e r r e  Haute 
Trenton 
Tulsa 

ZONAL BREAKDOWN OF CITIES 

Two-Zones 

~ a r r  i s b u r g / ~ o r k  
Dayton/springf i e l d  , Ohio 
~ a l a . m z o o / ~ a t t l e  Creek 
~ i c h m o n d / ~ e t e r s b u r g  
Rale igh/Durham 
~ p p l e t o n / ~ s h k o s h  
~ i l l e e n / ~ e m p l e  

. . 

Mult i-Zone 
No. Zones 

At lan ta  3 
Baltimore 3 
Boston 5 .  
Chicago 6 
Cleveland 4 . ,  

Dal l a s / f i .  Worth 4 
De t ro i t  4 

.Kansas Ci ty  3 
Los Angeles 10 
Milwaukee 3 
New York 12  
Phi ladelphia  6 .  
Pi t t sburgh  3 
S t .  Louis 5 

; San Diego 
I. 3 
: San Francisco 7 

Washington, D.C. 5 



Demand Estimates - - - - - - - -  

The second part of'the analysis determines the distribution of total demand by 
zone. Trip purpose plays an important role in this phase because some zones are 
more important trip generators than others (e.g., CBD vs suburban zone). Three 
characteristics have been identified to determine the demand distribution by zone. 
These are the percentages of: residences, employment, and hotel/motel rooms. 
~ep6nding on trip purpose, these characteristics determine where trip origins and 
destinations will be concentrated. For example, data from airport access surveys 
for Cleveland (Ref. 6) and New York (~ef. 7) suggest similar divisions of traveler 
origins using these criteria. Although these data are informative, they apply 
specifically to air travelers, whereas this study must consider travel by all modes. 
Since the NTS trip-purpose characteristics for short-haul travelers were available 
for use in this study (see Task 4), intuitive reasoning was used to derive the fol- 
lowing demand distribution rules using the NTS categories. These rules are qualita- 
tively similar to the trends found in the airport access studies, but they.are con- 
sidered to be less selkctive with respect to specific locality and, therefore, more 
appropriate for general application to the wide range of cities under study. 

N.TS Category Local Residents Visitors 

Susiness Business 
Convention 

50/ 50 Residence/Ehployment 100% Employment 
1 1  100% Hotel 

Personal Visit Friends. .& Relatives 100% Residence ' 100% Residence 
Recreation, Entertainment, 

Sightseeing I I 1.00$ Hot,e1 
Personal Affairs 11 50/50 ~esidence/ 

Hotel 

Using the county-level NTS data tape, primary trip purpose was established for 
the 44 cities in the study so that estimates could be made of the percentage of 
travelers originating or arriving at a destination in each of the three categories. 
Residence, employment, and hotel/motel counts made for each zone of each city were 
used to determine zonal demand distributions. 

The listing in Table IX documents the zones for each multi-zone SMSA, wit11 
makeup of -each zone comprising counties as the primary descriptor, and those zone 
characteristics - residence, employment; and' hotel/motel count - which were used to 
distribute total demand among the zones. 

With the zones defined as in Table IX, terminal locations for each mode were 
specified geographically in order that access/egress times and distances could be 
determined. Local maps were used to select access/egress routes from the computed 
centroid of .each zone (population center) to appropriate airports, bus and rail 

( ~ e x t  continued on page 27) 



TABLE I X  

CHiWACTERISTICS OF SMSA ZONES 

SMSA 

Atlanta  

Baltimore 

Boston 

- 
) 

% % % 
Resid. =ploy. Hotel 

0.16 8.6 32.0 

55.0 67.2 41.6 

44.84 24.2 26.4 

0 . 3 7.2 52.4 

77.4 78.5 33.6 

22.3 14.3 14.0 

3.4 8 .1  9.9 

21.5 10.9 12.4 

37.0 35.5 17.2 

31.7 43.7 56.2 

6 .3  1 . 7  4.4 

0.07 7.8 30.5 

42.48 41.9 30.6 

18.64 16.3  23.8 

13.10 11.5 1 .8  

17.34 15.0 12.4 

8.37 7.5 0.9 

0 .3  8 . 3  29.6 

72.7 73.7 62.1 

11.7 6.7 6.8 

1 .  11.3 1.4 

0.15 7.2 28.5 

25.25 22.6 3.6 

42.55 44.4 42.5 

32.05 25.8 25.4 

Zones 

3 

3 

5 

6 

4 

4 

Chicago/ 
Gary- 
Hammond- - 
East  Chicago 

C 1  eveland/ 
Lorain- 
E l y r i a  

Dallas- 
Ft. Worth 

Zone Description ( ~ i t y / ~ o u n t y )  

1 At lan t s  CBD 

2 Fulton less CBD; Cobb 

3 Dekalb; Clayton; Cwinett 

1 Baltimre CBD 

2 B a l t i m r e  less CBD; Harford 

3 Car ro l l ;  Howard; Anne Arundel 

1 Boston CBD 

2 Essex; p a r t  of  Suffolk 

3 Most of Middlesex 

4 Norfolk; p a r t s  of  Suffolk ,  Middlesex 

5 Plymouth 

1 Chicago CBD 

2 Chicago less CBD 

3 B a l .  c f  Cook ( c e n t r a l ) ;  Kane ( sou th ) ;  DuPage 

4 Bal. cf Cook ( sou th) ;  W i l l  

5 ga l .  c f  Cook(north) ; ~ a n e  ( n o r t h )  ; McHenry ; Lake (111. ) 

6 Lake (~nd . ) ;  Por te r  (1nd.l 

1 Cleveland CBD 

2 B a l .  c f  Cuyahoga 

3 Lake; Ceauga 

4 ~ e d i n i ;  Lorain 

1 Dallas City CBD 

2 Bal. of ~ a l l a s ( n o r t h ) ;  Denton; Col l in ;  Rockwall 

3 B a l .  of ~ a l l a s ( s o u t h ) ;  Dallas City less CBD; E l l i s ;  Kaufman 

4 J ~ h n s o n ;  Tarrant 



C:HARACTERI $TICS OF SMSA ZONES ( k n t  ' 6 .  ) 

% % % 
Resid. Employ. Hotel. 

0 . 1  5.7 2 9 . 2 .  

34.3 32.6 9 .9  

30.2 31.4 39.3 

35.h 30.3 21.6 

0 . 1  6 .8  32.2 

60.3 64.8 44.8 

39.6 28.4 23.0 

0 . 1  3.5 10.3  

21.1 23.6 35.2 

0.1 0.2 0.2 

'13.2 13.3 10.0 

11.7 11.7 2.0 

16.2 16.4 2.7 

10 .g 10.9 4.6 

11.9 7.4 14.2 

7 .9-  6.5 15.1 

6.9 6.5 5.7 

0.1 7.5 43.5 

61.6 62.8 30.8 

38.3 29.7 25.7 

11.8 3.9 16.1 

1.0 8 . 3  25.1 

0.8 8.6 33.4 

4 . 1  12.2 3.2 

3.9 3.2 0 

7.8 8..0 0.7 

-- 

Zone I e s c r i p t i o n  ( c i t v / ~ o u n t v )  

1 Det:oit 'CBC 

2 Bal.. of Det ro i t  

3 Bal. of Wayne; J ~ s h t e n a w  

4 Slaccmb ; . Oakland 
- - -. 

1 Kanses City,  Plo. CBD 

2 Jackson l e s s  CB3;  Cass, Mo; Clay, Mo. 

3 Buct-anan, Mo. ; ? l s t t e ,  Mo.; Johnson, Kan. ; Wyandotte, Kan. 

1 Los Pngeles CBD 

2 Los .Angeles City (:south) 1 , ~ s ~  LA CBD 

3 Long Beach CBD 

h Los Angeles (southwest)  l e s s  LB CBD 

5 Los .9ngeles ( sou theas t )  

6 Los -4ngeles ( n o r t h z a s t )  . 
7 Los Angeles ( n o r t h r e s t )  

8 Riverside; Ean Eernardino. 

9 0ran3e ( n o r t h )  

10 ~ r a n 3 e  ( sou th )  

1 Milwaukee C H I  

2 -1. of Milwaukee 

3 3zaukee ; Washington; Waukesha; Rac ine  ; Keno5 ha 

1 Ypper Manhattan 

2 :4ideast Manhltte.7 
' 

3 Midwest Manhztta.7 

4 Lower Manhattan (CBD) 

5 Bronx 

6 Eings 

SMSA 

Det r c i  t I' 
Ann Arboi 

Kansas City/  
S t .  Joseph 

- 
Los Angeles- 
Long Beach/ 
Anaheim-Sant a 
Ana-Garden Grove/ 
Riverside- 
San Bernardino 

Milwaukee/ 
.Racine/ 
Kenosha 

New Yorkj 
Newark/Nessau- 
Suffolk/  
F a i r f i e l c  

Zones 

4 

3 

KO 

3 

12 



TABLE IX (Cont 'd) 

CHARACTERISTICS OF SMSA ZONES ( ~ o n t ' d )  

% % % 
Resid. h p l o y .  Hotel 

9 .8  6.9 2.3 

15.7 10.0 3.9 

15.7 8.6 4.7 

13.7  15.3  3.8 

9 .8  9.4 3.5 

5.9 5.4 3.3 

1.1 6 . 1  31.9 

22.5 24.8 8.3 

21.2 19.3  14.7 

21.8 16.3  16.1  

13.8 13.3  11.8 

19.6 20.2 17.2 

0.12 8.7 48.0 

55.29 49.8 25.2 

44.59 41.5 26.8 

0.03 4 .1  20.7 

23.97 39.5 25.1 

45.57 33.9 45.7 

7.45 3.1 0 

22.98 19.4 8.5 

0.b 4.2 30.5 

51.4 47.9 36.9 

48.2 47.9 32.6 
a 

SMSA 

New York/ 
e t c .  , 

cont 'd. 

Phi ladelphia1 
Wilmington/ 
Vineland- 
M i l l v i l l e -  
Bridgeton 

P i t t sburgh /  
Steubenvi l le-  
Weirton 

S t .  Louis 

San Diego 

L 

Zones 

6 

3 

5 

3 

Zone Description (c i ty /coun ty)  

7 Queens 

8 Nassau; Suffolk 

9 Westchester; Putnam; F a i r f i e l d ,  Conn. 

10  Richmmd; Essex; N . J . ;  Union, N . J . ;  Morris, N . J . ;  Hudson, N . J .  

11 Rockla?d; Orange ; Bergen, N .  J . ; passaic  . N .J. 

1 2  Middlesex, N .J. ; Monmouth, N .  J .  ; Somerset, N .  J .  

1 Phi ladelphia  CBD 

2 Phi ladelphia  ( n o r t h )  less CBD 

3 Phi ladzlphia  (southwest ) l e s s  CBD 

4 New Je r sey  Counties:  Burlington; Camden; Salem; Cumberland; Gloucester 

5 Chester;  New Castle, Del. ; Ceci l ,  Md. 

6 Bucks; Montgomery 

1 Pi t tsburgh CBD 

2 B a l .  of Allegheny ( n o r t h )  ; Westmoreland 

3 Bal. of Allegheny ( sou th)  ; Beaver; Brooke; Hancock; Je f fe r son ;  Washington 

1 S t .  Louis CBD 

2 B a l .  of S t .  Louis City 

3 B s l .  of S t .  Louis; S t .  Charles 

4 Franklin ; Je f fe r son  

5 Madism, Ill. ; S t .  Clair , Ill. 

1 San Diego CBD 

2 San Diego ( sou th)  

3 San Diego (nor th )  



... TABLE I X  ( ~ o n t  Id) .  

CHiARACTERISTICS OF SMSA ZOIJES ( ~ o n t  Id)  

% % X I  
Resid. l h ~ l o y .  Hotel 

0.6 10.4 51.9 

15.0 19.1 15.0 

13.1 11.9 12.6 

0.4 0.9 0 

26.3 25.0 9.7 

25.9 22.4 9.5 

18.7 10.3 1 .3  

1 . 4  15.8 34.9 

22.8 24.2 28.5 

9.4 14.0 18.3 

24.8 15.4 9.5 

41.6 30.6 8.8 

SMSA 

San Franeisco- 
Oakland/ 
San Jose 

Washington, D.C .  

Zones 
w 

5 

Zone Descriptions ( ~ i t - r l ~ ~ u ~ t v )  

1 San Francisco CE-D 

2 Bal. of San Frarci;~.:, 

3 5an Mateo 

4 3an Jose CBD 

5 ~ a l .  o r  Santa Clara 

6 Alameda 

7 Contra Costa; M a r i m  

1 Washington CBD 

2 DC (nor th )  

3 DC ( sou th) ;  Arlfngtc.s, VA; F a i l s  Church ( c i t y ) ;  Alexandria ( c i t ; ~ )  

4 Prince Georges, ?Id. ; Charles,  Md. 

5 &ntgomery, Md. ; Louden, Ve. ; Prince Willian, Va; F c i r f S x ,  V a .  



t e rmina l s ,  and au to  cordon p o i n t s .  s i n c e  publi'c-mode access  po in t s  a r e  o f t e n  
numerous, p a r t i c u l a r y  f o r  bus,  t h e  most l i k e l y  te rmina l  was chosen f o r  each zone. 
Note t h a t  t h e  major SMSA's a r e  genera l ly  connected t o  more than  one o the r  SMSA i n  
t h e  c i ty -pa i r  l i s t ;  t h e r e f o r e ,  t h e  choice of te rmina ls  f o r  a pag t i cu l a r  zone o f t e n  
var ied  with c i t y -pa i r .  

Each te rmina l  was assigned a code number and a l i s t  of te rmina l -pa i rs  was made 
f o r  each zone-pair. An i temiza t ion  of t h e  numbers of zone-pairs and terminal-pai 'rs 
f o r  each c i ty -pa i r  appears i n  Table X.  As ind ica t ed ,  a t o t a l  of 554 zone-pairs a r e  
used t o  descr.ibe t h e  48 representa t i -ve  ~ i t ~ - ~ a i r s  s e l e c t e d  i n  Task 1. The t o t a l  
number of te rmina l -pa i rs  requi red  t o . a n a l y z e  t h e  access/egress  po r t ions  of i n t e r c i t y  
t r i p s  i s  363, where au to  cordon po in t s  a r e  used t o  represent  t h e  d iv i s ion  between 
l o c a l  .and i n t e r c i t y  por t ions  of  au to  t r i p s .  

In  add i t i on  t o  t h e  zone breakdowns, da t a  =re  gathered t o  descr ibe  s e r v i c e  
l e v e l s ,  inc luding  i n t e r c i t y  d i s t ances ,  block t imes,  f a r e s ,  and f requencies .  For 
t h e  a i r  mode, t h e  1976 OAG t a p e  was in t e r roga ted  t o  obta in  f r e q u e n c i e s ' f o r  each 
te rmina l -pa i r  among t h e  48 c i ty -pa i r s .  These da t a  were processed manually f o r  bus 
and r a i l ,  using published schedules .  This complete documentation of t h e  t ime and 
d i s t ance  c h a r a c t e r i s t i c s  of a l l  t r i p s  between t h e  r ep re sen ta t ive  c i t y - p a i r s  was 
en tered  i n t o  t h e  modal-split program a s  t h e  primary da t a  base f o r  determining t h e  
modal s p l i t  f o r  each zone-pair. 

Demand, modal s p l i t ,  and energy consumption f o r e c a s t s , f o r  t h e  48 r ep resen ta t ive  
c i ty -pa i r s  were aggregated t o  t h e  t o t a l  5311 SMSA-pair, short-haul  system by 
applying an expansion f a c t o r  t o  each r ep resen ta t ive  c i ty -pa i r .  These f a c t o r s  were 
computed by t ak ing  t h e  r a t i o  of  t h e  t o t a l  passenger-miles of a l l  t h e  SMSA-pairs i n  
each category t o  t h e  passenger-miles of  t h e  r ep re sen ta t ive  SMSA-pair. Since each 
r ep resen ta t ive  c i ty -pa i r  was chosen, i n  p a r t ,  t o  have demand ,and d i s t ance  charac te r -  
i s t i c s  near  i t s  category ,average, t h e  expansion f ac to r s '  a r e  approximately equal  t o  
t h e  number of c i t y -pa i r s  i n  each category,  shown i n  Tables I V - V I .  
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NUMBERS OF ZONE AAD TERMINAL PAIRS 

Auto terminals correspond t o  cordon points located on major highways near each c i ty .  

- 

I 

No. 

1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12  

1 3  
14 

1 5  

16 

1 7  

18 

19 

20 

21 

22 

2 3 

24 

25 

26 

27 

28 

29 

30 

31 

32 

City Pa i r  

New York -Albany 

-Boston 

-Philadelphia 

-Pit tsburgh 

-Reading 

Philadelphia-Albany 

-Harrisburg 

Baltimore -Raleigh 

-Trenton 

Washington -Binghamton 

-Dayton 

. -Richmond 

Albany -Reading 

roughkeepsie-Harrisburg 
I 

,Trent nn 

Boston -Richmond 

Pit tsb-argk -South Bend 

Cleveland -Detrcit  

-Mansfield 

Chicago -Appleton 

-Detroit  

-Menphis 

-ttilwa&ee 

-Springfield 

Milwaukee -Ft. Wa-yne 

Detroi t  -Ft .  Wayne 

-Knlomazoo 

Dayton -Ft. Wayne 

Kalamazoo -Lima 

S t .  Louis -Kansas City 

-Lima 

-Nashville 

1 39 

34 

35 

36 

37 

38 

39 

LO 

41 

42 

43 

4 4 

4 5 
46 

!I 7 
48 

Zonepa i r s  

12  

'60 

. 72  

36 

12 

6 

12 

6 

3 

5 

10 

10 

1 

2 

1 

10 

3 

16 

4 

12  

24 

6 

18 

6 

3 
4 

8 

2 

2 

1 5  

5 

5 
I:ausas ~ i ~ y  -.l'erre nauet 
Nashville , -Huntsville 

-Terre Haute 

At lanta  -Huntsville 

-Richmond 

Dallas -Killeen 

-Menphis 

-Tulsa 

Memphis -Huntsvil le 

Tulsa -Spri.ngfi~l.rl 

Los Angeles -San Francisco 

-Sen Diego 

-Sacramento 

- h s  Vegas 

- W c r t i r l a l d  

Birmingham -Montgomafy 

TOTAL 

3 

I 

1 

3 

6 . 1  

8 

4 

4 

1 

1 

70 

30 

10 

10 

I. o 
1 - 

554 

- - 1 1  1 

1 . -  - - 1  1 

- - - 1 1  

1 - - 1 1  
- - 2 1  

2 2 3 1. - 
1 - - 2 1 

1 .  - - 3 1  

1 - - 1 1 

: I 1  

1 3  - 8 20 1 

4 - 4 10 1 

3 - - 6 1  

4 - - 7 1  

1 - - 6 1 

1 - 1 1  1 - - --- 
62 20 e3  150 48 

Terminal Pa i r s  
T/LS Commuter Rai l  Bus Auto*. 

3 - 2 2 1  

3 - 10 2 . 1  

3 5 15 6 1 

3 - 2 2 1 

- 2 - 2 1  

1 - 3 3 1  

- 1 4 3 1  

1 - 1 2 1  

- - 1 1 1 '  

- 2 - 1 1  

2 - 1 2 1  

2 - 4 5 1  

- - - 1- '1 

- - 1 1 1  - 1 1  1 .  

1 - 4 '  3 1 ' 

1 - - -  1 1 

1 1 - 6 1  

- 1 - 2 1  

1 1 - b 1 

1 1 2 4 1  

1 - 2 2 1  

1 ' 1  4 4 1  

1 1 2 -2 1 

- - 2 2 1 

1 1 - 2 1 

1 1. 4 14 1 

- - - 2 1  

- - - 2 1  

1 - 2 6 1  

- - - 2 1 

1 - - 2 1  

I 



Task 3 - Development of  Energy Data Base 

The ob jec t ive  of Task 3 was t o  develop energy i n t e n s i t y  f a c t o r s  f o r  each shor t -  
haul  t r a n s p o r t a t i o n  mode. These f a c t o r s  were used t o  es t imate  f u e l  consumed f o r  
each s t r a t e g y  evaluated i n  Task 5 .  The bas i c  approach was t o  compile da t a  on each 
mode from t h e  extensive a r r a y  of l i t e r a t u r e  sources a v a i l a b l e ,  disaggregate  t h e s e  
da t a  a s  requi red ,  and cons t ruc t  block fuel-vs-dis tance curves f o r  each veh ic l e  type.  
For a l l  publ ic  modes, access  t r a v e l  was computed, i n  d e t a i l ,  a s  descr ibed i n  Appendix 
I ,  assuming automobile access  from s p e c i f i c  o r i g i n  po in t s  i n  each c i t y ,  t o  t h e  appro- 
p r i a t e  t e rmina l ,  and from t h e  te rmina l ,  i n  each d e s t i n a t i o n  c i t y ,  t o  t h e  d e s t i n a t i o n  
zone. 

Airplane Fuel Consumption 

Most of t h e  da t a  requi red  t o  document f u e l  i n t e n s i t y  of  commercial a i r c r a f t  was 
on hand a t  UTRC p r i o r  t o  t h e  i n i t i a t i o n  of t h i s  study with t h e  exception of  some of 
t h e  smal les t  a i r c r a f t  p re sen t ly  operated by commuter c a r r i e r s .  A s  i nd i ca t ed  i n  
Table X I I ,  seven a i r c r a f t  c l a s s e s  were defined and da t a  were assembled t o  document 
f u e l  i n t e n s i t y  of t h e  primary a i r c r a f t  i n  each c l a s s  based on commuter, l o c a l  
service, ,  and domestic t runk  a i r l i n e  experience. '  

The ava i l ab l e  s e a t i n g  capac i ty  and f u e l  usage f o r  t h e  a i r p l a n e s  i n  Class 1 a r e  
based on manufacturers '  da t a  from Ref. 8. The performance and s e a t i n g  capac i ty  f o r  
a l l  o t h e r  c l a s s e s  of a i r p l a n e s  a r e  based on t h e  experience of t h e  l o c a l  s e r v i c e  and 
domestic t runk  a i r l i n e s  a s  repor ted  i n  Refs. 9 and 10.  To in su re  t h a t  t h e  block 
f u e l  f o r  each a i rp l ane  r e f l e c t s  r e a l i s t i c  usage by t h e  a i r p l a n e  indus t ry ,  t h e  
weighted average s t age  l eng th  and block f u e l  f o r  each a i rp l ane  type  were determined 
from 1974 da t a  (Ref.  9 )  and ex t rapola ted  t o  o the r  s t a g e  lengths  based on manufacturers 
recommended da t a  and a i r l i n e  experience a s  given i n  Refs.  11 t o  13.  When a c o n f l i c t  
ex i s t ed  between t h e  manufacturer 's  s p e c i f i c a t i o n  da t a  ( a s  i n  Ref. 1 2 )  and a i r l i n e  
experience ( a s  used i n  Ref. 1 3 ) ,  t h e  l a t t e r  were used. Such d a t a  ( i n  t h e  case  of 
Ref. 1 3 )  r e f l e c t  an agreement among Lockheed, McDonnell Douglas, and United A i r l i n e s  
a s  t o  r e a l i s t i c  values . for  a recent  NASA study (RECAT) .' 

The energy consumption of short-range commuter and l o c a l  s e rv i ce  a i rp l anes  
(Classes  1 and 2 )  i s  given i n  Fig.  3. The lef t -hand por t ion  of t h e  f i g u r e  shows 
t . h ~  g a . l l n n s  n f  file1 biirnerl f o r  s t age  lengths  up t o  500 mi l e s  Block f u e l  increases  
with s i z e  of a i rp l ane  (seat.ing capac i ty )  and length  of haul .  The right-hand por t ion  
of F ig .  3 shows t h e  energy i n t e n s i t y  of t h e s e  a i rp l anes  a s  a func t ion  of range. 
Conversion f a c t o r s  from ga l lons  t o  Btu ' s  f o r  t h e  d i f f e r e n t  f u e l s  used i n  t h i s  study 
a r e  given i n  Table X I I I .  I n  a l l  c a ses ,  t h e  lower hea t ing  value i s  used,  following 
common p r a c t i c e ,  s ince  t h e  hea t  of condensation of t h e  f u e l  i s ,  f o r  t h e  most p a r t ,  
not  gained i n  t h e  engine cyc l e .  

The de Havilland DHC-6 and t h e  Beech 99 a i rp l anes  cannot c a r r y  f u l l  payload . . 
500 mi les .  Therefore,  a t  t h e  range where payload i s  off-loaded, energy i n t e n s i t y  
begins t o  i nc rease  because o f  t h e  l o s s  i n  a v a i l a b l e  s e a t s .  I n  genera l ,  t h e  energy 
i n t e n s i t y  of s m a l l ,  piston-engine commuter a i rp l anes  i s  about 2000 Btu per  a v a i l a b l e  
s e a t  mi le  ( B t u / A s ~ ) ,  while  t h e  turboprop-powered l o c a l  s e r v i c e  a i rp l anes  show energy 
i n t e n s i t i e s  of about 3500 Btu/ASM. 

"Cost/Benefit Tradeoffs f o r  Reducing t h e  Energy Consumption of.Commercia1 A i r  

~ r a n s ~ o r t a t i o n  . NASA CR-137877, June 1976. 



TFUUSPORT AIRCRAFT ANALCZED 

99 
B707, B727, 
B737, B . T ~ T  

4 0 2 ~  
cv- 58 :, 

DHC-6, 3HC-7 
FH- 222 

DC-8, DC-9, DC-10-10 
~ 2 6 2  

PA-32-300 
SD 3- 31:' 

Airplane 
C l ~ s  

Manufacturer 

Beech 
Boeing 
Boeing 
Cessna 

General DynartiicsjC~nvair 
de Havillamd 

.. F a i r c h i l d  
hlcDonnel1 Douglas 

::Iord Aviat ion,  SNEMA 
Piper  

Shozt Eros . & Harland, Ltd. 

4 
Number Engines 

& Engine Type 

1 5-10 

15-50 

75-100 

102-132 

162 

27 5 

366 

Sea ts  

1-2 P is ton  

. 
PA-32-30, Cessna 4 0 2 ~  

Beecn 93, DHC-6, ~ 2 6 2 ,  
SD3-30, DIIC-7 ,FH-227, CV-580 

DC-9, B737 

B727 

Dc-8, B707 

DC-10-111 

B747 
- 1  

A i r c r a f t  

'. 

- - 

4 

5 

6 

7 

2-4 T-utoprops 
\ 

2 T c r t c f m s  

3 Tcrtcfans 

4 T w t c f a n s  

3 Turbofans 

4 Turbofans 



TABLE X I 1  I 

Fuel Type . 

Gasoline 

Aviation Gasoline 

J e t  Fuel 

I 

Spec. 
Gravity 

0.755 

0.705 . 

0.816 

0 853 

Ref. 

14 

15 

15 

16 

Lower Heating Value 
Btu/lb Btu/gal 

18,500 116,400 

19,040 112,000 

18,560 126,200 

18,360 130, goo 

Higher Heating Value 
Btu/lb ~ t u / ~ a l .  

20,170 126,900 

20,440 120,200 

19,810 134,700 

19,500 138,840 
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ENERGY CONSUMPTION DATA FOR SHORT-RANGE COMMUTER AND LOCAL SERVICE AIRCRAFT 2 
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ul 

4000 D H C  6 
S03-30 

BEECH 99 NORD 262 

'OoO PIPE3 PA32 

DHC-7 
CESSNA 402 

0 
01 STAGE LENGTH-ST.MI. 



Figures  4 and 5 present  block f u e l  and energy i n t e n s i t y  f o r  t h e  turbofan-  
powered a i rp l anes  i n  use with l o c a l  s e rv i ce  and domestic t runk  a i r l i n e s .  Figure 4 
shows t h e  performance f o r  t h e  medium-range 2- and 3-engine turbofan-powered t r a n s -  
p o r t s ,  with energy i n t e n s i t y  of r ep re sen ta t ive  a i r c r a f t  from Fig.  3 i n  dashed 
curves t o  add perspec t ive .  .These medium-range t r a n s p o r t s  show energy i n t e n s i t i e s  
a s  much a s  t h r e e  t imes t h a t  of t h e  commuter a i rp l anes  a t  ranges l e s s  than  .200 mi les .  
However, a t  ranges g r e a t e r  than  200 mi les ,  t h e . f u e l  i n t e n s i t i e s  of the.DC-9-30 
and B-737-200 a i r c r a f t  become equal t o  o r  b e t t e r  than  t h e  turboprop a i r p l a n e s  (such 
a s  t h e  Convair 580) used by l o c a l  s e r v i c e  a i r l i n e s .  Figure 5 p re sen t s  block f u e l  
and energy i n t e n s i t y  f o r  long-haul t runk  a i r p l a n e s ,  with r ep re sen ta t ive  a i r c r a f t  
from Figs .  3 and 4 ,  again t o  show perspec t ive .  

Figure 6 summarizes t h e  energy i n t e n s i t i e s  of  a l l  c l a s s e s  of a i r c r a f t  con- 
s idered .  It i s  evident  t h a t  t h e  l a r g e  a i rp l anes  a r e  i n e f f i c i e n t  a t  ranges l e s s  than  
500 m i ,  but  a t  longer  ranges have f u e l  i n t e n s i t i e s  equal t o  o r  b e t t e r  than t h e  
.smaller turboprop-powered t r a n s p o r t s .  

Automobile Fuel consumption 

Fuel consumption of automobiles on i n t e r c i t y  t r i p s  i s  subjec t  t o  a wide-range 
of va r i ab l e s :  veh ic l e  mix, d r i v e r  habi ts . ,  highway speeds, and t e c r a i n  v a r i a t i o n s .  

3 
Vehicle v a r i a t i o n s  include automobile s i z e ,  weight,  model year  d i s ' t r i bu t i cn ,  power 
op t ions ,  and mechanical condi t ion.  Since adequate source d a t a  a r e  not  a v a i l a b l e  t o  
t r e a t  t h e  e f f e c t s  of a l l  of t h e s e  ' f ac to r s  on f u e l  economy e x p l i c i t l y ,  an "average" 
automobile.was defined.  The d e f i n i t i o n  i s  intended t o  represent  t h e  populat ion of 
automobiles t h a t  w i l l  be on t h e  highways . i n  1980. It accounts f o r  such considera- 
t i o n s  a s  sales-weighted automobile s i z e ,  model year  d i s t r i b u t i o n ,  and EPA f u e l  
economy r a t i n g s  . 

Figure 7 shows t h e  automobile sales-weighted f u e l  economy (SWMPG) f o r  c a r  model 
years  from 1967 t o  1980. The S W G  f o r  c a r  model years  1967 t o  1975 a r e  taken from 

Ref. . l7 ;  t h e  SWMPG values f o r  1978 t o  1980 a r e  t h e  1975 Congressionally mandated 
l e v e l s  ( ~ e f .  18)  imposed on t h e  automobile i ndus t ry  f o r  t hose  Years. 

To achieve t h e  1980 MPG l e v e l  w i l l  r equ i r e  improvements of about 25 percent  
over t h e  f u e l  economy t y p i c a l  of pre-emissions con t ro l  automobiles (1957 t o  1967 
models).  Figure 8 shows t h e  1957-1967 l e v e l s  o f - f u e l  economy a s  a func t ion  of ca r  
i n e r t i a  weight ( ~ e f .  1 9 ) ,  a n d , t h e  p o t e n t i a l  1980 improvements and theo re t ' i c a l  l i m i t s  
f o r  conventional engines quoted by t h e  t a s k  fo rce  on motor veh ic l e  goa ls  ( ~ e f .  20)". 
Also shown on Fig .  8 i s  t h e  l e v e l  of f u e l  economy f o r  a 25 percent  i nc rease  over 
pre-emissions con t ro l  automobiles. 

* Reference 21 a l s o  shows l e v e l s  of f u e l  economy s i m i l a r  t o  t h e  1975-1985 t h e o r e t i c a l  
l i m i t  of Ref. 20. 

( ~ e s t  cont inues on Page 39) 



ENERGY CONSUMPTION DATA FOR MEDIUM-RANGE TRUNK AND LOCAL SERVICE AIRCRAFT 
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AUTOMOBILE FUEL ECONOMY 
(URBAN DRIVING CYCLE) 

1 
SWMPG = - 

Si - SALES FRACTION OF AUTOMOBILE CLASS i 

MPGi - FUEL ECONOMY (MIIGAL) OF AUTOMOBILE CLASS i 

FIG. 7 
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AUTOMOBILE FUEL ECONOMY VARIATION WITH VEHICLE WEIGHT 

(URBAN DRIVING CYCLE) 

FIG. 8 



Based on 1980 s a l e s  f r a c t i o n  es t imates  ( ~ e f .  22) shown i n  F ig .  9 ,  t h e  SWMPG of 
1980 model year  c a r s  was est imated f o r  t h e  t h r e e  p ro j ec t ed  1980 f u e l  economy l e v e l s  
shown i n  Fig.  8. As can be seen i n  Table XIV, t h e  assumed 25 percent  i nc rease  over 
1957-1967 c a r s  comes c lose  t o  achieving t h e  17 .3  I P S  t a r g e t  mandated by Congress f o r  
1980 c a r s .  

The average automobile mi les  pe r  ga l lon  (AMPG) of t h?  f l e e t  of c a r s  t h a t  w i l l  
be  on t h e  highways i n  1980 i s  given by Eq. (1). - 

C m i N i  
AMPG = 

m i ~ I / ~ ~ ~ i  
where 

(1) i is  t h e  model year  f o r  1960 t o  1980 

( 2 )  mi i s  t h e  miles  t r ave l ed  by c a r s  of mode lyea r  i i n  1980 

(3)  N i  i s  t he  number of c a r s  of  model year  i i n  use  i n  1980 

(4) S'WG~ i s  t h e  sales-weighted mi les  pe r  ga l lon  of c a r s  of model year  i. 

The annual miles  per  automobile ( m i )  a s  a  func t ion  of  automobile age i s  given 
i n  F ig .  10 ,  based on da t e  from t h e  1969-1970 Nationwide Personal  Transpor ta t ion  Survey 
( ~ e f .  24 ) .  A s  can be seen,  t h e  annual c a r  mi les  tends  t o  decrease from 18,000 miles  
i n  t h e  f i r s t  year  t o  6,600 mi les  f o r  automobiles over  1 0  years  of age. 

.. The e s t ima te .o f  t h e  populat ion of automobiles i n  use i n  1980, taken from Ref,  25, 
was combined with da t a  from Figs .  7  and 10 ,  a s  shown i n  Table XV, . t o  g ive  t h e  1980 
average c a r  f u e l  economy of 14 .4  MPG. This estfmate o f  t h e  AMPG r ep re sen t s  t h e  f u e l  
economy of t h e  average automobile over t h e  FedkraPTes t  Procedure (FTP) represent ing  
an. urban d r iv ing  cyc le .  

Figure 11 shows t h a t ,  based on t h e  EPA highway d r iv ing  cyc le ,  hkghway d r iv ing  
w i l l  improve f u e l  economy of  1975 c a r s  by about 40 percent  over t h e  urban d r iv ing  
cycle .  This  f a c t o r  can the re fo re  be appl ied  t o  convert t h e  urban va lue  of AMPG t o  
g ive  an e s t ima te  of average highway f u e l  economy. The r e s u l t  i s  t h a t  t h e  urban 
f u e l  economy f i g u r e  of  14 .4  MPG i s  equivalent  t o  20.2 MPG f o r  highway d r iv ing .  The 
i m p l i c i t  assumption i n  t h i s  process  i s  t h a t  t h e  r a t i o  of  c i t y  f u e l  economy t o  high- 
way f u e l  economy i s  t h e  same f o r  each c a r  model yea r ,  and t h a t  t h e  d i s t r i b u t i o n  
of ca r s  making i n t e r c i t y  t r i p s  i s  t h e  same a s  t h e  d i s t r i b u t i o n  of s a l e s  i n  each 
model yea r .  I n  o the r  words, t h e  incidence of ca r s  on i n t e r c i t y  t r i p s  by age and 
weight d i s t r i b u t i o n  i s  propor t iona l  t o  t h e  o r i g i n a l  s a l e s  d i s t r i b u t i o n  of each 
c a r  model. 

Automobile f u e l  consumption i s  s t rongly  a f f ec t ed  by c r u i s e  speed, a s  i nd ica t ed  
by t e s t  d a t a  f o r  d r iv ing  a t  constant  speed over a  l e v e l  road ( ~ e f s .  26 and 1 2 ) .  
Therefore,  t o  model t h e  e f f e c t  of  changes i n  highway speeds o f  f u e l  economy, t h e  
leas t - squares  curve fit (Ref. 1 2 )  of t h e  FHWA speed t e s t  d a t a  ( ~ e f .  26) was weighted 
by t h e  1971 veh ic l e  mix ( ~ i g .  9.) t o  ob ta in  t h e  p a r i a t i o n  of f u e l  economy with speed 

(Text continued on Page 45)  



T-IBLE XIV ' 

SUS-WEIGHTED FUEL ECONOMY OF 1980 MODEL CARS 

Automobile Class 

Subcompact 

compact 

Intermediate 

Standard 

Luxury 

% Sales 
( ~ e f  . 20 ) 

3 0 

2 o 

20 

15 

15 

100 , 

Weight 

( l b  ) 

2400-2800 

2800-3200 

3600-4000 

4000-4400 

4700-5400 

Sales-Weighted Fuel Economy 

(SWG ) 

Theoretical 

39 

3 3 

26 

2 4 

21 

28.7 

25% Incr . Over 
~=957-~=967 

23 

19 

i 6  

15 

14 

17.6 

Fuel Economy, MPG 
1980 Pnt,ential 

3 1 

26 

20 

18 

17 

22.5 



TABLE X7 

AUTOMOBILE mTEL ECONOMY I N  1980 
1 

Gal ons 9 
. qj 

109 

8.65 
11.60 
10.11 

9.01 
. 7.60 

7.65 
7.98 
7.00 
5.78 
3.94 
2.34 
1.70 
1.33 
0.89 
0.68 
0.47 
0.26 
0.15 
0.08 
0.04 
0.02 - 

87.27 

9 . C a r  .liles ax@ 
109 

149.58 
190.16 
157-74 
135.17 
log .  41 
105 57 

9'7.38 
85.72 
72.21 
50.01 
30.36 
21.87 
17.38 
12.22 

9.37 
6.46 
3.58 
2.09 
1.12 
0.52 
0.32 

1258.24 

8 S G 

17 3 
16.4 
is  .S 
150 
14.4 
13.6 
12.2 
12.25 
12.5 
12.7 
13.0 
12.9 
13 .1  
13.7 
13.7 
13.7 
13.7 
1 3  7 
13.7 ' 

13.7 
13.7 

9 Annu Car 
Mileage 

mi 

l o 3  

18.0 
16.8 
14.6 

1 12.6 
10.5 
10.5 
10.5 
10.5 
10.5 

9.0 
7 - 0  
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 

0 
Car 

Model Year 

1980 
1979 
1978 
1977 
1976 
197 5 
1974 
1973 
197 2 
1 9 7.1 
1970 
1969 
1968 
1967 
1966 
1965 
1964 
1963 
1962 
1961 
1960 

TOTAL 

0 Cars 1n.Use 
( Ju ly  1980 ) 

Ni 

106 

8.310 
11.319 
10.804 
10.728 
10.420 
10.054 

9.274 
8.164 
6.877 
5.557 
4.. 337 
3.313 
2.634 
1.852 ' 

1.420 
0 979 
0.543 
0.316 
0.169 
0.079 
0.049 

10.7.198 



FIG. 9 

PASSENGER CAR SALES BY MARKET CLASS, INCLUDING IMPORTS . .  . . . ,  

(REF 22, 23) 
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ANNUAL AUTOMOBILE MILEAGE 

REPORT NO. 2 APRIL 1972 (REF 24) 

FIG. 10 

0 NATIONWIDE PERSONAL TRANSPORTATION STUDY 

ANNUAL MILES OF AUTOMOBILE TRAVEL 
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SALES-WEIGHT.ED FUEL ECOMONY OF'1975 CARS BY TEST WEIGHT CLASS 
(REF 17) 

VEHICLE WEIGHT-1000 LBS. 

FIG. 11 



shown i n  Fig. 12.  The d a t a  i n  Fig.  12  were f i r s t  normalized t o  t h e  1971 SW4PG 
f u e l  economy .of t h e  EPA urban d r iv ing  cycle  (upper curve)  and then  ad jus ted  t o  give , . 

a f u e l  economy r a t i o  of 1 .40  a t  55 mph. Thus, t h e  lower curve approximates speed 
e f f e c t s  on t h e  EPA highway d r iv ing  cyc le .  The est imated f u e l  economy of t h e  average 
automobile i n  use i n  1980 i s  t abu la t ed  i n  Table X V I  a s  a func t ion  of  highway c ru i s ing  
speed. 

Having defined t h e  "average" automobile, t h e  f u e l  t o  t r a v e l  between two c i t i e s ,  
A &d B, R miles  a p a r t ,  i s  given by Eq. ( 2 )  

. 

R ~ + R ~  R- (RA+RB) 
T r ip  Fuel = + 

(AMPGIU ' ( A W H  

where: ( 1 )  C I R  i s  t h e  c i r c u i t y  between t h e  two c i t i e s .  

( 2 )  RA and RB a r e  t h e  r a d i i  of c i t i e s  A and B, r e spec t ive ly ,  wi th in  which 
automobile f u e l  consumption i s  approximated by t h e  weighted average 
c i t y  miles  p e r  ga l lon  ( A M P G ) ~  from t h e  Federal  Test  Procedure (FTP). 

. . 

( 3 )  ( A M P G ) ~  i s  t h e  weighted average f u e l  economy f o r  t h e  highway por t ion  
of a t r i p  a t  t he  s p e c i f i e d ' c r u i s e  speed s e l e c t e d  t o  s imula te  highway: 
d r iv ing .  

( 4 )  P i s  t h e  g r e a t  c i r c l e  d i s t ance  between c i t i e s  A and B. 

The automobile energy i n t e n s i t y ,  based on Eq. ( 2 )  &d . t h e  da t a  i n  Table XVI, vazies  
between about '6000 and 8000 Btu per  c a r  rou te  mi le ,  a s  shown i n  F ig .  13. The auto- 
mobile energy i n t e n s i t y  shows a s t ronger  v a r i a t i o n  wi th  t h e  f r a c t i o n  of t h e  t r i p  
performed a t  highway speed than with t h e  l e v e l  of highway speed. Based on a t y p i c a l  
c i r c u i t y  f a c t o r  of 25 percent ,  and an average s e a t i n g  a v a i l a b i l i t y  of 5,  t h e  auto- 
mobile uses between 1500 and 2000 Btu per  ava i l ab l e  , s e a t  mile .  However, occupancy 
and type  of automobile used f o r  i n t e r c i t y  t r i p s  w i l l  vary with t h e  'trip, a s  we l l ;  
au to  f u e l  economy s t a t i s t i c s  presented i n  t h e  f i n a l  r e s u l t s  account f o r  t h e s e  
f a c t o r s .  

I n t e r c i t y  Bus Fuel  Consumption 

Data f o r  i n t e r c i t y  bus energy i n t e n s i t y  taken from Refs.  1 2  t o  34 a r e  shown i n  
Table X V I I .  A l l  da t a  shown a r e  f o r  r eg iona l  and na t iona l  averages because i n t e r c i t y  
bus opera tors  do not r e p o r t  f u e l  consumption da t a  by rou te  o r  type  o f  s e r v i c e .  Only 
Ref. 29 at tempts  t o ' d e f i n e  bus f u e l  consumption based on a s imulat ion of  urban and 
highway f u e l  economies.  Therefore,  because of  a l ack  of  route-spec i f ic  bus d a t a  

( ~ e x t  continued on page 50)  



EFFECT O F  CRUISE SPEED ON AUTOMOBILE FUEL ECONOMY 

FIG. 12  
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TABLE XVI 

AVERAGE FUEL' ECONOMY OF 
AUTOMOBILES I N  USE I N '  1980 

% .Increase 
i n  MPG Over 

City Driving 

0 

5 9 

56 

46 

40 

31. 

13 

Highway 
Speed 
mph 

.City Driving 

3 0 

4 o 

5 0 
. , 

5 5 

6 o 

70 

Fuel Economy, 

MPG 

14.4 

22 .g 

22.5 

21.0 

20 .o 

18.9 

16.3 



FIG. 13 

AVERAGE ENERGY INTENSITY OF AN AUTOMOBILE TRlP IN  1980 
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* NA - Not Available 

w 
4 

TABLE XVI I 
4 

\D 

BUS FUEL USE DATA 
G 
UI 
UI 
W 

r 
0 Remarks 

National average fo r  a l l  Class I buses. Seating va r i e s  
be+.ween 34 t o  5'7 

Average achieved by Greyhound 
Average achieved by Trailways 

Energy intensiveness f o r  cur rent  i n t e r c i t y  buses (1972) 
Poss ib le  improvement by 1985 

Average of t r a n s i t  and i n t e r c i t y  buses (1972) 

Limited da ta  f o r  bus runs with good i n t e r s t a t e  highway 
access.  Report shows t h a t  va r i a t ion  of MFG with highvay 
speed depends on t e r r a i n .  I n  genera l ,  shows weak var i -  
a t i on  of MPC with speeds between 50 and 60 MPH 

Estimate f o r  urban bus dr iv ing  cycle  
Estimate f o r  i n t e r c i t y  por t ion  of  t r i p  

1969 average fo r  i n t e r c i t y  buses, including both gasoline-  
and diesel-powered 

1970 da ta  

Seating capaci ty va r i e s  between 4 1 t o  53 with an average 
load f ac to r  of 46% 

Based on Texas regional  da t a  
-- 

Reference 

12 

12 
12 

2 1 

27 

28 

29 

30 

3 1 

32 

3 3 

34 
-- 

.r 
'a 

MPG 

6.0  

6.2 
5.5 

6. 0 
10.0 

4.39 

8.0 

Number 

Available 

4 3 

IVA 

N A 

46 
5 0 

NA 

N A 

Fuel 

ASM/GAL 

2503 

N A 
NP 

276 
5CO 

NX 

N.9 

of Seats  

Passengers 

NA+ 

N A 
N A 

19.4  
NA 

NA 

R A 

4 6 
4 6 

N A 

N A 

4 6 

N A 

N A 

Economy 

RPM/GAL 

N A 

N A 

N A 

116.4 
NA 

N A 

N A 

193 
322 

NA 

N A 

322 

N A 

N A 

N A 
N A 

128 

121 

150 

136 

125 

I 
1 

N A 
Y A 

21 

22 

2 1 

2 2 

]A 

4.2 
7.0 

6 .1  

5.5 

7.0 

6.25 

N A 



on which t o  base t h e  a n a l y s i s ,  t h e  use  of t y p i c a l  va lues  f o r  bus f u e l  consumption 
w a s  s e l ec t ed .  However, rou te-spec i f ic  da t a  on bus c i r c u i t y  was used f o r  all 48 
r e p r e s e n t a t i v e  c i t y - p a i r s .  

Table X V I I  shows t h a t  Class  I i n t e r c i t y  buses have between 34 and 57 s e a t s ,  
wi th  a  t y p i c a l  bus showing 46 s e a t s  and t h e  n a t i o n a l  average on 'a seat-mile  b a s i s  
being 43. These buses use f u e l  a t  from 4 . 2  t o  8.0 MPG, depending on speed, type  of 
d r iv ing ,  and t e r r a i n .  The n a t i o n a l  average i s  6 .0 MPG. Based on t y p i c a l  va lues ,  
t h e  i n t e r c i t y  bus f u e l  d a t a  a r e  summarized below: 

Average Sea t ing  4 3 
Bus Fuel  Economy 6 .0  MPG 
Sea.t,i ne Fuel Economy 298 ASWG 
E n e r a  1ntensi  t.y 538 D~U/ASM 

Co~ls idera t ion  w a s  given t o  t h e  impact of speed l i m i t s  between 50 and 60 mph on 
bus f u e l  economy, as r e f l e c t e d  i n  Department of Transpor ta t ion  t e s t s  (Ref . 28) .  
These t e s t s  showed t h a t  t h e  f u e l  econow v a r i a t i o n s  with speed a r e  terrain-dependent ,  
and gene ra l ly  s m a l l .  Therefore,  t h e  e f f e c t s  of highway speed v a r i a t i o n s  on i n t e r -  
c i t y  bus f u e l  economy were ignored. 

I n t e r c i t y  R a i l  Fuel  Consumption 

R a i l  energy consumption f o r  i n t e r c i t y  passenger s e rv i ce  depends, among o the r  
' t h i n g s ,  on t h e  - t y p e  of  equipment, s i z e  of  t r a i n s ,  t r a c k  condi t ions ,  t e r r a i n  var ia -  
t i o n s ,  and season of  t h e  yea r .  Since adequate source data '  on f u e l  consumption a r e  
no t  a v a i l a b l e  on passenger t r a i n s  t o  t r e a t  t hese  va r i ab l e s  e x p l i c i t l y  f o r  i nd iv idua l  
c i t y - p a i r s ,  average values a r e  used which represent  opera t ions  of var ious  types  of  
t r a i n s  d i f f e r i n g  p r imar i ly  i n  power p l a n t  ty-pe. Train energy d a t a  l i s t e d  i n  Teble 
X V I l [ I  a r e  divided into four ca t egor i e s  .l.abeled r a i l ,  d i e se l - e l ec ' t r i c ,  Iqetrolixler, 
and Turbol iner  $rains. R n i l  i s  listed as a. sepa ra t e  c l a s s ,  e i t h e r  because t h e  
source d a t a  did no t  i d e n t i f y  it f k r t h e r  o r  because t h e s e  d a t a  represent  n a t i o n a l  
averages which inc lude  e l e c t r i c ,  d i e s e l ,  Met ro l iner ,  and Turbol iner  da ta .  But, s ince  
e l e c t r i c  and d i e se l - exec t r i c  t .rnins have about the same energy i n t e n s i t y  ( ~ e f .  35)  
and t h e  Metrol iner  and Turbol iner  produce l e s s  than 1 0  percent  of t h e  ra i l  passenger 
mi les ,  t h e  rai l  category d a t a  t he re fo re  r e f l e c t ,  b a s i c a l l y ,  d i e s e l - e l e c t r i c  t r a in .  
opera t ions .  Other rail. Pnssgy data a . e  given i n  Hefs. 12  t o  46. 

In  each t r a i n  ca tegory ,  t h e  d a t a  t end  t o  f a l l  i n t o  two groupings. high find l o w  
energy i n t e n s i t y ,  with t h e  l o w  errurgy In t ens i ly  being about h a l f  t h e  high energy 
i n t e n s i t y .  The d i f f e r ence  between t h e  two groupings i s  t y p i f i e d  by t h e  d a t a  pre- 
s en ted  by Boeing (Ref. 1 2 )  and Aerospace Corp. (Ref. 42)  f o r  d i e s e l - e l e c t r i c  t r a i n s .  
The Boeing a n a l y s i s  inc ludes  t h e  e f f e c t  on f u e l  consumption of block speed, grade 
and t r a c k  v a r i a t i o n ,  scheduled s t o p s ,  a i r -condi t ion ing  (passenger compartment 

' 

hea t ing  and coo l ing ) ,  and a u x i l i a r y  requirements,  whereas t h e  Aerospace a n a l y s i s  



considers  only block speed e f f e c t s .  Heat ing.alone can account f o r  up t o  25 percent  
of t h e  energy requirements during t h e  winter  months; t h e r e f o r e ,  t o  more nea r ly  
represent  t h e  rai l  energy consumption, t h e  average of  t h e  higher  l e v e l s  of energy 
i n t e n s i t y  given i n  Table X V I I I  a r e  used and values which represent  c r u i s e  performance 
only a r e  ignored. The recommended t r a i n  energy i n t e n s i t i e s  a r e  l i s t e d  below. 

Energy I n t e n s i t y  
Tra in  Btu/AMS 

E l e c t r i c  
D iese l - e l ec t r i c  
Metrol iner  
Turboliner 

Using these  d a t a ,  t r a i n  types and schedules appropr ia te  t o  r ep re sen ta t ive  c i ty -pa i r s  
were determined and composite t r a i n  energy i n t e n s i t y  values ca l cu la t ed .  Spec i f i c  

t r a i n  cons i s t s  corresponding t o  cur ren t  s e r v i c e  were not considered; consequently,  , 

when a long-distance', f u l l - s e rv i ce  t r a i n  i s  used f o r  short-haul  opera t ions  t h e  higher  
f u e l  i n t e n s i t y  w a s  not  accounted f o r .  This s imp l i f i ca t ion  g ives  some small  benef i tD 
t o  t h e  r a i l  mode. . . 

Cargo Carr ied on Passenger Vehicles 

A f a c t o r  which was not e x p l i c i t l y  accounted f o r  i n  t h e  energy d a t a  base i s  t h e  
c r e d i t  t o  a mode f o r  i t s  a b i l i t y  t o  ca r ry  cargo ( f r e i g h t ,  mai l ,  express )  i n  add i t i on  
t o  passengers .  Such a c r e d i t  would r e s u l t  i n  a reduct ion i n  t h e  apparent energy 
i n t e n s i t y  of a mode by apport ioning soine p a r t  of t h e  f u e l  consumed t o  cargo,  t h e  
remaining p a r t  being t h a t  assoc ia ted  with car ry ing  passengers .  This process  would 
have an e f f e c t  on modal comparisons i f  d i f f e r e n t  modes ca r ry  d i f f e r e n t  percentages 
of t h e i r  payloads i n  cargo. While da t a  on these  percentages a r e  not  conveniently 
a v a i l a b l e ,  some i n s i g h t  can be gained f o r  t h e  publ ic  modes. The problem a r i s e s  
when t r y i n g  t o  determine such a percentage f o r  t h e  au to  mode which dominates i n t e r -  
c i t y  t r a v e l .  It would appear t h a t  t h e  only means of  determining t h e  cargo percentage 
i n  i n t e r c i t y  au to  t r i p s  would be by means of  a survey which, t o  be done comprehen- 
s i v e l y ,  would be a l a r g e  and expensive t a s k .  Accordingly, t h e  t a c i t  assumption was 
made t h a t  a l l  modes would be equal ly  a f f ec t ed  by a cargo co r rec t ion  t o  fue.1 i n t e n s i t y  
so t h a t  t h e  co r r ec t ion  would, i n  e f f e c t ,  wash ou t .  

However, it i s  i n t e r e s t i n g  t o  compare t h e  publ ic  modes i n  t h i s  r e spec t  so t h a t  
judgmental f a c t o r s  can be appl ied  t o  t h e  s tudy r e s u l t s  should t h e  co r r ec t ion  appear 
t o  be d i f f e r e n t  f o r  each of those  modes. Table X I  has been prepared t o  provide t h i s  
comparison. Data a r e  a v a i l a b l e  r~~oi11 t h e  nources noted t o  provide a d i r e c t  comparison 
i n  terms of revenue f o r  passenger and cargo opera t ions .  For domestic t runk  a i r  
c a r r i e r s  ( a l l  d i s t a n c e s )  i n  19'74, 9.4% of revenue was derived from t h e  t h r e e  
i d e n t i f i e d  c l a s s e s  of cargo ( f r e i g h t ,  mai l ,  and expres s ) .  The l o c a l  s e r v i c e  a i r -  
l i n e s  earned about 6.1% from cargo, probably a c lo se r  r e f l e c t i o n  of t h e  short-haul 
s i t u a t i o n  than  t h e  t runk  c a r r i e r s  a s  a whole. The regular-route  i n t e r c i t y  bus 
c a r r i e r s ,  on t h e  o the r  hand, earned some 16.1% of 'revenue from t h e  t r a n s p o r t  of mail  
and c x p r e ~ s  shipments. The r a i l  mode, a s  represented by Amtrak ope ra t ions ,  earned 
3.0% from combined m a i l  and express  shipments. 



TABLE X I  ' 

.CARGO CARRIED ON PASSENGER VEHICLES - 1974 

" A i r  Transport  1977," Annual Report of t h e  U.S. Scheduled ~ i r l i n e  ; T n i h ~ ~ t . r y ,  A U  
"One-Half Cekitury of' Serv ice  t o  America," Annual Report of t h e  National Associa- 
t i o n  of Motor Bus Operators (NA.MRo)', 1976; Cbaao I Carrieys 
Summary. of Nat ional  Transpor ta t ion  S t a t i s t i c s ,  Report DOT-TSC-oST-76-11> 
June 1976 200 lb /pass  
Passenger equiv. ton-mi = Rev, pass .- mi x 2000 lb/t&i 

P 

6 Revenue ($10 ) 

Passenger ( i n t e r c i t y )  
F re igh t  
Mail 
Express 

2 Nonpas senger  
T o t a l  Pass .  & Nonpass. 
Nonpassenger % . ..-..- .. . . ,.. ".. ..- ... 

6 Serv ice  (10 ton-mi) 

. ' ( 4 )  Paosengcr Equiv. 
F re igh t  
Mail 
Express 

i ~ o n ~ a s  senger 
T o t a l  Pass .  & Nonpass. . 
Nonpassenger % 

. 

NA Not Avai lable  

(1) Domestic 
Trunk A i r  

Ca r r i e r  

8.510 
575 
158 

2 6 

7 59 
8037 
9 .4  

11762 
2245 

620 
7 1 

2936 
14698 

20.0 

(1 1. 
Lo c a 1  

Serv ice  A i r  
Car r i  e r  

1091.1 
49.7 
17.0 

4 .1  
70.8 

1161.9 
6 . I. 

1081 
68.6 
33.4 

. 6.9 
108.9 

1189.9 
g r 2  , 

( 2  ) Regular- 
Route 

I n t e r c i t y  Bus 

643.3 
- 
1 . 9  

122.0 

123.9 
767.2 
-16.1 

1460 
- 

NA 
N A 
N A 
N A 
l\A 

Amtrak (3 ) 

217.1 
- 
6.09 
0.68 
6.77 

223.9 
3.0 

410.2 
- 

N A 
NA 
PJA 
NA 
N A 



Unfortunately,  a  comparative p i c t u r e  on t h e  b a s i s  of  weight i s  not poss ib l e  due 
t o  t h e  absence of ton-mile daLa f o r  t h e  bus and r a i l  modes. Discussions with bus 
and r a i l  o f f i c i a l s  confirm t h a t  such da t a  a r e  not compiled. On Amtrak, only a  
l i m i t e d  express  s e rv i ce  i s  o f f e red ,  and mail  (mostly pa rce l  p o s t )  i s  c a r r i e d  on a  
con t r ac t  b a s i s  on t h e  b a s i s  of l i n e a r  f e e t  of baggage c a r  devoted t o  mai l .  Bus 
express  i s  a  s i g n i f i c a n t  por t ion  of revenue, and i s  a  very popular s e rv i ce  because 
of t h e  ubiqui tous na tu re  of  bus t r a n s p o r t a t i o n .  

In  t h e  lower h a l f  of Table X I ,  ton-mile da t a  show t h a t  cargo c o n s t i t u t e s  about 
20% of t h e  combined cargo-plus-passenger (converted t o  ton-miles)  loads f o r  t runk  . 

a i r l i n e s  over . a l l  d i s t ances .  Local s e r v i c e ' c a r r i e r s  c a r r y  about 9% i n  cargo.  The 
l o c a l  s e rv i ce  c a r r i e r  experience was assumed t o  be more app l i cab le  f o r  t h e  purposes 
of t h i s  s tudy.  Thus, a  co r r ec t ion  t o  ' fuel  i n t e n s i t y  values t o  account f o r  cargo 
would be on t h e  order  of 10% f o r  a i r ,  meaning t h a t  t h e  7700 Btu/RPM average f o r  
t runk  and l o c a l  s e rv i ce  a i r  c a r r i e r s  der ived i n  t h e  study would be about 7000 Btu/ 
RPM considering only t h e  f u e l  a l l oca t ed  t o  passenger t r a n s p o r t a t i o n .  A corre-  
sponding cor rec t ion  f o r  bus and r a i l  i s  not known, due t o  l a c k  of  publ ished da t a .  
However, based on conversat ions with bus personnel ,  it i s  expected t h a t  cargo 
c o n s t i t u t e s  about 8-112% of t h e  t o t a l  ton-miles,  about h a l f . t h e  revenue percentage. 
Consequently; t h e  bus and a ir  percentages a r e  apparent ly  not  t o o  d i f f e r e n t .  Data 
f o r  r a i l  a r e  completely lacking .  

Although t h e  f u e l  i n t e n s i t i e s  used i n  t h e , s t u d y  d i d  not account f o r  cargo ,  t h e  
omission .does not  appear t o  inf luence  t h e  r e s u l t s  t o  a g r e a t  ex t en t .  Whatever 
d i f f e r ence  does e x i s t  would appear t o  favor  t h e  a i r  mode slight ' ly.  

Task 4 - Data Col lec t ion  f o r  Short-Haul Trave lers  

Short-Haul Trave ler  C h a r a c t e r i s t i c s  

The 1972 National Travel  Survey ( ~ e f .  1) was used a s  t h e  primary source f o r  
short-haul  t r a v e l e r  c h a r a c t e r i s t i c s .  Although o the r  d a t a  sources e x i s t ,  t hey  a r e  
gene ra l ly  r e s t r i c t e d  t o  one reg ion  o r  c i t y -pa i r  and o f t e n  do not represent  a l l  
modes on an equal  b a s i s .  The NTS, on t h e  o t h e r  hand, i s  acuniform sample of a l l  
i n t e r c i t y  t r a v e l e r s .  F u r  t h i s  s tudy ,  R. s p e c i a l  vers ion  of t h e  NTS public-use da t a  
t a p e  was obtained which includes t h e  county codes f o r  t h e  o r i g i n  ,and desllnaLion 
of each t r i p  record .  

The NTS t a p e  was in t e r roga ted  t o  determine average t r a v e l e r  c h a r a c t e r i s t i c s  
f o r  each of t h e  48 c i t y - p a i r  ca tegor ies  def ined i n  Tables I V - V I .  #Although 
23,543 of the  75,101 NTS t r i p  records contained da t a  f o r  t h e  5311 c i ty -pa i r s ,  t h e r e  
were i n s u f f i c i e n t  records f o r  many ca t egor i e s  t o  form a s t a t i s t i c a l l y  s i g n i f i c a n t  
sample. This  d i f f i c u l t y  was circimvented by combining c a t e g o r i e s ' s 0  t h a t  each had , 

a  s u f f i c i e n t  number of records .  Categories  having s i m i l a r  demand and d i s t ancc  
c h a r a c t e r i s t i c s  bu t  d i f f e r i n g  i n  t h e  a v a i l a b i l i t y  of  r a i l  and/or air s e r v i c e  were 
combined s ince  t h e  former a r e  probably more re levant  t o  t r a v e l e r  c h a r a c t e r i s t i c s  
than  t h e  l a t t e r .  For example, t h e  two ca t egor i e s  represented  by Kalamazoo/Battle 
Creek - Lima and Poughkeepsie - Trenton were combined because t h e  l a t t e r  had insuf -  
f i c i e n t  records.  Both ca t egor i e s  are of s h o r t  d i s tance  and low dens i ty  wi th  no 
a i r  s e r v i c e ;  they  d i f f e r  only i n  t h e  a v a i l a b i l i t y  of r a i l  se rv i ce .  



TABLE XVII I 

RAIL ENERGY C0NSUMPTIO:i DATA 
- - -- 

Diesel f u e l  a t  138,840 3tu:Cal ( 3 ~ )  ** 11,375 Btu/kwh st 30% c:~erall  efTiciency - Not appl icable  o r  not given 

Train m e  

Ra i l  

io ad 
Factor 

37% 
a 37% 

' Seats  

- 

~sM/Gal  PM/Gal Btua/ASM Btu*/PM 

106 39 . 1307 3533 
129 48 1100 2900 

37% 137 51 1010 2730 
53 2620 
80 1700 - - 

100 i 390 

106 - 1310 - 
82 1690 

137 , 1014 
149 5 5 934 2524 
240 583 - 
320 4 34 - 
241 - 575. 
363 - 383 ' - b9 - 2000 

Reference 

45 Pol lard  
36,3'/ H i r s t  

Diesel -Elect r ic  

Metroliner 

Turboliner 

fiemarks 

--- 
1970 National average f o r  i n t e r c i t y  r a i l  

31 .F ra i ze  

3 ,  Moor 
Hi r s t  

30 DOT 

12 AMTMK 
12 Boeing 
33 lor 

. 32 Goss 
21  FRP. 
42 Aerospace 
33 Rice 
33 Rice . 
40 Cooper 

- -- 
1n:Eudes commutation and i n t e r c i t y  r a i l  
References Rice a s  source 

. . 

Empire Builder t r a i n  - Seattle-Harve. Montana 
Soubern  Crescent t r a i n  - Atlanta-Washington (eat . )  
-- - 
--- 
--- 
1.43 Gal/Mi 
Cruise performance; 1940 technology 
Cruise performance; 1960 technology 
--- 

32 Boeing 
45 , Pol lard  . 
Wt ~ o d .  3 a i l  

31.,39,46 Fraize  
31,46 Fraize  

29 Sokolsky 
42 Aerospace 
42 Aerospace 
32 Goss 
21 FRA 
40 cooper 

12 Boeing 
32 Goss 
31 FRA 

31,33,',t6 F ra i ze  
31,46 Fraize  

--- 
440 Btu/ASM ( a t  ca tenary)  
8.9 kdh/car mia* . 
Cruise performance a t  125 mph 
Cruise performance a t  160 mph 
Nev Ycrk-Washington es t imate  
18.34 kvh/mia* - Boston-New York 
24.56 kwh/miN* - New York-Washington --- 
--- 
--- 

Chicago-St. Louis AMTRAK da ta  - - -  
--- 
C r . ~ i s e  performance a t  125 mph 
Cruise performance a t  125 mph 

- ! -  

I - 
- 
- 
- 

37% 

382 

~ 6 / c a r  
382 
386 
384 
308 
390 

382 

296 

: 314 
326 
144 

.360 
457 - 

- 

. 7 5 .  - 1850 - 

- 

- 

37% 

- 

37% - 

95 1567 - 
104 - 131,2 - 
198 - 700 - 
137 - 1014 -. , 181 '65 - 
206 - 675 - 
194 - 71 5 
24 3 90 576 1543 
318 440 - - 7 7 1800 

9 

98 1420 - 
135 50 1027 277? 
204 ' 690 - 
224 5?0 
174 ,300 - 



, . In  some in s t ances ,  ca tegor ies  cons i s t i ng  of  only one c i t y - p a i r  were combined 
with o the r  c i t y -pa i r s  l i k e l y  t o  be s i m i l a r .  Thus, r e f e r r i n g  t o  Table I V Y  Los 
Angeles - Bakers f ie ld  w a s  combined wi th  Los Angeles - San Diego, which, although 
being h igher  i n  demand, i s  i n t u i t i v e l y  a  b e t t e r  match than  De t ro i t  - Cleveland, 
which has about t h e  same demand. I n  t h e  unique case  o f  Los Angeles - Las Vegas, 
i n s u f f i c i e n t  records e x i s t  fo r  round-tr ips  o r i g i n a t i n g  i n  Las Vegas; average d a t a  
f o r  a l l  short-haul t r i p s  wi th  Los Angeles des t ina t ions  were used in s t ead .  

The r e s u l t i n g  short-haul  t r a v e l e r  c h a r a c t e r i s t i c s  a r e  shown i n  Table X I X  which 
a l s o  g ives  t h e  groupings of t h e  c i t y -pa i r  ca t egor i e s  and t h e  t o t a l  number of  IJTS 
records f o r  each group. The c h a r a c t e r i s t i c s  shown a r e  average t r a v e l  pa r ty  s i z e ,  
l ength  of s t a y  a t  d e s t i n a t i o n ,  and value of  t ime.  Four values a r e  given f o r  each 
c i ty -pa i r  grouping, corresponding t o  t h e  two major trip purpos'es (bus iness ,  
pe r sona l )  and both t r a v e l  d i r e c t i o n s  ( s m a l l  SMSA-to-large SMSA and r e t u r n ,  and 
l a r g e  SMSA-to-small SMSA and r e t u r n ) .  The terms "small" and "large" a r e ,  of course,  
r e l a t i v e  t o  each c i ty -pa i r ;  thus, '  i n  t h e  case  of ~ew.'~ork-to-~hiladel~hia, 
Phi lade lphia  i s  t h e  "small" SMSA. 

Des t ina t ion  t r anspor t a t ion  i s  normally requi red  on a  t r i p  by a publ ic  mode. 
It has been assumed' that  such t r a n s p o r t a t i o n  would be by r e n t a l  ca r  and would be 
100 mi les  f o r  each day of s t a y  at d e s t i n a t i o n .  While 100 mi les  per  day may be high 
f o r  a  short-haul i n t e r c i t y  t r i p ,  t h e  c a r  r e n t a l  charge i s  dominated by t h e  d a i l y  
r a t e  so  t h a t  a  lower mileage value would not  change t h e  c o s t s  s i g n i f i c a n t l y .  To 
whatever ex ten t  t h i s  assumption i s  high,  it gives some s m a l l  b e n e f i t  t o  t h e  a u t o  
mode i n  t h e  r e s u l t s  o f  t h e  s tudy.  

These t r a v e l e r  c h a r a c t e r i s t i c s ,  a long wi th  t h e  modal c h a r a c t e r i s t i c s  developed 
i n  Task 2 ,  were used t o  compute t h e  t r a v e l  d i s u t i l i t i e s  f o r  each mode requi red  f o r  
t h e  four  modal s p l i t s  t o  be performed f o r  each zone-pair o f  each r ep resen ta t ive  
c i ty -pa i r  (two t r a v e l  purposes,  two t r a v e l  d i r e c t i o n s ) .  The values of time were 

, computed by d iv id ing  household income by number of  r e s i d e n t s  (personal  t r a v e l )  o r  
number of t r a v e l e r s  (business  t r a v e l ) ,  and then  d iv id ing  by 2080 (40 hours/week, 
52 weekslyear).  While every t r a v e l e r  has a  unique percept ion  of  va lue  of  t ime,  
and while  very few t r a v e l e r s  would accept  t h e  above value a s  accu ra t e ,  t h i s  
eva lua t ion ,  t oge the r  with a l l  o the r  c o s t s  i n  t h e  t r a v e l  d i s u t i l i t y  term, does 
c o r r e l a t e  we l l  with e x i s t i n g  t r a v e l  s t a t i s t i c s  and w a s  v e r i f i e d  during t h e  ca l ib ra -  
t i o n  o f  t h e  UTRC Modal-split  Model/ The d a t a  shown r e f l e c t  t h e  1971 income d a t a  
contained i n  t h e  NTS da ta  base;  t h e s e  were updated t o  1980 values us ing  pro jec ted  
1971-1980 income growth. Also shown i n  Table X I X  a r e  business  f r a c t i o n s  of t h e  t o t a l  
demand f o r  each t r a v e l  d i r e c t i o n ;  t h e s e  a r e  used t o  combine t h e  business  and personal  
modal s p l i t s  i n t o  an o v e r a l l  modal s p l i t  f u r  each city-pn.i.r. 

It i s  important t o  keep i n  mind t h a t  t h e  data given i n  T~.hl'e X I X  apply t o  t h e  
e n t i r e  category.represent-ed by each c i t y - p a i r  r a t h e r  than  t o  j u s t  t h e  c i t y -pa i r s  
shown. This  i s  appropr ia te ,  s i n c e  each c i ty -pa i r  w a s  used a s  a sur roga te  f o r  i t s  



TABLI: X I X  

SHORT-KtUL TRAVELER CIIARI\C'~IS'C.:CS 

.'fie not at lo.^ " aml l "  and "larqe" refer  t,r or is in  3I.M. 

C i t y - h l r  Representative 
Number C i t y - h l r  

1. N n r  York-Albany 
7. R:iladelphia-Hnrrir 3urg 

18. Cleveland-Detroit 
23. CtAcsgo-Mlwnukee 
2. N a 8  York-Boston 
3. New York- Philadelpda 
4. New York-Pittsburgh 
5. N e w  York-Reading 
9. BaltiPore-Trenton 

19. C l ?ve l and -ha f l e l a  ) 
28. Daflon-Port Wayne 
38. IClas-Kllleen 
6. Ib-ladelphia-Albany 

24. Chlcago-SmngPield } 
8. hltimore-Raleigh 

' 41. Menphis-Hunteville I 10. Washlngtm-Blngbamtm 
13. Albany-Rend- 
14. Fuq@eepsie-Harristug 
25. MlIrauhee-Port Wayne . 

' 35. IPathvlUe-Tern k u t p  
ll. Wak~lngton-Dayeon 
37. AtlaatbWchmmd 

1 12. Was ~ngton-Richmond 
27. Detxlt-Kalanazoo 
15. hu&keepsie-Trenton 
29. KaL.mrz00-lina 1 
16. Boscm-Rlcbnd 

Pitleburgh-SmthBenh } 
20. Chicago-Oshkosh 
32. St.  Iauie-Nashville } 
21. Chioago-Detroit 
30. St.  Me-Kansan  C i t y  
22. Chirago-Memphla 
39. Dallsa-Flemphis } 
26. Detmlt-Fort Wayne 
36. Atla,ta-mmtsville } 
31. St.  jouie-Lima 
33. KaoauiCity-TerreAaup I 
42. Tub.-Springfield 
,34. Naah-llle-Huntavllle 1 
@. Birmjnghmn-Montganery i 
40. m u - T u l s a  
43. Lo8 hgeles-San RMcl r co  
45. Lea hgeles- scrame en to 
U .  Los be l ea -Snn  Mego b 
47. Loe Ihgeles-WkersfieBd ! 
46. Ins Anaeles-Laa Veeas 

'Ibtal o r  A v g .  for  53U C i ty -h i a s  

mtal m~ 
Records 

2242 

820 
445 
n 8  

1320 

U64. 

1201 

1413 

607 

13@+ 

lrn 

41 

-727 

w3 

U2U 

.t390 

729 

;215 

830 

704 

319 

7 3  

2?5b3 

Trave? Wrty Size 
m i n e s s  Person61 

Small' LB-gee Small Urge  

1.2 1..3 2.9 3.1 

1.4 1h 2.8 2.9 
2.1 1.2 2.5 2.9 
1;2 1.2 2.7 2.6 

1.3 1.. 3.2 3.3 

1.5 1.: 2.8 Z.8 

1.4 1 2.7 r.1 

1.4 l.E 3.2 3.3 

1.2 1.1 2.9 2.6 

1.8 1.i 3-2 3 o 

1.8 1.8 ' 3.0 3.2 

'1.8 1.3 2.8 2 8  

1.3 1.5 1.9 2-3 

1.5 1.4 2.8 2.5 

1.6 1.2 2.9 2.3 

1.4 1.3 3-3 3.1 

1.; 1.3 2.9 3.d 

1.5 1.3 3.1 3.E 

1.5 1.3 2.5 3.C 

1.3 1 .3  2.9 2.7 

1.4 1.8 3.7 3.0 

1 .4  1.4 3.3 2.3 

1.5 1.4 3.0 3.1 

Days a t  Dee l1na:ian 
Wlsiness ?ersc,nal 

Small Large S U  h e  

2.0 2.2 2.1 2.2 

2.1 2.4 3 3.1 
1.9 1.1 1.9 1.6 
3.4 3.6 4.2 3.3 

1.. 2.8 2.3 2.3 

2.0 2.5 2.6 3.0 

3.0 2.8 2.8 2.7 

2.5 1.8 2.9 2.7 

4.0 3.0 3.9 3.9 

2.0 1.8 .1.7 1.8 

2.3 1.7 2.0 2.0 

3.2 3.0 L.6 4.4 

2.3 2.9 2.8 2.8 

2.3 3.0 1.6 2.8 

2.9 3.1 k.3 4.4 

1.9 1.9 1.9 2.3 

3.9 3.3 p.5 ?.6 

1 . 9  2.0 1 .7  1.6 

2.2 2.8 L 2  3.1 

2.5 2.2 % 8  4.9 

1.7 2.4 2.2 1 .9  

2.0 1 . 8 ,  2 8  2.3 

2.3 2.4 2 5  2.6 

l97I Value of Tlme (197l $/hr) 
6usinesa Rreonal 

SnnU h r a e  Small h r g e  

7.93 7.33 2.01 2.48 

7.27 8.53 2.38 2.57 
7.5; 5.84 2.12 2.21 
8.51 9.06 2.20 1.98 

7-18 6.88 , 2.03 1.92 

6 .U  7.89 1.85 2.04 

5..% 6.20 2 . 0 6 -  1.85 

5.64 5.28 1.72 1.89 

7.09 7.73 1.96 2.25 

4.53 6.97 1.85 2.24 

4.45 5.17 1.80 1.54 

5 .  7 .U  1.82 1.88 

6.16 6.37 1.76 2.00 

8.23 7.27 1.70 2.07 

7.cL 8 . 3  1.92 2.16 

5.43 6.71 1.69 2.21 

6.4) 7 . e .  1.82 1.82 

6.06 6.31 1.70 1.48 

5.65 8.13 1.82 2.17 

8.89 8.54 2 . b  2.28 

6.19 5.7? 1.57 2.19 

7.37 5.58 1.87 2.38 

6.56 6.95 1.37. 2.03 

2 

Business Racticm 

Small w e  

0.24 0.18 

0.35 0.20 
0.30 0.38 
0.41 0.42 

0.19 ' : 0.16 , 

0.32 0.29 

0.33 0.37 

0.20 0.20 

0.36 0.34 

0.26 0.34 

0.20 0.29 

0.26 0.27 

0.30 0.29 

0.31 0.35 

' 0 . 3 9  0 . 9  

0.34 0.24 

0.22 0.21 

oi25 0.26 

0.35 0.36 

0.35 0.29 

. 0.24 0.17 

0.29 0.12 

0.28 0.26 

. 



category;  a l s o ,  i n s u f f i c i e n t  da t a  e x i s t  f o r  most i nd iv idua l  c i t y - p a i r s .  It was 
found t h a t  t h e  s tandard devia t ions  of many of t h e  d a t a  elements i n  Table X I X  were 
f a i r l y  l a r g e ;  however, t h i s  i s  a t  l e a s t  p a r t l y  due t o  t h e  d i s c r e t e  na tu re  of t h e  
da t a .  Par ty  s i z e  and days a t  des t ina t ion  have only i n t e g e r  va lues ,  while  household 
income i s . g i v e n  only as a  broad range, with most t r a v e l e r s  having incomes i n  t h e  
t h r e e  h ighes t  and broades t  ca t egor i e s  ( $ 1 0 ~ - $ 1 5 ~ ,  $ 1 5 ~ - $ 2 5 ~ ,  and $ 2 5 ~ + ) .  Thus, 
desp i t e  high s tandard dev ia t ions ,  t h e  d i f f e r ences  between t h e  d a t a  f o r  each c i t y -  
p a i r  group and t h e  o v e r a l l  5311 c i ty -pa i r  averages shown at t h e  bottom of t h e  t a b l e  
a r e  probably s i g n i f i c a n t .  Some of t h e s e  d i f fe rences  a r e  r e a d i l y  explained by t h e  
d i f f e r ences  among t h e  c i ty -pa i r  groups themselves. For example, t h e r e  i s  a  s t rong  
c o r r e l a t i o n  between l eng th  o f  s t a y  and d i s t ance ,  while income (value of t ime)  i s  , ' 

probably r e l a t e d  t o  dens i ty  s i n c e  higher-density c i t y -pa i r s  tend t o  involve l a r g e r  
c i t i e s ,  which i n  t u r n  have h igher  average incomes. There i s  a l s o  a  d i r e c t  r e l a t i o n -  
s h i p  between business  pa r ty  s i z e  and value of t ime due t o  t h e  d e f i n i t i o n  of  t h e  
l a t t e r .  The longer  lengths  of s t a y  a s soc i a t ed 'w i th  t h e  l a r g e r  business  t r a v e l  
p a r t y  s i z e s  probably r e f l e c t  a g r e a t e r  tendency t o  combine personal  and business  
t r i p s  i n  c e r t a i n  markets.  This tendency, a long with o the r  v a r i a t i o n s  i n  t h e  d a t a ,  i s  
probzbly r e l a t e d  t o  unquant i f iab le  r eg iona l  d i f f e r ences  i n  t r a v e l  p a t t e r n s .  

Travel  Demand f o r  Se lec ted  City-Pairs , 

To c d i b r a t e  t h e  UTRC:Demand Model, it i s  necessary t o  compile h i s t o r i c a l  
o r ig in -des t ina t ion  t r a v e l  demand f o r  a s  many c i ty -pa i r s  a s  poss ib l e .  I n  previous 
work which concentrated on medium- t o  long-range t r a v e l ,  t h e  pauc i ty  of -such da t a  
could be circumvented by not ing  t h a t  such t r a v e l  i s  dominated by t h e  a i r  mode and 
thus  t h e  0-D d a t a  compiled by t h e  CAB a r e  q u i t e  comprehensive. I n  such cases ,  t h e  
a i r  demand could be divided by t h e  a i r  f r a c t i o n  t o  r e s u l t  i n  a .  f a i r l y  accura te  
es t imate  of t o t a l  demand. However, f o r  t h e  short-haul market, a i r  i s  u sua l ly  not  
t h e  dominant mode, and incons is tenc ies  could be expected i n  following t h i s  approach. 

Inasmuch a s  t h e r e  i s  no c e n t r a l  source of  d a t a  f o r  t o t a l  0-D demand ( o r  even 
f o r  t r a v e l  by au to  which i s  t h e  dominant mode i n  t h e  short-haul  marke t ) ,  it was 
necessary t o  search many d i f f e r e n t  sources f o r  whatever da ta  a r e  a v a i l a b l e .  Aside 
from i nd iv idua l  s t u d i e s  of d i s c r e t e  markets,  no t r a v e l  d a t a  f o r  c i t y -pa i r s  which 
c ross  s t a t e  l i n e s  could be found. For i n t r a s t a t e  t r a v e l ,  Li telephone survey of 
s t a t e  departmerits of t r a n s p o r t a t i o n  f o r  those  s t a t e s  conta in ing  one o r  more of t h e  
s tudy c i ty -pa i r s  uncovered u s e f u l  d a t a ,  a t  l e a s t  f o r  t h e  dominant, auto mode. In  
most ca ses ,  t h e  da t a  source i s  a  cordon survey conducted by t h e  agency contacted.  

,The survey da ta .were  converted i n t o  t o t a l  demand da t a  by e i t h e r  having d a t a  f o r  
t h e  o the r  modes (NYC - Albany and L . A .  - Las Vegas) o r  by adding t h e  au to  and a i r  
modes and ad jus t ing  t h e  r e s u l t  f o r  t h e  t y p i c a l l y  small  bus and r a i l  con t r ibu t ion  
a s soc i a t ed  with such t r a v e l .  These d a t a  were combined with demand d a t a  obtained from 
o the r  sources and added t o  Table XX. I n  t h i s  way, d a t a  f o r  20 of t h e  48 stud..  c i t y -  
p a i r s  were obta ined ,  probably a  s u f f i c i e n t  sample f o r  t h e  purpose intended.  It i s '  



TABLE XX 

1973 TOTAL DEMAND DATA . 

* 1973 CAB and Cal-ifornia P.IT.C. data werc a l s o  used f o r  c l t y -pa i r s  
having s i g n i f i c a n t  a i r  demand. 

1. N . Y .  - Albany 

2. N . Y .  - Boston 

3 .  N . Y .  P h i l a .  

6. Phi la .  - A! bany 

7 .  Phi la .  - Harris. /York 

9 .  Bal t .  - Trenton 

10.  Wash. - Binghamton 

12.  Wash. - Richmond 

18. Cleve. /Detroi t  

1 .  Cleve. - Mansfield 

21. Chicago - D e t r o i t  

23. Chicago - Milwaukee 

24. Chicago - S p r i n g f i e l d  

27. De t ro i t  - Kal./Bat. Creek 

1973 Tot.  Demand 
(103 R.T./Yr.) 

1175 

3415 

9035 

142 

,/-I3 

8 4 
4 6 

910 

685 

350 

1355 

3600 

475 

405 

~ e a r ( s )  

1968 

1968~69 

1968 

1968 

1963 

1968,69 

1968 

1971 

1967 

1967 

. 1967 

1971 

1971 

1966 

30. S t .  Louis - Kansas Ci ty  I 1095 ' 

43. L. A. - San Fran.  /Sen Jooc 5170 ' 

1971 

1966 

1966 
1966 

1974 

1966 

-- , 

4 4 .  L .A.  - San Uiego 

45. L.A. - Sacramento 

46. L.A. - Las Vegas 

47. L.A. - Bakers f ie ld  

Mode(s) 

ground 

a l l  

a l l  

ground 

au to  

ground 

ground 

auto 

a l l  

au to  

a l l  

a l l  

a l l  

au to  

10030 

1270 

4470 

2160 

~ e f ( s ) *  

5 0 

48,49 
48,51. 

9 - 50 
60 

48,49,51 

5 U  
5 2 

511 
61 

54 

52 , 53 
52,53 

5 9 
auto 

au to  

nuto  

auto  

ground 

au to  

58 
5 5 

5 5 
5 5 

5 7 
5 5 



noted t h a t  t h e  raw d a t a  a r e  f o r  many d i f f e r e n t  years  between 1960 and 1974. These 
were converted t o  1973 da ta  by applying e s c a l a t i o n  f a c t o r s  obtained e i t h e r  from t h e  
source of t h e  bas i c  da t a  o r  by assuming 0-D t r a v e l  t o  follow t h e  n a t i o n a l  passenger- 
mile  t r e n d  given i n  Ref. 47. 

In  add i t i on  t o  c a l i b r a t i n g  t h e  demand model aga ins t  a v a i l a b l e  t o t a l  demand d a t a ,  
t h e  Modal-Split Model. was a l s o  c a l i b r a t e d  so  t h a t ,  i n  combination with t h e  demand 
model, known ind iv idua l  modal demands were dupl icated.  Modal demand da t a  were 
ava i l ab l e  f o r  all modes f o r  t h e  twenty c i ty -pa i r s  l i s t e d  i n  Table XX a s  we l l  a s  a i r  
demand (T/LS and/or commuter) f o r  t h e  remaining c i t y - p a i r s .  

It should be emphasized t h a t ,  throughout t h i s  d i scuss ion ,  only SMSA-SMSA t r a v e l  
d a t a  a r e  being simulated i n  t h e  model. Following t h e  Task 5 ana lys i s  of a l t e r n a t i v e  
ind iv idua l  s t r a t e g i e s  f o r  SMSA t r a v e l ,  combination s t r a t e g i e s  were formulated and 
analyzed, and t h e  SMSA t r a v e l  expanded i n t o  the  t o t a l  short-haul  market f o r  f i n a l  
ana lys i s  and pol icy  eva lua t ion .  

Calcu la t ion  of  Basel ine Travel  S t a t i s t i c s  

In  t h e  next t a s k ,  energy-conserving s t r a t e g i e s  were developed and then analyzed 
by colilputing t r a v e l  s t a t i s t i c s  f o r  t h e  c i t y -pa i r  network and comparing them with 
each o the r  and with a base l ine  case  which i s  mere1y.a p ro j ec t ion  of t h e  present-day 
s i t u a t i o n  a s  ca l cu la t ed  using t h e  same methodology. Computed s t a t i s t i c s  f o r  t h e  
base l ine  cases  a r e  presented i n  Table XXI. These d a t a  correspond t o  t h e  e n t i r e  
short-haul  (67 t o  500 n i l e  ) , SMSA-SMSA , t r anspor t a t ion  system ( 5311 c i t y - p a i r s  ) . 

The p e r t i n e n t  base l ine  and a l l  modal s h i f t  s t r a t e g i e s  a r e  evaluated f o r  t h e  year  
1980. Although t h e  1973 r e s u l t s  a r e  taken d i r e c t l y  from t h e  s imula t ion ,  they  a r e  i n  
good agreement with such sources a s  t h e  1972 National Travel  Survey and t h e  1973 
CAB Origin-Destination Survey. The major assumptions i n  t h e  1980 Basel ine a r e :  

1) Population and r e a l  income w i l l  grow a s  fo recas t ed  by t h e  Bureau of 
Economic Analysis ,  U.S. Dept. of Commerce. Population p ro j ec t ions  
r e f l e c t  t h e  Census Bureau's S e r i e s  E p r o j e c t i o n s ,  while per -capi ta ,  
r e a l  income increases  a t  about 3 percent  annual ly.  

2 )  Fares  (expressed i n  1973 constant-value d o l l a r s )  and t r a v e l  t imes f o r  each 
mode remain unchanged from mid-1976 va lues ,  except f o r  a 30-minute improve- 
ment i n  New York-to-Washington Metrol iner  s e rv i ce .  

3 )  Serv ice  frequencies  and load  faclors were computed accord.i.ng t o  t h e  
r a t i o n a l e  presented on p. 64. 

4 )  Fuel consumption remains unchanged f o r  each veh ic l e  t ype ,  except f o r  au to  
improvements r e f l e c t i n g  t h e  addi t ion '  o f  late-1970s automobiles t o  t h e  f l e e t .  
( ~ a s e l i n e  economies a r e :  1 7  MPG at 60-mph i n  1973 and 20 MPG a t  55-mph i n  
1980. ) 



The parameters summarized i n  Table XXI inc lude :  passenger-miles and t h e  modal 
, s h a r e  captured by each of t h e  modes*: t o t a l  u se r  cos t  borne by passengers ; t , o t a l  

u s e r  t ime experienced by passengers and t h e  a s soc i a t ed  average speed; t o t a l  energy 
expended and i t s  modal d i s t r i b u t i o n ;  and o v e r a l l  energy i n t e n s i t y .  

' 

TAl3LE XXI 

BASELINE TRAVEL STATISTICS 

Note: A l l  c o s t s  in 1973 ,$  
A1 1 d j  st,e.ncoc s t r a i g h t - l i n e  

' _. 

?ass. b!iles (139)  
Modal Shares:  T/LS Air  

Como.uf e r  A i r  
Rai l  & Metro 
RUS 

Auto , . 

n l o , A  r user  cost  ( lo9$)  
Cost/?,ws . - P i l e  ($/t.!!le) 

Total  User Time ( lo9  f i r s )  

Time/."ass .-!4ile (Hrs /Vi le )  
AVC. Travel Epee6 (!GI!) 

n 19-el  + E n e r g .  (1012 9 t u )  
Modal Shzrec: T/LS A i r  

Conmiter A i r  
9 a i l  & Merro 
ti.& 
A U L O  

P 

Itno2.g: 1 r 1 6 c ~ ~ i e j r  ( l o 3  3LuiP. u l e ) .  
( %  Improvement ) 

Load Factors  : '  (See p.  64)  
T/LS A i r  

Cqrrn,.it e r  A i r  
Rail  & Metro 
Bus 
Auto 

* Note t h a t  t h e  a i r  mode has been divided i n t o  t runk  and l o c a l  s e r v i c e  (T/LS) and 

commuter a i r  t o  d e l i n e a t e  t h e  industry segments which use l a r g e  and s m a l l  a i r c r a f t .  

1973 

73.811 5 
.1574 
.0011 
.OD99 . 
.02i 4 
. el32 

6 .74 i  

. . . O B I ~ I I  

1.714 
.0215 

be. 2 

kk0 .650 
.?84 7 
.0015 
.0070 
. n n n  
.G99T 

5.519 - 

53.7 
60.2 
41.9 
46.0 
43.8 

1985 
Bag. eline 

100.099' 
.227L 
.0326 
.0121 
.0?65 

.723 3 

9 .?77 
.SgS? 

2.195 
.-. 0219 

'47.3 

489.875 
.38i5 
.00 36 
.OX35 
i 036.; 
.5375 

4 .894 
.- 

60.4 
62 .3  
56.2 
50.6 
45.6 . 



Comparing t h e  1980 base l ine  with 1973, a 3 . 3  percent  annual increase  i n  demand 
occurs because of higher  r e a l  incomes and populat ions.  The s h i f t  from au to  t o  
o the r  modes (mainly a i r )  i s  h e  t o  t h e  longer  au to  t r a v e l  t imes caused by t h e  55-mph 
speed l i m i t ,  a s  we l l  a s  increases  i n  r e a l  income which c r e a t e  a  s t ronger  preference 
f o r  t h e  high-speed, higher-cost a i r  mode. Both user  cost/passenger-mile (expressed 
i n  cons tan t  1973 d o l l a r s )  and user  t imelpassenger-mile increase  between 1973 and 
1900 due t o  higher  f a r e s ,  higher  au to  opera t ing  c o s t s ,  and t h e  55-mph speed l i m i t .  
However, t h e  r i s e  i n  r e a l  income i s  more than  s u f f i c i e n t  t o  o f f s e t  t hese  cos t  
i nc reases ,  s o  t h a t  per-capi ta  t r a v e l  increases .  Because of t h e  assumed load  f a c t o r  
increases  f o r  1980 on a l l  modes, higher  a i r  s e a t i n g  d e n s i t i e s ,  and improved au to  
f u e l  econow,  energy i n t e n s i t y  improves by 12 .8  percent  t o  4894 Btulpassenger-mile. 
Thus, energy consumption grows a t  only 1 . 5  percent  annual ly ,  l e s s  than  ha l f  t h e  
demand growth r a t e .  



SECTION I1 - STRATEGY EVALUATION 

The ob jec t ive  of t h i s  study was t o  formulate and eva lua te  s t r a t e g i e s  which might 
e f f e c t  modal s h i f t s  i n  short-haul  i n t e r c i t y  t r a v e l  t o  reduce f u e l  use.  Using t h e  
a n a l y t i c a l  procedures developed i n  t h e  methodology t a s k s   asks 1 t o  4 i n  F ig .  l ) ,  
Tasks 5 and 6 were d i r e c t e d  t o  t h e  genera t ion  and eva lua t ion  of p o t e n t i a l  energy 
savings  f o r  each s t r a t e g y .  These t a s k s  included t h e  i d e n t i f i c a t i o n  and quan t i f i ca -  
t i o n  of i nd iv idua l  fuel-conserving measures, formulatior1 and f u r t h e r  eva lua t ion  of 
s t r a t e g i e s  comb.ining t h e  most e f f e c t i v e  measures, and cons idera t ion  of po l icy  impli- 
ca t ions  and c o s t / b e n e f i t s  a s soc i a t ed  with t h e  s t r a t e g i e s .  

Every s t r a t e g y  which can be conceived t o  induce modal. s h i f t s  w i l l  probably have 
t h c  a d d i t i o ~ ~ a l  compound e f f e c t s  of suppressing t r a v e l  demand o r  changing mode e f  f i- 
ciency.  Si~pp?-rssion o f .  dcrnand L epl.ese11'tS a I imi.t.ation on frcedon~ of ~ n u b l l l t y  , but 
could be accomplished by more d i r e c t  means i f  t h e  need were g rea t  enough. Likewise, 
improvements 'in mode e f  f  i c i  ency a r e  being accompli.shed by more cf fert i v e  rncasu-es 
(improved a u k  fUe' l . .  eranomy, increased a i i b c ~ . u f t  e f f i c i e n c y )  than t h e  use of regula- 
t i o n  o r  s t imu la t ion  of  induced modal  shift.^. To determine t h e  t r u e  e f f ec t iveness  
of' s t r a t e g i e s  t o  induce modal s h i f t s ,  t h e  compound e f f e c t s  of changes i n  t r a v e l  

demand s h ~ u l d  he nnrmslized. 

For convenience i n  t h e  performance of t h e  present  s tudy ,  it was decided t o  f i r s t  
a s s e s s  t h e  e f f ec t iveness  of i nd iv idua l  s t r a t e g i e s  on t h e  b a s i s  of t o t a l  energy savings 
inc luding  t h e  compound e f f e c t s  of  changes i n  demand and mode e f f i c i ency .  This approach 
provided a  prel iminary screening  t o  i d e n t i f y  s t r a t eg i co  which ~ u d d  then be combined 
t o  g ive  an i n d i c a t i o n  of maximum p o t e n t i a l  savings r e s u l t i n g  from modal s h i f t s .  I n  
t h e  subsequent ana lys i s  of combination s t r a t e g i e s ,  t h e  enerey savings r e s u l t i ~ ~ g  
d i r e c t l y  from induced 11loda.3, s h i f t s  a r c  detc~lui l led,  f.f.c?gether with t h e  s a v i ~ ~ g s  a t t r l b -  

u t a b l e  Lo t h e  e i f ' ec t s  of demand suppression and i r n p r o v ~ m ~ i ~ t  o all modc cf f % c i e l ~ u y .  

INDIVIDUAL MODE-SHIFT STRATEGIES 

The genera l  conclusion o f  t h e  energy da t a  base ano.l,ysis of  Taslr 3 was t h a t  t h e  
leas t  energy-intensive shor t -haul ,  i n t e r c i t y ,  t r a v e l  mode i s  bus;  t h i s  conclusion 
i s  widely accepted. Considerations which inf luence  t h c  r e l a l i v e  energy i n t e n s i t i e s  
of r a i l ,  au to  and a i r  inc lude :  l oad  f a c t o r ;  spread and mix fif vehio lc  t ypes ;  f u e l  
ur cncrgy source; speed, a l t i t u d e ,  opera tor  and t e r r a i n  v a r i a t i o n s ;  c i r c u i t y ;  main- 
tenance e f f e c t s ;  and Federal  and s t a t e  r egu la t ions .  Even though s h i f t s  from a l l  
modes t o  bus might be un ive r sa l ly  acknowledged.to produce energy savings,  a d d i t i o n a l  
savings must be considered through s h i f t s  among t h e  o the r  modes. The energy i n t e n s i t y  
comparison i n  Fig.  1 4  i s  a  u s e f u l  s t a r t i n g  po in t .  This diagram incorpora tes  t h e  
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f i nd ings  of t h e  Task 3 e f f o r t ,  descr ibed e a r l i e r ,  i n  a  p l o t  of B ~ U / A S M  vs i n t e r c i t y  
d i s t a n c e  (nonci rcu i tous  m i l e s ) .  It a l s o  inc ludes  assumed s e a t i n g  d e n s i t i e s  and 
proposed au to  f u e l  e f f i c i e n c y  f o r  1980. The spread i n  energy i n t e n s i t y  of  each 
mode i s  caused by equipment and c i r c u i t y  v a r i a t i o n s ;  t h e  c i r c l e d  po in t s  were com- 
puted us ing  average va lues  f o r  t h e  48 r ep resen ta t ive  c i t y - p a i r s  analyzed i n  d e t a i l  
i n  t h i s  s tudy .  

Based on t h e  r e l a t i v e  energy i n t e n s i t i e s  depic ted  i n  F ig .  1 4 , . a i r  and bus a r e  
shown t o  occupy t h e  extreme pos i t i ons  when load  f a c t o r  e f f e c t s  a r e  excluded. The 
d e l i n e a t i o n  between r a i l  and au to  i s  not  c l e a r ,  however, because of  t h e  s u b s t a n t i a l  
ove r l ap  between t h e i r  zones. Even t h e  average values f o r  r a i l  and au to  compare 
very  c l o s e i y .  A more d e f i n i t i v e  comparison r e s u l t s  when pro jec ted  1980 load  f a c t o r s  
a r e  incorporated,  a s  i n  Fig. 15.  A l l  load f a c t o r s  used i n  preparing Fig.  1 5  a r e  
somewhat higher than  1973 base va lues ,  a s  shown below: 

Load ~ a . c t o r ,  % 
I\$o de . 1973 1980 

~ u t o  h3.8 
EUS 46. o 
Ra i l  41.9 
T/LS A i r  53.7 
Commuter A i r  60.2 

- 
Overa l l  h5.2 

I n  p ro j ec t ing  1oa.d f a c t o r s  f o r  1980, s e r v i c e  frequencies  f o r  r a i l ,  bus and com- 
muter a i r  were held a t  cu r r en t  l e v e l s  un less  demand would fo rce  load f a c t o r  above 
65%, i n  which case  frequency was increased.   or r a i l ,  however, h a l f  uI' Llle denland 
gr0wt.h was accommodated by lengthening t r a i n s  and only t h e  o the r  ha l f  by adding new 
t r a i n s .  ) Because of rout ing  r e s t r i c t i o n s ,  t runk  and l o c a l  s e rv i ce  a i r  load f a c t o r s  
were p re spec i f i ed  from 0 t o  12% above 1973 l e v e l s ,  ~ ~ e f ' l e c t i n g  an  o v c r a l l  load f a c t o r  
i nc rease  from 54% t o  GUS, anti I requencles  a1.e calculated accordingly. Tltu s1~1.1fprn~nt. 

mix on each rou te  remained unchanged, except t h a t  50% of a l l  t r unk / loca l  s e r v i c e  
turboprops and four-engined, narrow-bodied a i r c r a f t  were replaced (on a  one-for-two 
b a s i s )  by DC-9-30 and wide-body t r i - j e L s , . r e s p e c t i v e l y .  Sea t ing  capac i t i e s  were 
increased  from 1973 l e v e l s  f o r  three-  and four-engine a i r c r a f t ,  r e f l e c t i n g  cur ren t  
t rends .  Auto sea t ing  c a p a c i t i e s  were decreased s l i g h t l y  from 5.1 i n  1973 t o  4.9 i n  
1980 i n  accordance with t h e  pro jec ted  sh i f ' t  t o  smaller ca r s  dul l ug  the ,  19702. 

The above load  f a c t o r s  were used i n  Fie .  15 f o r  purposes of fl lustra.l ; ioli  only. 
A l l  computations i n  t h e  s t r a t e e y  eva lua t io r~  u.L;illzt.d t h e  ca lcu la ted  par.Ly s i z e ,  for 
both personal  and bus iness  t r a v e l  ( a s  it var ied  among modes), which i s  more a  funct ion 
of c i t y -pa i r  ( s e e  Table X I X )  than of d i s t ance ,  per  se .  The c i ty -pa i r  e f f e c t  i s  
respons ib le  f o r  t h e  wide s c a t t e r  i n  c o r r e l a t i o n s  of au to  occupancy r a t e  with d is -  
t ance ,  such a s  given i n  Ref. 12. 



FIG. 15 

ENERGY INTENSITY COMPARISONS 

BTUI  REV. PASS-MI. 

- 

- 

- I. . 

A I R  

I - A U T O .  

- 1 ' R A I L  

1 I I I -- 

0 100 200 300 400 500 600 

TRIP LENGTH, ST MI 



Since auto i s  t h e  dominant short-haul  i n t e r c i t y  mode, t h e  l a r g e s t  t o t a l  energy 
saving  could be achieved by s h i f t i n g  au to  passengers t o  bus and ra i l ,  even though 
t h e  Btu/R?hI advantage ind ica t ed  i n  F ig .  1 5  would be l e s s  than  f o r  air-to-ground 
s h i f t s .  With these  cons idera t ions  i n  mind, prel iminary mode s h i f t  measures were 
conceived f o r  each mode i n  order  t o  i d e n t i f y  t h e  most e f f e c t i v e  s t r a t e g i e s .  

Bus Improvement Keasures 

Four independert measures were se l ec t ed  t o  make t h e  bus more a t t r a c t i v e  t o  
passenpers:  

Reduce f a r e  
Reduce trip time 
Offer  d e s t i n a t i o n  t r a n s p o r t a t i o n  d i scoun t s  
Offer  enroute meal and lodging discounts  

Note t h a t ,  a t  t h i s  p o i n t ,  t h e  means hy which these  improvements might be e f f ec t ed  
a r e  l e f t  unspecif ied.  I n  add i t i on ,  t h e  improvements a r e  stsated i n  purely qua l i t a -  
t i v e  terms; t h e  impact of each w i l l  vary according t o  i t s  magnitude (e .g. ,  how 
much of  a  f a r e  r educ t ion? ) .  Consideration was given t o  r e a l i s t i c  bounds on each 
improvement, inc luding  t h e  pol icy  and implementation problems discussed f u r t h e r  on. 
A s  a  r e s u l t ,  t h e  fol lowing bus improvement measures were adopted i n  t h e  prel iminary 
s t r a t e g y  eva lua t ions :  

. 50% reduct ion  of  bus f a r e s  (about  $6. 3 8 / t r i p )  

10% decrease i n  o v e r a l l  bus terminal-to-terminal t ime, which would r equ i r e  
a  more than 10% improvement i n  c r u i s e  speed t o  o f f s e t  congestion and l o c a l  
s t r e e t  t r a v e l  near  each end 

$5.00 d i s c o u n t . f o r  bus t r a v e l e r s  on t h e i r  des t ina t ion  t r a n s p o r t a t i o n  c o s t s  
incurred because they do not  have t h e i r  own c a r s  f o r  t h i s  purpose (about  
50% of t h e  d e s t i n a t i o n  t r anspor t a t ion  c o s t )  

50% discount  f o r  bus t r a v e l e r s  on t h e  e x t r a  meal and lodging c o s t s  due 
t o  t h e  r e l a t i v e  slowness of t h e  bus (about  $ > , 3 4 / t r i p )  

Each of t hese  measures w a s  simulated a s  an independent mniin.1 sh i f t .  strategy 
using t h e  modeling approach descr ibed e a r l i e r .  R e s u t s  of t hese  s i m i l l ~ . ~ i n l ? s  a r c  
summarized i n  'l'a'ble XXII, which a l s o  includes t h e  two reference  ( b a s e l i n e )  columns 
descr ibed under Task 4. It  should b e  noted t h a t ,  i n  Table XXII and subsequent 
t a b l e s  up t o  Table X X X I I I ,  t h e  r e s u l t s  a r e  r e s t r i c t e d  t o  only short-haul (67-500 m i )  
SIGA-to-SMSA t r a v e l .  Once a l l  s t r a t e g i e s  have been evaluated,  t h e  r e s u l t s  w i l l  be 
expanded t o  t he -  e n t i r e  short-haul t r a v e l  s e c t o r ,  including i n t e r c i t y  t rave l  below 
67 mi les  and non-SMSA t r a v e l .  



Each bus improvement s t r a t e g y  r e s u l t s  i n  a s i g n i f i c a n t  growth i n  bus t r a v e l ,  
r a i s i n g  i t s  passenger-mile share  from 2.85% t o  3.70-5.12%; however, t h e  number of 
t r a v e l e r s  using bus remains r e l a t i v e l y  small  and t h e  impact on energy i n t e n s i t y  i s  
q u i t e  modest. Furthermore, enough new t r a v e l  i s  induced by a t t r a c t i v e  bus se rv i ce  
t h a t  t o t a l  energy consumption increases  r a t h e r  than  decreases .  To properly eva lua te  
energy savings,  t h e r e f o r e ,  it i s  necessary t o  account f o r  t h i s  increased  demand. 
The r e s u l t  i s  t he  "demand-normalized energy saved" column shown i n  Table X X I I ,  which 
i s  t h e  s t r a t egy  demand mul t ip l i ed  by t h e  base l ine  energy i n t e n s i t y ,  l e s s  energy 
a c t u a l l y  used. These savings thus  r ep re sen t  t h e  d i f f e r ence  between t h e  energy 

a c t u a l l y  used and what would have been used had t h e  base l ine  i n t e n s i t y  p reva i l ed .  
A demand-normalized saving i l l u s t r a t e s  an allowance f o r  growth i n  t h e  system without 
a propor t iona l  increase  i n  energy. For t h e  case  of  a 50% f a r e  reduct ion ,  f o r  example, 

9 t o t a l  t r a v e l  could increase  by 1.68 x 10 passenger-miles per  year  ( o r  1 .68%) with- 
out i ncu r r ing  an inc rease  over t h e  base l ine  energy. For t h e  bus-improvement s t r a t e g i e s ,  
normalized energy savings of  0.75% t o  1.69% were computed. 

The t h r e e  s t r a t e g i e s  which subs id ize  bus t r a v e l  c o s t s  reduce t h e  o v e r a l l  cos t  
of bus t r a v e l  by from 12% t o  17$, r e s u l t i n g  i n  t h e  s m a l l  decreases i n  o v e r a l l  t r a v e l  
cos t s  shown i n  Table XXII. These a r e  accompanied by ' sna i l  increases  i n  average t r a v e l  
t ime, however, due t o  modal s h i f t s  t o  bus which i s  slower than auto because of i t s  
access time. The 10% bus block time-reduction s t r a t e g y ,  r e s u l t i n g  i n  an 8.2% reduc- 
t i o n  i n  o v e r a l l  bus t r a v e l  time when access  time i s  considered, r a i s e s  average 
t r a v e l  cos t s  by s h i f t i n g  t r a v e l e r s  from auto  t o  bus, a mode having g r e a t e r  out-of- 
pocket cos ts .  Overal l  t r a v e l  time remains t h e  same. 

Each bus cost-reduct ion s t r a t egy  has a d i r e c t l y  measurable subsidy, a s  shown. 
 he time-reduction s t r a t e g y ,  while  having no d i r e c t  subsidy, m i g h t  have a measur- 
a b l e  c o s t ,  e .g . ,  t h e  cos t  of e s t ab l i sh ing  sepa ra t e  i n t e r c i t y  bus l a n e s . t o  s epa ra t e  
t he  buses .from slower au to  t r a f f i c . )  The subsidy cos t  per  u n i t  of (normalized) 

6 energy saved ranges from $18.12 t o  $20.86/10 Btu and i s  very high when compared t o  
t h e  crude pe t ro l& c o s t  of $2.30/10b Btu ($12 /ba r r e l ) .  It can be concluded t h a t  
improvements t o  t h e  bus mode aldn'e a r e  not e f f e c t i v e  energy-saving s t r a t e g i e s ,  
e i t h e r  i n  terms of t o t a l  energy saved o r  i n  terms of t h e  subsidy cos t  of such savings. 
In  combination with p e n a l i t i e s  on energy-intensive modes, however, bus improvements 
could be  e f f ec t ive .  Such combination s t r a t e g i e s  a r e  considered l a t e r .  

Ra i l  Improvement Measures 

R a i l  improvement measures (reduce f a r e ,  reduce t r i p  t ime ,  d e s t i n a t i o n  t r ans -  
p o r t a t i o n  d iscounts ,  and meal and lodging d iscounts )  a r e  d i r e c t l y  p a r a l l e l  t o  t h e  
bus measures except t h a t . t h e y  were appl ied  t o  conventional r a i l  only and not t o  , 

t h e  Northeast Corridor Metrol iner  s e rv i ce .  The re,asons f o r  excluding improvements 
too t h e  M ~ t . r n l  i n e r ,  a re :  1) it i s  a premium-fare s e rv i ce  f o r  which discounts  and 
subs id ies  would be cont rad ic tory ;  and 2 )  i t s  present  opera t ing  speed i s  a l ready  
high and cannot be increased appreciably without expensive right-of-way improvements. 



TABLE ,XXII 

1980 I'IELIMINPI<Y MODAL-ZIIIF'I STHWEGY RESULTS -- RLL S I I C R ~ ' - ~ - ( A ~  S~SI\-SMSA TRAVEL 

bus lrnprovernent Measures 

"ctc: A 1 1  ccst.? i ?  1073 * 
A l l  d i s t ances  s t r G g h t - l i r e  

bus lmprcvernents 
$5 Dest. 50% Meal 

50% Fare 10% Time . Transp. & Lodging 
Retl~lct ion Reductior. Discount Ciscount 

102 :180 i.oo. 9'11 101.. 633 101.798 
.2?14 .2250 .2233 .2227 
.0025 .0025 .0025 .0025 
.0112 .0116 .0112 .0113 
.0%12 .0370 .oh41 . .0456 
.7138 -7238 .7189 .7178 

10.156 l0.095 - 10.109 10.121 
.0994 .lo00 -0995 .0994 

2.272 2.216 2.250 2.256 
.0222 -0219 .0221 .0222 
46.7 47.3 46.9 46.9 

I 

9 I~EISS. ' Miles (10 : 
Fidal  Shares : T/LS Ai.- 

Commuter A i r  
.ba i l  & Metro 
EUS 

hut0 

0 ~ o t a l .  User cos t  ( l o - $ )  
Cos.t/Pass.  mil^ ( $ / ~ i l e  ) 

0 T o t a l  User Time (10' H r s  1 

Tim/Pass. -Mile ( ~ r s / ~ f l e )  
Avg. Travel Speed (IQH; 

subsidy Req'd (1c9$: 
Subsidy/Bus Pas s .  ( $ )  

.-- 2 
Tozal Enerpy (10 ~ t u )  

Modsl Shares:  T/LS Air 
Cmmuter Air 
R s i l  & Metro 
B-1,s 
k ~ t  o 

3 Energy I n t e n s i t y  ( 1 C  BtciP. ~ i l o )  
I %  Cmprovement)- 

Energy Saved (lo1? E tu) :  
Act 'la1 

( $1  
Demand-Normalispd 

( %  

Subsidy Cost of Iisxmali zert 

~ n e r g y  Saved ($!loSbtu) 
+ 

1973 

'79.845 
.I574 
.0011 
.0099 
.0214 
.8102 

6.741 
.a844 

1.714 
.0215 
48.2 

1980 
Baseline 

100. 099 
.2274 
.0026 
.0121 
.0285 
.7293 . 

9.977 
0997 

2.195; 
.0219 

- 
- 

4k0. 650 
-2847 
.a015 
. C070 
.a071 
. €997 

5.519 - 

- 
- 
- 
- 

I . l i p 8  ' 0 .1225 .1185 
- 

489.875 
.3815 
.0036 
.0085 
.0089 
.5975 

4.894 - 

- 
- 
- 
- 

- 

6.38 0 '5.00 . 5.34 

491.~58 -190.490 ,491.510 491.650 
.3-75 .3800 .3788 .3784 
.0035 .0035 .0035 .0035 
.0080 .0083 .0080 .0081 
. or 61 .OUT .0141 .0144 
.5948 .5965 -5957 .5956 

4 . e l 3  4.858 4.836 4.830 
1.66% 0.74% 1.18% 1.31% 

I 

' -1.683 -c.615 -1.635 -1.775 
-0.38% -0.13% -0.33% -0.36% , 

8.132 3.621 5.784 6.431 
1.66% 0.74% . 1.18% 1.31% 

18.91 0 21.18 18.43 



The r e s u l t s  of t h e  r a i l  s t r a t e g i e s  a r e .qua l i t a tLve ly  ~iwLlar t o  t h e  
corresponding bus s t r a t e g i e s ,  but  t h e  e f f e c t s  a r e  smaller  i n  magnitude, a s  shown i n  
Table XXIII. Three reasons f o r  t h i s  reduced ef fec t iveness  a r e :  

1) City-pairs  having r a i l  s e r v i c e  r ep re sen t  only 41% of SMSA-to-SMSA 
s h o r t - h ~ u l  demand, while a l l  c i t y -pa i r s  have bus se rv i ce .  

2 )  R a i l  energy consumption i s  approximately twice t h a t  of bus. 

3 )  Except i n  very dense co r r ido r s ,  t h e  l a r g e  s e a t i n g  capac i ty  of a  t r a i n  
r e l a t i v e  t o  a ' b u s  prevents adequate s e r v i c e  frequencies ,  except with very 

. l o w  load f a c t o r s .  

I t  i s  of i n t e r e s t  t o  s i n g l e  out  t h e  e f f e c t s  of  bus and r a i l  improvements on 
t h e  Northeast Corridor ( N E C )  c i t y -pa i r s  s i n c e  t h e i r  shares  i n  those  markets a r e  
higher than t h e  na t iona l  averages.  A comparison of t h e  NEC with a l l  short-haul 
t r a v e l  f o r  bus and r a i l  f a r e  reduct ions i s  provided i n  Table XXIV; t h i s  comparison 
i s  based on t h e  108 NEC c i ty -pa i r s  which have r a i l  s e rv i ce .  Although these  c i t y -  
p a i r s  represent  only 2% of a l l  short-haul SIGA-pairs, I t  can be seen t h a t  they 
account f o r  14% of t h e  passenger-miles and energy used. Also, t h e  modal shares  i n  
t h e  NEC a r e  not iceably d i f f e r e n t  from t h e  na t iona l  system, bus and r a i l  rece iv ing  
much l a r g e r  sha re s ,  p r imar i ly  a t  t h e  expense of a i r .  

Despi te  t h e  g r e a t e r  dependence on energy-ef f ic ien t  publ ic  modes i n  t h e  NEC, 
o v e r a l l  energy i n t e n s i t y  i s  higher among these  c i ty -pa i r s  than f o r  a l l  short-haul 
SMSA t r a v e l .  There a r e  s eve ra l  reasons f o r  t h i s  poorer energy performance, including 
a  much sho r t e r  average t r i p  d is tance  i n  t h e  N E C ,  making access a  r e l a t i v e l y  more 
important f a c t o r ,  and t h e  use  of Metrol iners  with higher  speed and energy i n t e n s i t y  
compared with conventional t r a i n s .  Somewhat higher  public-mode load f a c t o r s  i n  t h e  
NEC tend t o  compensate f o r  t hese  e f f e c t s ,  b u t  NEC energy i n t e n s i t y  i s  s t i l l  above 
t h e  na t iona l  average. 

The impacts o f . 5 0 %  f a r e  reduct ions a r e  seen t o  be g r e a t e r  i n  t h e  NEC than f o r  
.all short-haul t r a v e l ,  p a r t i c u l a r l y  i n  t h e  percentage improvements i n  energy inten-  
s i t y  and energy saved. Modal c h i f t ~  t o  r a i l  and  b1.1,~ R r p  .mnre e a s i l y  achieved i n  t h e  
NEC, thereby r e s u l t i n g  i n  a l a r g e r  energy saving from these  s h i f t e d  passenger t r i p s .  

Auto Penal ty Measures 

Three measures which would s t imu la t e  s h i f t s  from au to  t o  bus o r  r a i l  were 
evaluated:  

R c d u c t i o n i n a u t o s p e e d 7 . i m l t .  t n  SOmph 
Increase  i n  au to  opera t ing  cos t  by 50% 
Establishment of auto-free zones i n  t h e  c e n t r a l  business  d i s t r i c t  (CBD) 
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Rail  1ruprcvemer.t Measures vl 
vl 

W 

P 
0 

9 P3ss.-Miles (10 ) 
Modal Shares:  T:/LS Air 

C o m ~ t e r  P.ir 
R a i l & M e t r o  . 

BUS 

Auto 

9 T2 ta l  User Cost (10 $ 1  . 
Cost/Pass. -wile ($/Mile: 

9 To ta l  User Tine (10 Hrs) 
Time:Pass. -Vile (~rs . 'Mile)  
Avg. . Tra-el 'Speed (~PVPE : 

Subsidy Req'cl. ( lo9$)  
Subsidy/Eail  Pass. ( 2 )  

, 

I 

I 

Rail  Improvements 

$5 Dest. 50%Meals& 
50% Fare 10% Time Transp. Lodging 
Feductior ~ e d u c t i o n  Discount Discount 

101.046 ioo.b65 101.002 100.825 
.2254 . .2268 .2254 .2260 

1 .0025 .0026 .0025 .0026 
.0216' .0152 .0219 .0187 
.0276 .0281 .0277 .0278 
.7228 .7273 .7225 .7249 

10.060 10.021 10.051 10.039 
.0996 . 0997 0995 .OW 

2.227 2.204 2.226 2.219. 
.0220 .0219 .0220 .0220 
47.2 47,3 47.2 47.2 

-0604 0 .0786 .oh29 
4.09 0 5-00 3.73 

%2.611 490.833 491.848 491.952 
.3795 .3810 .3797 .3801 
.0035 .0035 .0035 .0035 . 01 b2 .0102 .0139 .0123 
. OOe7 .0088 .0088 .0088 
,5941 .5965 .5941 .5953 

4.875 4.086 4.870 4.879 
0.38% 0.17% 0.49% 0.30% 

-2.736 -0.958 -1.973 -2.077 
-2.56% . -0.20% -0.40% -0.42% 
1.881 0.830 2.Ir24 1. L65 
3,. 38% 0.17% 0.49% 0.30% 

' 1973 

79.845 
.1574 
.0011 
.0099 
.0214 
.8102 

6.741 
.0844 

1.714 
.0215 
40.2 

- 
- 

440.650 Tota l  Energy- (1012 ku:l 
Modal S h ~ r e s :  . TjLS  . l i r  

Comuter A i r  
Rail  & Metro 
BG 
~ u t o  

Energy Intef is i ty  ( l o 3  3tc/P. ~ i )  
( % ~nprsvement ) 

Energy Saved (1012 Btu) : 
Actu+l 
(% 
Demazd-Ncrmalized 
( % )  

2.11 0 32.43 29.28 

1980 
Baseline 

10C~.039 
.2274 
.[lo26 
.0121 
.o285 
. i 293 

9.977 
.[egg7 

2.195 . C219 
17.3  

- 
- 

489-875 

Subsidy Coat of  Norma tzz* Energy Sizved ($/'lo mu) 
I 9 - 

- 
- 

.2847 1 .:,a15 

.0015 

.0070 

.0071 

.6997 

5.519 
- 

- 
- 
- 
- 

. ~ 0 3 6  

. ~ 0 8 5  

. C089 

.5975 

4 .a94 
- 

- 
- 
- 
- 



EFFECTS OF B'JS AND RAIL FAEE REDUCTIOIiS IN ME NOR'IYEAST COREIDOR 

C i  ty-Pairs 
a 1 e (109) 

1 !b:oiiz: Shares: T/E A i r  

Northeast corr idor Only 

5W0 Rail  5% BUS 

1980 Fare Fare 
Baseline Reductioc Re3uction 

^ A l l  Short-Haul Travel 

Rail  ' 

Fare 
Redictior 

5311 
101.046 

.2254 

.0025 

.0216 

.0276 

.722& 

5q:. E;ls 
Fere 

Reduct ion 

5311 
1c2.13C 

.2214 

.002 5 . C112 

.0512 

.7138 



As ind ica t ed  i n  Table XXV, a  reduct ion  i n  speed l i m i t  from 55 t o  50 ,mph 
r e s u l t e d  i n  a  drop i n  t o t a l  demand of 5.6% and a  s h i f t  from au to  t o  o ther  modes, 
mainly a i r .  As a  r e s u l t  of t h e  s h i f t  t o  more c o s t l y  modes, user  costs /passenger-  
mi le  i nc rease  by 6.5%; d e s p i t e  t h e  s h i f t  t o  a i r ,  however, o v e r a l l  t r a v e l  speed 
dec l ines  because of t h e  slower au to  speeds. The dec l ine  i n  energy consumption of 
6.072 i s  a  combination of t h r e e  e f f e c t s :  1) t h e  l a r g e  dec l ine  i n  t o t a l  demand, 
2 )  improvement i n  automobile f u e l  economy from 20.0 mpg a t  55 mph t o  21.0 mpg a t  
50 mph, and 3)  modal s h i f t s .  When t h e  e f f i c i ency  improvement and modal-shift 
e f f e c t s  a r e  i s o l a t e d  by demand-normalization, t h e  energy saving near ly  d isappears .  
The saving r e s u l t i n g  from t h e  lower speed l i m i t  (which would be 2.34% i n  t h e  ab- 
sence of demand and modal s p l i t  changes) i s  near ly  el iminated by s h i f t s  t o  a i r .  

The second au to  s t r a t e g y  i s  a  50% increase  i n  d i r e c t  opera t ing  cos t  from 5.4d 
t o  8 . ld* /vehic le  mi le ,  a s  would r e s u l t ,  f o r  example, from a  gasol ine  t a x  increase  
of 544/gallon. This s t r a t e g y  i s  s imi l a r  t o  t h e  Adminis t ra t ion ' s  proposed 54 per  
year  gaso l ine  t a x  included i n  t h e  National  Energy Plan.forwarded t o  Congress on 
April 30 ,  1977? Again, demand dec l ines  and t h e r e  i s  a  modal s h i f t  from au to  t o  a i r .  

Ove ra l l ,  average t r a v e l  c o s t s  i nc rease  'by 13.2%, but  a.veluage .t;rauel t ime declineo 
s l i g h t l y  dlie t o  t h e  s h i f t  t o  a f a s t e r  mode. The only energy-saving c h a r a c t e r i s t i c  
of t h i s  s t r a t e g y  i s  t h e  demaxd reduc,tion; when t h i s  e f f e c t  i s  removed by normaliza- 
t i o n ,  t h e  energy "saving" becomes negat ive ,  a s  i nd ica t ed  by t h e  increased  energy 
i n t e n s i t y .  Even with t h e  demand reduct ion and s h i f t s  from auto ,  f e d e r a l .  gacol ine 
t a x  r e c e i p t s  from short-haul  t r a v e l  a lone increase  from $93.7 mi l l i on  (b$/ga l lon)  
t o  $1179.0 mi l l i on  (584 g a l l o n ) .  

The t h i r d  au to  s t r a t e g y  i s  t h e  establ ishment  of auto-free zones i n  t h e  c e n t r a l  
business  d i s t r i c t s  ( C B D )  of SMSAs having populat ions of one-million o r  more. This 
was simulated by adding 15 minutes and 504 t o  t h e  t ime and cos t  of  a l l  auto t r i p s  
having one end i n  a  CBD, and double t hese  amounts when both ends a r e  i n  SFDs. This  
r ep re sen t s  the  use of mass t r a n s i t  i n  p l ace  of  au to  t o  t r ave l  betweell a remote 
parking l o t  and t h e  u l t ima te  o r i g i n  o r  d e s t i n a t i o n  i n  t h e  CBD. No a d d i t i o n a l  park- 
i n g  charges were 8.ccounte.d f o r  sirlce auto t r a v e l e r s  to/from CBDs probab1.y m..l.ready 
pay f o r  parking.  The impact of  t h i s  s t r a t e g y  on t h e  o v e r a l l  short-haul  market is  
r e l a t i v e l y  small  because only about 7% of' a l l  t r a v e l  invufves CDDs, a i ~ d  t h e  p e n a l t i e s  
a r e  modest. However, l a r g e r  impacts can be seen when looking a t  s p e c i f i c  s i t u a t i o n s .  
For example, i n  t h e  case  o f  t r a v e l e r s  bet-reen Boston and New York who start and/or 
end t h e i r  t r i p s  i n  a  CBD, t h e  modal s p l i t  cl~arlges from 43% auto ,  ~ I ) I $  a i r ,  13% 
bus and r a i l  i r ~  t1:e b a s e l i n e ,  t o  39% au to ,  46% a i r ,  .1.5% bus E U J ~  r a i l .  ~ l t h o u g h  
almost 10% of t h e  CBD au to  t r a v e l e r s  have changed modes, t h i s  r ep re sen t s  l e s s  
than  1% of t h e  e n t i r e  New York-Boston market. r'url;he~.lnure, l ~ a l r  of tlic di7v7croionc 
a r e  t o  a i r ,  thereby negat ing any poss ib l e  energy saving.  The c a j o r  impact of 
t h i s  s t r a t e g y  i s  probably on l o c a l  urban t r a v e l ,  which i s  beyond t h e  scope of t h i s  
s tudy .  

*Only mileage-related c o s t s  ( f u e l ,  r e p a i r s ,  maintenance, t i r e  wear) a r e  included. 
Other c o s t s  (dep rec i a t ion ,  insurance ,  t a x e s )  a r e  r e l a t i v e l y  f ixed  and would be 
incu r red  even i f  no i n t e r c i t y . t r i p s  we-e made because automobiles a r e  owned mainly 
f o r  l o c a l  t r a v e l .  



TABLE XXV 

1980 PRELIMINARY MODAL-SHIFT STRATEGY RESULTS -- ALL SHOKT-HAUL SMSA-WSA TRAVEL 

Auto Penal ty Measures 

9 Pass.-bii.'Liles ! l o  ) 
Modal Shares:  T/I9 Air 

Coomuter A i r  
Ra i l  & Metro 
Bus 
Auto 

9 Tota l  User Cost (10 $ )  
Cost/Pass .-Mile ($ /Mi le j  

9 Tota i  User Time (10 ~ r s )  
TimeKuss. -Mile ( h r s / ~ i l e )  
Avg. Travel  Speed. ( I 4 P H )  

9 Addit ional  User Charge (10 $ )  
?er  A-uto Pass. ($) 

--- .---.I 1 2  T c t a l  Energy (10 BTU) 
Plcdal S!iares: T/LS A i r  

Ccrauter  A i r  
3 a i l  & Metro 
EJ s 

I Auto 

3 Energy I n t e n s i t y  (10  ETU/P.l4ile ) 
1 . ( %  Izpr3-renent ) 

-------. 

Energy Saved (1012 BTU) : 
Actual 

-.-. ( a  1 3emi;ia-*i-i*li'ze -6,.----- -.- 

- .. . . 
I'X 

. . -  . . - . - . -. . . . - . . - -. , - 
Add'l User Charge/Actual Energy 
Saved ($ / lo6  Btu)  

Note: All Costs i n  1973 $ 

Lasel ine 50 MPH cos t  Incr .  Autc-Free C3C's I- I 



While modal s h i f t  s t r a t e g i e s  which pena l i ze  au to  t r a v e l  can produce l a r g e  
energy savings,  t h e s e  a r e  achieved l a r g e l y  through t h e  suppression of demand. 
When considered i n  terms of energy i n t e n s i t y ,  t h e  s h i f t s  t o  a i r  induced by t h e  
auto, p e n a l t i e s  tend t o  negate  t h e s e  savings.  

S t r a t e g i e s  t o  Induce Modal S h i f t s  from A i r  Travel  

Three measures were inves t iga t ed  f o r  inducing s h i f t s  away from a i r  t ra ,vel  o r  
i nc reas ing  i t s  energy e f f ec t iveness :  . 

Fare surcharges 

Changes i n  equipment and procedures 
Use of more energy-ef f ic ien t  veh ic l e s  i n  shor t -d is tance  segments of 
long a ir  t r i p s  

Resu l t s  Yor t h e  bas i c  a i r  measures aggea.r i n  Tablc XXVI i n  t h e  same format as a 

previous tables, again f o r  JuoB OM3A-SWu t r a v e l .  Addi t iona l  a i r  measures w i l l  be 
explained sepa ra t e ly .  

Fa re  Surcharges 

I n  t h e  first  s t r a t e g y ,  two types  of  surcharges on short-haul riir fares were 
considered;  these could be iluplemebted a s  e i t h e r  a t a x  o r  as a d d i t i o n a l  revenue f o r  
t h e  c a r r i e r s .  The f i r s t  type  of surcharge (dec l in ing  surcharge)  has t h e  form 
$25.00-$0.05 x d i s t ance  (expressed i n  1973 d o l l a r s )  and w a s  designed t o  have t h e  
l a r g e s t  impact on t h e  s h o r t e s t  rou te s ,  where a i r  energy i n t e n s i t y  i s  h ighes t .  This 
surcharge r e s u l t s  i n  a 100% f a r e  increase  on 100-mile rou te s ,  30% a t  300 mi les ,  and 
d isappears  e n t i r e l y  a t  500 miles .  The average increase  i s  21.3%. The second t m e  
of' surcharge ( f i x e d )  w a s  s ~ t .  n t  $8.00 (1973 d u l l t t ~ 8 )  before discounts ,  a l i t t l e  more 
than  t h e  average of t h e  dec l in ing  surcharge. It  r e s u l t s  i n  a 40% f a r e  increase  a t  
100 mi les ,  25% a t  300 mi les ,  and 15% at  500 mi les ,  f o r  an average of 23.8%. The 
f i x e d  surcharge has t h e  advantage o f  having a. s i g n i f i c a n t  impact on longer  shor t -  
haul  a i r  t r i p s ,  which a r e  s t i l l  h igh ly  encrgy i n l e ~ l u l v e  r e l a t i v e  t o  o the r  modes, bu t  
in t roduces  a d i scon t inu i ty  i n t o  t h e  a i r  f a r e  s t r u c t u r e .  

The two surcharges have similar e f f ~ r t s ,  although tile r ixea surcharge, d e s p i t e  
eauslrig a l a r g e r  average f a r e  increase  than  t h e  dec l in ing  surcharge,  has a somewhat 
smaller  impact. I n  both cases ,  s i g n i f i c a n t  numbers of a i r  t r a v e l e r s  a r e  d iver ted  
t o  o t h e r  modes, mainly a u t ~ .  Thwe divcroions Lu sPvwer modes cause a dec l ine  i n  
t h e  average t r a v e l  speed; however, t h e  d ivers ion  t o  l e s s  c o s t l y  modes o f f s e t s  t h e  
a i r  f a r e  surcharge, t h e r ~ h y  r e s u l t i n g  i n  l i t t l e  o r  no increase  i n  t h e  average cos t  
of t r a v e l .  The enerpy sav ines ,  both ac.t.11~1 arid normalized, a r e  among t h e  l a r g e s t  
of the ind iv idua l  s t r a t e g i e s  i nves t iga t ed ,  wi th  d ivers ions  from t h e  most energy- 
i n t e n s i v e  mode r e s u l t i n g  i n  s i g n i f i c a n t  reduct ions  i n  t h e  o v e r a l l  energy i n t e n s i t y .  
The c o s t  of t h e s e  energy savings,  i n  terms of a d d i t i o n a l  u se r  charges,  i s  s t i l l  very 
high r e l a t i v e  t o  t h e  c o s t  o f  t h e  petroleum saved. 
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1980 FRELIMNARY MODAL-SHIFT STRATEGY RESULTS -- ALL SHORT-HAUL SMSA-SMSA TRAVEL P IU 
vl vl 

A i r  penalty & Energy ~e 'duct ion  I4easures 
W 

P 
0 .  

A l l  Distances Straight-Line 
All Costs i n  1973 $ 

9 Pass.-Miles (10 J 
Modal Shares: TILS A i r  

Commuter Air 
Rail  % Metrc. 
Bus 
Auto 

Total  Use: Cost (10'$) 
Cost/Pass.-Mile ($/Mile) 

Tota l  User Time (10' Hrs) 
Time1Pass.-Mike ! ~ r s / M i l e )  
Avg. Travel  Speed ( q h )  

Tota l  Nev User Charge ( lo9$)  
Per Air Pass. ( $ )  

12 Tota l  Energy (10 Btu:l 

1973 

79.@45 
0.1574 
0. O C l l  
0.OCgg 
0 . 0 ~ 4  
0.8302 

6.7L1 ' 

0.0844 

1.714 
0.0215 

4.3.2 

- 
440.650 

1980 
Baseline 

100.099 
0.2274 
0.0026 
0.0121 
0.0285 
0.7293 

9.977 
0.0997 

2.195 
0.0219 

47.3 

- 
- 

489.875 
b'.odal Shares: T/IS A i r  1 0.2847 0.3815 

0.0036 
0.0085 
0.0089 
0.5975 

4.894 
- 

7.715 - 

- 
- 
- 
- 

-. 

- 
- 

0.604 
10798 
98.2 

Commuter A i r  
Rail  & Metro 
Eus 
Auto 

h e r g y  Inzensit7 (1o3I3tu/~.Mi ) 
% Imrwement  

T/LS Line-Haul Energy I n t .  
% Imprcvement 

Energy Saved (10l2 Btu) : 
~ c t u a l  - ( $ 1  
Demand- Normalized 
($1 

Nev User Charge/Energy Saved 
kc tua l  ($ / loL Btu b Normalfzed <$I10 Btu) 

T/LS Air Systen Data: 
Load F w t o r  
F l i g h t ~ / ~ a y  
Seats /Fl ight  

Air Fare Surcharges 

Fixed Declining 

96.916 97.157 
0.1764 0.1741 
0.0035 0.0032 1 0.0140 0.0139 
0.0328 0.0323 
0.7733 0.7767 

9.659 9.706 
0.0997 0.0999 

2.195 2.208 
0.0226 0.0227 

45.6 45.4 

0.3710 0.4109 
7.03 7.46 

. 451.285 454.043 

0.08015 
0.0070 
0.0071 
0.6997 

5.519 - 
9.371 - 

- 
- - 
- 

- 
- 

0.537 
7782 

96.3 

bieasures t o  Reduce A i r  Energy In tens i ty  
Current Frequencies 

70% Load (70% Max. Load  actor) 
No Large Factor-All Routes Baseline No Large 
Aircraf t  (Baseline A i r c r a f t )  Aircraf t  Aircraf t  

100.121 09.872 99.986 100.021 
0.2278 0.2231 0.2244 0.2252 
0.0026 0.0026 0.0027 . 0.0026 
0.0121 0.0124 0.0122 0.0122 
0.0285 0.0288 0.0287 0.0287 
0.7290 0.7332 0.7320 0.7314 

9.982 9.319 9.945 9.953 
0.0997 0.0993 0.0995 0.0995 

2.195 2;203 2.202 2.200 
0.0219 0.0221 0.0220 0.0220 

47.3 47.2 47.2 47.2 

0 0 0 0 
0 0 0 .  0 

480.451 463.352 471.243 , 465.654 
0.3012 0.3035 
0.0049 0.0045 
0.0101 0.0099 
o.0108 0.0106 

. 0 . 6 7 3 0  0.6716 

4.656 4.673 
4.85% 4.51% 

7.467 7.636 
3.22% 1.02% 

38.590 35.832 
7.88% 7.31% 

2 2 . 0 8 j -  
23'769 4 .85% 4.51% 

---. 

9.61 11.46 
15.61 18;61 

0.604 0.604 
9810 9920 

' 97.6 97.5 

0.3696 0.3433 0.3548 0.3476 
0.0036 0.0036 0.0038 0.0037 
0.0087 . O.OOg0 0.0089 O.OOg0 
0.0091 0.0095 0.0094 0.0095 
0.6090 0.6344 0.6232 0.6303 

4. 799 4.639 4.713 4. 656 
, 1.95% 5.20% 3.69% 4.87% 

7.291 6.644 6.954 6.689 
5.50%. 1 3  :88$ 9.06% 13.30% 

9.424 26.523 18.632 24. 221 
1.92% 5.41% 3.80% 4.94% . 
9.530 25. b70 18.099 22.858 

5.20x 3.69% 4.871 1.95% - 
0 o o 0 
0 0 0 0 

0.617 0.700 0.667 0.674 
10980 9240 9984 10220 
94.5 98.1 98.0' 94.5 

& 

' 



s t r a t e g i e s  t o  Reduce t h e  Energy I n t e n s i t y  of  A i r  Travel  

The next four  s t r a t e g i e s  were designed t o  reduce t h e  energy i n t e n s i t y  of a i r  
t r a v e l  r a t h e r  than t o  d i v e r t  t r a v e l e r s  from a i r .  I n  t h e  1980 base l ine ,  t h e  load 
f a c t o r  f o r  each rou te  i s  spec i f i ed  a t  from 0 t o  12% above 1973 l e v e l s ,  corresponding 

t o  an inc rease  i n  t h e  average load f a c t o r  from 54% t o  60%. The a i r c r a f t  mix i s  t h e  
same as i n  1976, except t h a t  ha l f  t h e  B - ~ o ~ / D c - 8  and turboprop a i r c r a f t ,  which a r e  - 

being r e t i r e e ,  a r e  replaced by DC-10/L-1011 and DC-9-30/B-737-200 a i r c r a f t ,  respec- 
t i v e l y ,  on a  one-for-two b a s i s .  Increases  i n  s e a t i n g  d e n s i t i e s  on l a r g e r  a i r c r a f t  
a r e  a l s o  assumed, i n  l i n e  with cu r r en t  a i r l i n e  t rends .  The a c t u a l  frequency on each 
r o u t e  i s  s e t  t o  match t h e  demand, cons i s t en t  with t h e  spec i f i ed  load  f a c t o r  and 
c a p a c i t y l f l i g h t .  

The f i r s t  a i r  energy-intensi ty  reduct ion s t r a t e g y  involves t h e  replacepent  of 
l a r g e  a i r c r a f t  by smaller  a i r c r a f t .  Most of t h e  dense routes  a r e  served i n  p a r t  
by l a r g e  a i r c r a f t  (i. e. ,  B-747, DC-10, L-1011, B-707, DC-8) . Typical ly ,  t h e  
i t i n e r a r y  i s  a  s h o r t  hop t o  a l.a.rge hub, followed by a .long leg t o  a d i s t a n t  best in-  
a t i o n ,  such oo Detru i t -Chi~ago-Sea t t le  o r  San Diego-Los Angeles-Mew York. The use 
of t h e  l a r g e  a i r c r a f t  'on the.  s h o r t  l e g  i s  t.0 provide same-plane se rv i ce  t o  t he  
u l t ima te  des t ina t ion .  Replacement by a  smaller  a i r c r a f t  ( i . e . ,  DC-9-30 o r  
B-737-2001 connecting wi th  t h e  longer  f l i g h t ,  while poss ib ly  involving urlacceptable 
inconvenience t o  t h e  passengers ,  would provide two b e n e f i t s :  a  reduct ion  i n  energ;y 
i n t e n s i t y  per  seat-mile  and an i n c s p a s ~  i n  load f&cLul-. AS shown i n  Table XFiI, a 
LuLal energy saving of about 2% r e s u l t s  from t h e  5.5% dec l ine  i n  a i r ,  l ine-haul ,  
passenger-mile energy i n t e n s i t y .  About 3.5% of t h i s  dec l ine  i s  due t o  equipment 
changes while t h e  remaining 2% r e s u l t s  from t h e  load f a c t o r  increase .   he small 
i nc rease  i n  t o t a l  f l i g h t s ,  which s t imu la t e s  demand s l i g h t l y ,  occurs because the  
increased  load f a c t o r s  were not allowed t o  excced 6 5 5 . )  

The second s.tl.ategy i s  enforcement of a  70% 1oad . f ac to r  on a l l  r ou te s ,  such a s  
might occur i n  a  f u e l  a l l o c a t i o n  s i t u a t i o n .  This value probably represents  t h e  nsxi-  
mum achievable average, considering time-of-day, day-sf-week, a n d  seasonal varia ' l ; lons,  
and would 11.ndoubtedly cause some r e j e c t e d  demand during peak, t r a v e l  periods; ,when load 
f a c t o r s ,  even nowj approach 100%. The s t r a t e g y  r e s u l t s  i n  a  near ly  1 4 %  reduct ion i n  
a i r  energy i n t e n s i t y  and a  saving of over 5% i n  t o t a l  energy. 

Since it m8y not b c  poss ib le  to achieve a  high load  f a c t o r  on a l l  rou tes  because 
of scheduling,  rou t ing ,  and a i r c r a f t  pos i t ion ing  cons idera t ions ,  an add i t i ona l  
s t r a t e g y  was s tud ied .  In  t h i s  s t r a t e ~ r  t h e  cu r r en t  sc)ledu.2~s, ~ r h i c h  al~cadyv eunt;aiii 
t he se  c n n ~ i d e r s t i u r ~ s ,  were assumed t o  be maintained i n  1980; f requencies  were 
increased  only t o  prevent  load f a c t o r s  from exceedjne 70%. Thc rcsulL I s  an o v e r a l l  
I o a ~  f a c t o r  of 6 6 . ~ % ,  achieving about 2/3 of  t h e  savings of t h e  70f": l-lrlacl f3ctol- 
stra.t.cp2r. 

F i n a l l y ,  t h e  f i r s t  and t h i r d  energr reduct ion s t r a t e g i e s  were combined, with 
l a r g e  a i r c r a f t  replaced by smaller  a i r c r a f t  bu t  f requencies  remaining unchanged 
except where increases  a r e  n ~ e d e d  t o  hold load f a c t o r  a t  70%. The r e s u l t  i s  905 of 
t h e  savings of t h e  70% load  f a c t o r  s t r a t e g r ,  o r  about 5% of t h e  t o t a l  e n e r u . .  About 
314 of t h e  a i r  energy-intensi ty  reduct ion of over 13% i s  due t o  t h e  load f a c t o r  
increase ,  wi th  t h e  remainder r e s u l t i n g  from t h e  change t o  smaller  a i r c r a f t .  Note 
t h a t  t h e  l a s t  t h r e e  s t r a t e g i e s  discussed provide energy savings comparable t o  t h e  



air  f a r e  surcharge s t r a t e g i e s  with l i t t l e  c o s t  t o  t r a v e l e r s  b u t  with inconvenience 
of some' unquant if ied amount. 

S t r a t e g i e s  Involving Connecting o r  Access Por t ions  of a T r i p  

Three s t r a t e g i e s  involving mode s u b s t i t u t i o n  f o r  po r t ions  of a long-haul a i r  
t r i p  a r e  a s  fol lows:  I 

Bus replacement of short-hau1,connecting a i r  s e r v i c e  
Smal l -a i rc raf t  replacement of connecting air  se rv i ce  
Use of small  a i rp l anes  r a t h e r  t han  automobiles f o r  a i r p o r t  access  

Re la t ive  t o  t h e  l a s t  of t h e s e ,  although Fig .  1 5  i n d i c a t e s  t h a t  au to  i s  l e s s  energy- 
i n t ens ive  than  commuter a i r c r a f t ,  t h e  s t r a t e g y  involving t h i s  s h i f t  i s  concerned 
with long-distance a i r p o r t  access ,  a t r a v e l  s ec to r  f o r  which t r a v e l  groups a r e  
smal le r  than  f o r  i n t e r - c i t y  a u t o  t r i p s .  The r e s u l t i n g  au to  load  f a c t o r  of 30.6% 
i s  much lower than  t h e  45.6% used t o  c a l c u l a t e  t h e  au to  energy i n t e n s i t y  band i n  
F ig .  15. When t h e  lower load f a c t o r  i s  used, t h e  commuter and a u t o  bands overlap 
enough t o  make auto-to-air  s h i f t s  p o t e n t i a l l y  a t t r a c t i v e .  

In  t h e  bus-replacement s t r a t e g y ,  t h e  idea  i s  t o  s u b s t i t u t e  a f u e l - e f f i c i e n t  
mode (bus )  f o r  a more fke l - in tens ive  mode (short-haul  a i r )  on a s h o r t  l e g  of longer 

- a i r  t r i p s  which a r e  not present ly  flown d i r e c t  from o r i g i n  t o  des t ina t ion .  Since a 
modal change is  involved i n  t h e  proposed scheme, and s i n c e  bus-connecting t r i p s  a r e  
l i k e l y  t o  incur  s i g n i f i c a n t  time p e n a l t i e s  compared wi th  short-haul air  connections, 
t h e r e  a r e  impediments which must be taken i n t o  a c c o u n t . t o  determine t h e  p r a c t i c a l i t y  
of  t h i s  s t r a t egy .  These quest ions a r e  taken up l a t e r  i n  t h e  pol icy  ana lys i s .  The 
probable re luc tance  of passengers t o  accept  bus,  r a t h e r  than  a i r  connections, could 
we l l  cause a change i n  t r a v e l  path,  thereby reducing t h e  poss ib l e  b e n e f i t s  of t h i s  
s t ra tegy .  

To determine how much f u e l  might be saved by bus connections, an ana lys i s  has 
been made o f  those  r ep re sen ta t ive  c i ty -pa i r s  f o r  which bus replacement might be  
v iab le .  The study has been r e s t r i c t e d  t o  t h e  s h o r t e s t  d i s t ance  category (67-150 a i r  
mi les )  and t o  c i t y -pa i r s  i n  which one terminus i s  a major a i r p o r t  hub, These 
r e s t r i c t i o n s  l e a d  t o  considerat ion of  ca t egor i e s  represented by t h e  e i g h t  c i t y -pa i r s  
l i s t e d  i n  Table XXVII.* Also ind ica ted  i n  Table XXVII a r e  t h e  bus and air d i s t ances  
and app l i cab le  one-way f a r e s  and block times f o r  each mode. 

* To -ascer ta in  t h e  v a l i d i t y  of' t h i s  approach, t h e  c h a r a c t e r i s t i c 5  of a l l  20 short-  
d i s tance  ca t egor i e s  were examined t o  determine what f r a c t i o n  of  t h e  c i t y -pa i r s  
a r e  candidates  f o r  connections; i .e . , .  one t e r m i n u s . i s  an a i r  hub. It was found 
t h a t  of  t h e  597 c i ty -pa i r s  i n  t h e s e  ca t egor i e s ,  106 involve one hub, 5 involve 
two, hubs, and 486 involve no hubs. I n  t h e  e igh t  ca tegor ies  s e l ec t ed  here ,  74% 
of t h e  c i t y - p a i r s ' a r e  of t h e  one-hub type. Overal l ,  91% of t h e  c i ty -pa i r s  a r e  
properly represented i n  t h i s  r e spec t  by t h e  20 c i ty-pa i rs  represent ing  these  
ca tegor ies .  



'I'AI{I,F: X Y V  I1  

BUS REPLACEMENT SERVICE SUMMARY 

(1) Based on O?\C and Russel l ' s  C f f i c i a l  Motor C ~ a c h  Guide 
( 2 )  From CAB Table 12 of t h e  C-f Survey fo r  1973, anc 1973 Ssrvice  Segment Data 
( 3 )  Bus passenaer-miles exceed air  passenger-miles because of c i r c u i t y  
( 4 )  Includes t r a f f i c  i n  both d i rec t ions  
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As would be expected, t h e  t a b l e  shows t h a t  t h e  bus holds a l a r g e  advantage i n  
d i r e c t  f a r e  and t h e  a i r p l a n e  has a l a r g e  time advantage. However, it i s  not  equi t -  
ab l e  t o  compare d i r e c t  f a r e s  s ince  connecting a i r  t r i p s  involving d i f f e r e n t  c a r r i e r s  
( t h e  case under s tudy)  o f t e n  f e a t u r e  j o i n t  f a r e s  and t h r u  f a r e s  i n  which t h e  shor t -  
haul  segment i s  "subsidized" by t h e  longer  segment. For example, consider  t h e  j o i n t  
a i r  f a r e  f o r  connecting t r i p s  from Albany, N. Y. t o  var ious  des t ina t ions  with New 
York a s  t h e  connecting p o i n t ,  and compare , i t  with t h e  d i r e c t  f a r e  from New York t o  
each des t ina t ion .  The d i f f e r ence  i n  each case  i s  t h e  "perceived" f a r e  f o r  t h e  Albany- 
to-New York segment of t h e  t r i p .  Based on a r ecen t  i s s u e  of t h e  OAG, t h e  round-tr ip  
j e t  coach f a r e s  a r e ,  f o r  example: 

To : Baltimore Charleston De t ro i t  Los Angeies Memphis Miami 

From : 
Albany $96 $150 $152 $388 $188 $208 
New York - 64 140  122 388 184 . 202 - 
Difference $32' $ 10 $ 30 $ 0  $ 4  $ 6  

The perceived a i r  f a r e  f o r  t h e  Albany-to-New York segment i s  thus  a func t ion  of  
route .  However, i n  every case  it i s  s i g n i f i c a n t l y  lower than t h e  d i r e c t  f a r e  ($66) 

' 

and one case i t  i s  zeros. If a l l  pos s ib l e  connections through New York. a r e  con- 
s idered ,  an  average perceived air  f a r e  can be  ca l cu la t ed  f o r  t h e  Albany-to-New York 
segment. The ind iv idua l  cont r ibu t ions  should be  weighted t o  account f o r  t h e  f a c t  
t h a t  some des t ina t ions  a t t r a c t  more passengers than o the r s ,  and because connections 
through o the r  c i t i e s  a l s o  occur. These e f f e c t s  were determined by .obtaining t h e  
number of O-D a i r  passengers between Albany and each des t ina t ion  (CAB Table 121, 
and computing an '"equivalent , '  frequency.based on t h e  number of nonstop, one-stop, 
and connecting f l i g h t s  i n  each case. The equivalent  frequency was computed by t h e  
method of  Ref. 67.. R e s u l t s . f o r  each .of t h e  nine r ep re sen ta t ive  c i ty -pa i r s  a r e  
summarized i n  Table X X V I I .  

T t  i s  apparent t h a t  t h e  perceived connecting a i r  f a r e  i s  never more than t h e  
d i r e c t  bus f a r e ,  and i s  genera l ly  much l e s s .  Therefore,  it can be concluded t h a t  
t h e  bus replacement s e rv i ce  could not  save a i r  passengers money, and would r e s u l t  
i n  a f a r e  pena l ty  unless  bus connecting s e r v i c e  were subsidized t o  make up t h e  
d i f fe rence .  

An upper bound on p o t e n t i a l  f u e l  savings f o r  t h e  nine c i ty -pa i r  rou te s  l i s t e d  
i n  Table XXVIl can be det;er.ioined by c233uming that a.1.l connecting passengers on these  
routes  are.accommodated by t h e  bus replacement' s e rv i ce .  This assumption i s  extremely. 

*Due t o  p e c u l i a r i t i e s  i n  t h e  r a t e  s t r u c t u r e ,  t h e  perceived f a r e  can a c t u a l l y  be 
negat ive ! 



i d e a l i z e d ,  s i n c e  a complete changeover would neces sa r i l y  impact o the r  rou te s  and 
would be so d i s r u p t i v e  t o  t h e  present  a i r  system t h a t  t h e  c o s t s  of  a  complete replacc 
ment would probably f a r  outweigh t h e  f u e l  saving achieved. I f  a l l  t h e  short-haul 
rou te s  cons is ted  of s h u t t l e  f l i g h t s ,  t h e  impact on t h e  air  system might not be 
unduly d i s rup t ive .  However, a s  shown i n  Table XXVII t h e  percentage of d a i l y  f re -  
quencies f o r  which t h e  OAG-listed i t i n e r a r i e s  involve only t h e  two c i t i e s  which make 
up t h e  c i ty -pa i r  i s  s i g n i f i c a n t  f o r  only two of t h e  nine c i ty -pa i r s  ( ~ l b a n y - ~ e w  York 
and ~ansfield- levela and). Overal l ,  fewer than one-third of t h e  f l i g h t s  a r e  of t he  
s h u t t l e  ty-pe. 

Energy use  f o r  a i r  o r  bus was computed from t h e  demand da t a  given i n  Table XOJII. 
The number of connecting passengers on each rou te  was determined by sub t r ac t ing  t h e  
O-D demand  able 1 2  of t h e  CAB O-D Survey) from t h e  number of t o t a l  on-line passen- 
ge r s  i n  t h e  CAE( Se rv i ce  Segment Data. For a i r ,  t h e  e n e r m  i n t e n s i t y  on each route 
( B ~ U / A S M )  i s  a weighted average of t , h ~  i n t e n n i t i c o  of thr a i r c ra f t  I n  use according 
to t h e  frequency of each ty-pe. 

Energy savings a r e  ca l cu la t ed  on two bases: 1) t h e  " idea l"  saving which would 
be achieved i f  a l l  connecting passengers could be accommodated by bus, and 2 )  t h e  
saving on s h u t t l e  f l i g h t s  a lone.  Of t h e  two, t h e  l a t t e r  i s  by f a r  t h e  more r e a l -  
i s t i c .  I n  ex t r apo la t ing  energy savings f o r  each of t h e  nine r ep re sen ta t ive  c i ty-  
p a i r s  t o  e n t i r e  ca t egor i e s ,  t h e  r a t i o s  of category t o  c i t y -pa i r  passenger-miles 
were used as mul t ip ly ing  f a c t o r s .  Since these  passenger-mile f i g u r e s  include t r i p s  
by a l l  modes r a t h e r  t h a n . j u s t  by a i r ,  t h e  r e s u l t s  a r e  probably somewhat high. 
Nevertheless ,  t h e  r e s u l t s  a s  ind ica ted  i n  t h e  l a s t  columns of  Table XXVII show t h a t  
a  maxirn~lm of 19,522 x l o 9  Btu/yr  can be saved by rep lac ing  air-connect ing serv ices  
with buses,  and t h a t  a  more r e a l i s ' t i c  f i g u r e  i s  2736 x l o 9  Btu/yr. 

'A s t r a t e g y  f o r  reducing f u e l  use on shor t -haul  connectfag air rou te s  i s  t o  
r e p l a c e  e x i s t i n g  a i r p l a n e s  by smal le r ,  more f u e l - e f f i c i e n t  a i r c r a f t .  I n  gene ra l ,  
t h i s  s t r a t e g y  impl ies  not only a reduct ion  i n  s i z e ,  but a l s o  t h e  use of propel le r -  
d r iven  a i r p l a n e s  t o  r ep l ace  j e t s .  I n  some cases ,  l a r g e  propel ler-dr iven a i r p l a n e s  
( ~ o n v a i r  CV-580, t h e  Japanese NAMC YS-11) a r e  rep laced  by smaller  ones. 

The ana lys i s  of t h i s  strategy iii.ffern i n  oome irnpol,LanL ways i'rom t h e  bus- 
replacement s t r a t e g y  discussed above. F i r s t ,  it i s  assumed t h a t  a i r p l a n e  replace- 
ments apply t o  e n t i r e  f l ight .  i t inerar icz!  rathey Lhan j u s t  t h e  connecting rou te  
i t s e l f .  Hence, t h e  p o s s i b i l i  ti. cs f o r  fuel  sn.viilg w'e  cnlargeil, a1 though t h e  magni- 
tudes of f u e l  savings a r e  neces sa r i l y  l e s s  because buses a r e  un ive r sa l ly  l e s s  fuel-  
i n t e n s i v e , t h a n  a i r p l a n e s  f o r  s h o r t  t r i p s .  A l i m i t a t i o n  of 300 miles  was placed on 
t h e  s tage-length f o r  which such replacements could be made. Therefore,  only those 
i t i n e r a r i e s  f o r  which t h e  longes t  s t a g e  was under 300 miles  were accepted as 
r ep laceab le  i t i n e r a r i e s .  I t  was a l s o  assumed t h a t  only in-production a i rp l anes  



rould be a v a i l a b l e  a s  replacements,  which limi$ed t h e  candidate  a i rp l anes  t o  t h r e e  
ulodels: Beech 99 CB-99), Shorts  SD3-30, and.deHavilland DHC-71. These a i r p l a n e s  
have sea t ipg  c a p a c i t i e s  of 15 ,  30, and 48 s e a t s ,  r e spec t ive ly .  

Passenger impacts a r e  r e s t r i c t e d  t o  two cons idera t ions  : 1) poss ib l e  lowering of 
passenger appeal and comfort f a c t o r s ,  and 2)  increases  i n  f l i g h t  f requencies .  
These condit ions a r e  a t  l e a s t  p a r t i a l l y  o f f s e t t i n g ,  bu t  i t . i s  expected t h a t  passenger 
acceptance might no t  be en thus i a s t i c .  

Under t h e  assumptions above, Yeplacements were found t o  o f f e r  po ten t i a l .  fuel; 
savings i n  eleven c i ty -pa i r  ca t egor i e s ,  a s  represented by t h e  c i ty -pa i r s  i n  Table 
XXVIII. The average d i s t ance  of t hese  r o u t e s  i s  seen t o  be about 150 m i .  Also, 
t h e  f r a c t i o n  of f l i g h t s  which can be replaced i s  l a r g e  because o the r  than s h u t t l e  
f l i g h t s  can be considered a s  v i a b l e  candidates  f o r  replacement. The types of a i r -  
c r a f t  p re sen t ly  i n  use on each r o u t e  a r e  shown i n  Table XXVIII, along with t h e  
percentage of f l i g h t s  when more than one type is  present ly  i n  use. Except f o r  t h e  
Tulsa-Dallas rou te ,  only two- and three-engine a i rp l anes  comprise t h e  rep laceable  
group. These inc lude  two propel ler-dr iven models (CV-580 and YS-11) and seve ra l  j e t  
types ( BAC-111, B-737, DC-9, and B-727). 

In  considering t h e  replacement of l a r g e  a i r c r a f t  by small ones,  t h e  quest ion 
of frequency has two consequences. F i r s t ,  increased frequency has a favorable  passen- 
ger  impact i n  t h e  sense of reducing t h e  time penal ty  a r i s i n g  from discrepancies  
between des i red  and achievable depar ture  and a r r i v a l  t imes; and second, it increases  
required runway opera t ion  r a t e s  a t  hub a i r p o r t s  and con t r ibu te s  t o  congestion delays 
w h i c h c r e a t e p e n a l t i e s  i n  t r i p  time. The l a t t e r  consequence has t h e  e f f e c t  of 
increas ing  f u e l  use ,  thereby reducing t h e  pos tu la ted  saving from a i r c r a f t  replace- 
ments; consequently,  l a r g e  increases  i n  frequency, which could accompany t h e  use of 
very small  a i r c r a f t  t o  r ep l ace  very l a r g e  ones,  should be avoided i f  it r e s u l t s  i n  
an inc rease  i n  a i r p o r t  congestion and f u e l  use. Accordingly, it can be seen i n  
Table XXVIII t h a t  t h e  smal les t  a i r p l a n e ,  t h e  B-99, was not considered a s  a replace-  
ment candidate  on rou te s  with high e x i s t i n g  frequencies  such a s  Milwaukee-Chicago 
and  Tulsa-Dallas . 

The approach taken i n  analyzfng t h e  a i r p l a n e  replacement s t r a t e g y  has been a s  
fol lows : 

The i t i n e r a r i e s  of a l l  f l i g h t s  on t h e  eleven r ep resen ta t ive  c i ty -pa i r  rou te s  
i n  Table XXVl'II were taken from t h e  OAG. 

Replacement i t i r l e r a r i e s  were i d e n t i f i e d  and f u e l  consumed by present ly  
opera t ing  a i r c r a f t  was estimated. 
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(1) ?.ey;laceable f l i g h t s  a r e  t h o s e  f o r  which  t h e  c n t i r c  i l l r ! e r U y  c o ~ s i s t s  of  s t a g e s  x i e r  
3'J"::l. 

( 2  >LC a t b r e v i a t i o n s  are  ~ s e d  h r r e :  

DC9 -- nc-g-io.15 
UYS -- DC-9-30 
727 -- B-727-1.00 , Also t 
727s -- B-727-200 n599 -- Beech 99 
B l i '  -- BAC-111 sD3-30 -- Short SD~-30  
737 -- B-737 DHC-7 l- deHavi.lland DHC-7 
CV5 -- CV-580 
Y 1 1  -- YS-11 
707 -- D-707 

( 3 )  a i m l a n e s  cons ide red  o n l y  where b e n e f i c i a l  ; i . e .  , f o r  Milwaukee-Chicago p r e s e n t  f r e p ~ e a c y  
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A t  s t h e r  a i r p e r t i .  a i l  r e p l a c e i e n t  a i r c r a f t  can be c o n s i d e r e d ,  depending on i n c r e a s e  i n  f requency p e m i t t e d .  
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.Each of t h e  ' th ree  replacement a i rp l anes  was appl ied  t o  t h e s e  i t i n e r a r i e s  
and f u e l  consumption was est imated f o r  each rou te  f o r  each a i rp l ane .  I n  
t h i s  s t e p ,  replacements were considered parainetr ical ly  according t o  the'  
number of f l i g h t s  per  day requi red  with each a i rp l ane .  

The savings i n  f u e l  by each a i rp l ane  were compared and t h e  maximum saving 
was sought by s e l e c t i n g  t h e  proper replacement on each rou te ,  a t  each 
frequency. 

The saving i n  f u e l  on each rou te  w a s  ex t rapola ted  t o  encompass a l l  t h e  
c i t y -pa i r s  i n  t h e  category. 

Fuel savings f o r  a l l  eleven ca t egor i e s  were summed. 

The r e s u l t s  of t h i s  process a r e  summarized i n  Fig. 16  where f u e l  saved i s  p l o t t e d  
aga ins t  maximum allowabie frequency, and i n  Tables XXIX and XXX which l i s t  f u e l  
savings f o r  both t h e  d i s c r e t e  c i t y -pa i r s  and t h e  ca tegor ies  they represent .  If 
no increase  i n  fre,quency i s  permit ted over present  l e v e l s ,  no replacements c a n . b e  
made and no f u e l  saved. I f  l a r g e  frequency increases  a r e  allgwed, increas ing  use 
of t he  smal les t  a i rp l anes  with t h e  g r e a t e s t  f u e l  saving i s  poss ib le .  Impl ic i t .  i n  
these  r e s u l t s  then ,  i s  a t r end  toward B-99 replacements a t  t h e  high-frequency end, 
and toward DHC-7 replacements a t  t h e  low end. Table XXX and t h e  upper curve i n  
Fig. 1 6  show how much f u e l  i s  saved by rep lac ing  e n t i r e  i t i n e r a r i e s ,  a s  described. 
The f r a c t i o n , o f  t h a t  f u e l  saved on t h e  connecting routes  i s  ind ica t ed  by Table XXIX 
and t h e  lower curve i n  Fig. 16. 

It i s  s i g n i f i c a n t  t h a t  t h e  curves r i s e  s t eep ly  f o r  nominal frequency increases  
and then l e v e l  o f f .  The implicat ion i s  t h a t  t h e r e  i s  some hope of achieving appre- 
c i a b l e  savings without adding so many add i t i ona l  f l i g h t s  a s  t o  incur  unacceptable 
congestion pena l t i e s .  The magnitude of  t h e  congestion penal ty  was est imated a s  
follows : 

. The t o t a l  number of add i t i ona l  d a i l y  f l i g h t s  i n  t h e  e n t i r e  U.S. domestic 
system was determined f o r  t h e  range of frequency l e v e l s  i n  Fig. 16  by 
aggregat ing over a l l  eleven ca t egor i e s  represellled. 

. These frequencies  were , d i s t r i bu ted  over a l l  major hubs, weighting t h e  
e f f e c t  i n  each case  by t h e  f r a c t i o n  of enplanements which a r e  connecting 
(e .g. ,  more f l i g h t s  a r e  added t o  Chicago than t o  New ~ o r k ) .  

Using a delay co r r e l a t ion  develuped a t  UTRC, the add i t i ona l  minutes of delay 
per f l i g h t  were estimated a t  each hub. 



FIG. 16 

FUEL SAVED BY AIRCRAFT REPLACEMENTS ON CONNECTING ROUTES 
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Wb;L SAVED BY AIRCRAFT REPIACFMENTS 

Connect,ine Route Only 

103 Cal/Yr 

I; 
0 

Maximum Frequency: 

City-Pair 

Albany - New York 

Albany - Phi lde lphia  

Bakersf ield - L. A. 

H u t s v i l l e  - Atlanta  

Kalamazoo - Detro i t  

Milwaukee - Chicago 

Nsshvil le  - St .  Louis 

Oshkosh - Chicago 

Richmond - Wash., D.C. 

Spfld. ,  Ill .  - Chicago 

Tulsa - Dallas 

T0TP.L 

I 

Discre te  
C i t y - P ~ i r  

24 5 

1090 

77 5 

1025 

285 

600 

220 

465 

35 

1,745 

1,645 

8,130 

30 

Category 

835 

56,000 

775 

25,070 

. 2 , 2 2 0  

3,125 

14,665 

4,065 

1,030 

8,935 

36,520 

153,240 
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Discrete 
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0 

190 

35 

0 

0 

19 5 

0 

0 

85 
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Discrete 
City-Pair 

130 

905 

775 

780 

195 

0 

220 

245 

3 5 

1,360 

Oin 

5,1r55 

Discrete 
City-Pair 

9 0 

7 50 

725 

780 

170 

0 

220 

21 0 

20 

890 

0 

3,t355 
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0 

0 

190 

- 856 

0 

0 

13,000 

0 

0 

435 

0 

20 
Discrete 
City-Pair 

210 

905 

77 5 

780 

27 5 

0 

220 

370 

35 

1,360 

1,435 

6,365 

15  

Catecory 

443 

116,500 

775 

19, oRo 

1,520 

0 

14,665 

2,140 

1,630 

6,965 

17,980 

, 

10 

Category 

307 

38,535 

725 

19,080 

1,325 

0 

14,665 

1,835 

590 

14,555 

0 

81,615 

Category 

716 

46,500 

775 

19,000 

2,140 

0 

14,665 

3,235 

1,030 

6,965 

31,860 

1:'6.965 50 5 111 , L O O  



Total  Itineraries 

103 G R ~ / Y ~  

r 

m 

Frequency 

City-Pair 

Albany - New York 
Albany - Philadelphia 
Bakersfield - L. A. 

Huntsville - Atlanta 
m~alamazoo - Detroit 
Milwaukee - Chicago 
Nashville - St. Louis 

3shkosh - Chicago 
Richmond - Wash., D.C. 

Spfld., Ill. - Chicago 
Tulsa - Dallas 

TOTAL 

C, 

City-Pair 

0 

C~tegory 

0 

.10 

3 

260 

5'3 

. C 

0 

3 70 

0 

0 

1bO 

0 

820 

City-Pair 

8 5 

C~teeory 

300 

C i t y - h i r  

155 

1.5 

Categcry 

5 70 

1,030 

1,3[0 

-. 1 , 8m 

575 

0 

836 

9718 

190 

2,130 

1,430 

10,500 
1 

0 '  

260 

52,870 

1,380 

44,030 

h,11,90 

0 

55,730 

.9,515 

5,530 

10,900 

31,7145 

215,710 

City-Pair 

2b 0 

20 

Catecory 

81 5 

3,055 

1,380 

1,800 

810 

0 

835 

1 , ~ 6 0  

190 

2,1.30 

2,530 

12J30 

. 

893 

1,290 

5b.260 

1,380 

14,030 

6,310 

0 

55,730 

19,130 

5,530 

10,900' 

56,145 

2115,730 

30 

City-Pair 

280 

1,315 

1,380 

2,050 

830 

1,945 

835 

1,245 

190 

~ , R I I o  

2,830 

15,740 

45,fl80 

1,200 

- 
Category 

950 . 
~ - 

67,515 

1,380 

50,145 

6,465 

10,130 

55,730 

10,880 

5,530 

14,51!5 

62,800 

286,070 

38,1.60 

3,270 

0 

46,000 

7,105 

3,765 

8,170 

0 

1:3,?h0 

1 , 2 2 3 ,  1,560 
1 

0 

0 

21r ,665 

0 

0 

717 

0 

26,865 

4 20 
1 

0 

690 

81 3 

120 

1,596 

0 

7,.475 



An average va lue  f o r  f u e l  consumption i n  t e r i~ i ina l  opera t ions  was developed 
(1930 g a l / h r )  by ca l cu la t ing  a weighted average f o r  a i r p l a n e s  p re sen t ly  
i n  t h e  f l e e t .  

. This f u e l  consumption value was appl ied  t o  t h e  sum of a l l  add i t i ona l  delay 
hours over t h e  system. 

Since t h e  congestion f u e l  pena l ty  r i s e s  with increas ing  frequency, a ca l cu la t ion  
of n e t  f u e l  savings reaches a peak, a s  shown i n  Fig. '17. This curve i s  derived by 
subt rac t ing  t h e  congestion-caused .fuel increase  i n  Table XXXI from t h e  maximum f u e l  
s a v i n g g i v e n  i n  Table X X X  a t  t h e  corresponding f l i g h t  frequency. Since t h e  curve 
was found t o  peak a t  a frequency between 10 and 1 5  f l i g h t s  pe r  day, t h e  l a r g e r  $aily 
frequencies  were not  l i s t e d  i n  Table XXXI. The maximum ne t  saving of 120 x 10 g a l / y r  
(15.1 x 1012 Btu/yr)  occurs a t  an al lowable frequency of between 10 and 1 5  one-way 
f l i g h t s  per  day; The magnitude of  t h i s  saving i s  respec tab le  (1.5% of domestic a i r -  
l i n e s  f u e l  use)  and, by con t r a s t  wi th  t h e  bus replacement s t r a t e g y ,  it i s  opera- 
t i o n a l l y  f e a s i b l e .  That is ,  only equipment changes a r e  requi red  t o  achieve t h e  
saving. It i s  not  c l e a r  t h a t  la rge-sca le  a i r c r a f t  replacements could be e f fec ted  
quickly enough t o  make t h i s  s t r a t e g y  qua l i fy  a s  .a contingency plan. However, t h e  
s t r a t e g y  dbes appear t o  be  of s u f f i c i e n t  i n t e r e s t  t o  warrant cons idera t ion  of a 
pol icy  implementation ana lys is .  

The h i s t o r y  of t h e  cummuter a i r l i n e  indus t ry  shows t h a t  t r a v e l  p a t t e r n s  of a i r  
passengers can be a f f e c t e d  by t h e  a v a i l a b i l i t y  of  a i r  s e rv i ce  l i n k i n g  s m a l l  comuni-  
t i e s  with l a r g e  a i r p o r t s  from which a wide range of des t ina t ions  can be  reached. 
Typical ly ,  i n  t h e  absence of air commuter s e rv i ce ,  t h e  access  t r i p s  t o  neighboring 
hubs a r e  made by p r i v a t e  automobile. The in t roduct ion  of commuter f l i g h t s  a l t e r s  
t h i s  access  p a t t e r n  by e f f e c t i n g  a s h i f t  frbm auto  t o  small  a i r c r a f t ,  with a conse- 
quent change i n  f u e l  use. Therefore t h i s  e f f e c t  can be considered a.s a poss ib l e  
s t r a t e g y  t o  achieve f u e l  savings. This s t r a t e g y  i s  d i f f e r e n t  from t h e  one i n  which 
small  a i r c r a f t  were used t o  r ep l ace  l a r g e  a i r c r a f t  on connecting rou te s  because i n  
t h i s  ca se  no ailz s e r v i c e  p re sen t ly  e x i s t s .  The s t r a t e g i e s  a r e  a l i k e  i n  t h a t  they 
both involve a i r  t r a v e l e r s  t o  a l l  de s t ina t ions ,  and not J u s t  '0-D t r i p s  on t h e  short-  
haul  segment over which t h e  se rv i ce  i s  pos tu la ted .  

The c i t i e s  t o  be considered i n  t h i s  s t r a t e g y  a r e  those  p re sen t ly  without a i r  
access  t o  a nearby hub from which good a ir  connections can be  made. The c i t i e s  may 

, be  loca t ed  wi th in  an SMSA, i n  which case  they  have been included i n  t h e  c i ty -pa i r  
ca tegor ies  without a i r  se rv i ce ,  o r  they may be  ou t s ide  SMSAs, i n  which case they 
have beer, neglected i n  the  formation of  t h e  ca tegor ies .  C i t i e s  w i t h i n  SMSAs a r e  
genera l ly  i n  r a t h e r  c lo se  proximity t o  an a i r  hub, making access by a i r p l a n e  a l e s s  
l i k e l y  p o s s i b i l i t y  than i f  a long access  t r i p  were r equ i r ed . .  
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TABLE XXXI 

EFFECT OF DELAYS ON FIJEL USE AT HUBS 

Major 
Hub 

. City 

New York 

Philadelphia 

wash. D. C. 

Los Angeles 

Chicago ' . 

Atlanta  

Detrc.i t 

S t .  Louis 

Dallas 

* 

1980 
- Annual 

Operations 
( l o 3  

277 

181 
. - 

271 

633 

64 3 

360 

221 

177 

-.. 247 

% Increase i n  Operations 
Ipcrea e i n  ~ u e i  Used, 8 10 ~ a l / Y r  

Freq. = 7 

3.6 

11.0 
. -. . , 
12.9 

3.8 

9.3 

22.8 

13.6. . 

28.2 

25 1 
, 

1 5  

7.3 

1 . 4  

14.4 

21.6 

61.4 

6.0 

0.8 

12.0 

0.11 

125.3 

7 . - - 

1.2 

0.1 

0.6 

3.3 

4.8 

0.1 

0 

0.1 

0 

10.2 TOTAL 

15  
.- . - . 

14.4 

1 0  ' 

.8.7 

10 

3.5 . 

0.4 

4.0 

10.4 

21.1 

1.1 

0.2 

1.8 

0.1 

42.6 

l3 

12.1 

13. 

5.2 

0.7 

9.6 

15.9 

41.4 

3.2 

0.5 

5.7 

0.2 

82.4 

27.6 

32.8 

9.5 

23.2 

56.9 

33.5 

~ " 7 . 6  

62.3 

38.2 45.3 

39.0 i 53.5 
13.1 

31.9 

i5 .5  

37.8- 

78.6 I pi::. 46.5 

97.4 

96.2 

115.3 

102.0 



A determination of the nymber of airport- access trips which may be affected 
for a given city can be determined by considering the total number of air trips to 
all destinations, and then estimating the potential penetration of commuter-type 
air service in the access/egress segment of these trips. (1t is assumed that all 
access is presently by private automobile. ) Although tr* data for small cities is 
rather scant, the National Travel Survey (NTS) provides a fairly 'good data base for 
determining the propensity for air travel by city size. Considering annual air 
trips to all destinations on a'per-capita basis, '~ig. 18 shows the effect of city 
size on air travel. The four categories of population are: 0 - 200,000; 200,000 - 
500,000; .500,000.- 1,000,000; and over 1,000,000. The plotted points are the 
weighted averages in each category and the asymptote is for the largest size cate- 

gory. Although the average value for all cities is 0.66. round trips/person/year, 
the value at the ].over end of the population range is only about 213 of this figure. 
For the cities of interest in this strategy, R value of 0.l1.25 round trips/pe'suri/ 
year was used. 

The penetration of commuter air service in short-hmll rnnskets can beot bc . 
estimated by considering existing service from small cities to hubs. Tabulated, 
CAB data for enplaned passengers in commuter markets are a.starting point. The'se 
data must be corrected to remove O-D passengers (11sii~.1.1.~ a smsLl percenBage, hs 
indicated in the commuter airline survey performed in this study) and then divided 
by the estimated total air travel to all destinatioris from Fig. 18 to obtain the 
air share of access trips to the neighboring hub. Nine appropriate.commuter markets 
were analyzed in this way and the results are presented in Fig. 19. Although there 
is considerable spread in these data, the trend with distance is evident. This cor- 
relation can be used in combination with Fig. 18 to determine the total number of 
air passenger trips shifted from auto to airplane access. 

From the 'NTS, the typical air party size is 1.,5; this will be the numbei- of 
passenger-trips/vehicle trip used in calculating auto fuel usage. Since long dist.~.nce 
access trips wlll consist mostly of highway driving, an auto energy efficiency of 
18 mi/gal and a circuity of 20% were assumed. Airplane fuel consumption was based 
on use of the Beech 99 with a 60% load factor; i.e., nine passengers/vehicle. 'The 
resulting comparison of auto vs airplane energy use is shown in Fj.g. 20 in terms 
of annual per-capita ener9r'eqenrliture vc distance Pr~wl Lhe origin city to the 
connecting hub. Given the population of the city for which air service is proposed 
and the dis.l;ance to the hearest hub, Fig. 20 can be used to determine whether or not 
energy will be saved and what the magnitude of the saving (or loss) will be, 

As indicated, only for access trips greater than about 110 miles can air service 
be justified on an energy basis. However, most trips are likely to be shorter than 
this. .For example, 22 cities without air service' were. identified within SMSAs, 
but none of these was more than 70 miles from a connecting hub, and the average 
distance was only 33 miles. An additional 22 cities outside SMSAs, but with popu- 
lations greater than 25,000, were also identified. On the average, these cities 
were 92 miles from the nearest hub, and only five of the 22 were distant enough 
for a hypothetical air service to save energy by attracting auto trips. 



EFFECT OF CITY SIZE ON PER CAPITA AIR TRIPS 

SOURCE: NATIONAL TRAVEL SURVEY - 1972 
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PENETRATION OF AIR COMMUTER INTO ACCESS MARKET 
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Summary of Energy-Saving Resul t s  f o r  Indiv idua l  S t r a t e g i e s  

The energy savings ca l cu la t ed  f o r  s t r a t e g i e s  imposed ind iv idua l ly  a r e  summarized 
i n  Table XXXII.  These, r e s u l t s  se rve  only a s  a  p re l in ina ry  screening ,  s i n c e  they 
involve only t o t a l  energy savings and do not  r evea l  savings achieved through modal 
s h i f t ,  per  s e .  However, t h e  r e s u l t s  a r e  given i n  terms of demand-normalized 
savings a s  wel l  a s  absolu te  savings,  so t h a t  t h e  e f f e c t s  of demand suppression,  where 
it occurs ,  can be f ac to red  i n t o  the  s e l e c t i o n  of  s t r a t e g i e s  f o r  f u r t h e r  a n a l y s i s .  

These r e s u l t s  were used, as descr ibed  below, t o  formulate  combinations of 
i nd iv idua l  s t r a t e g i e s .  However,'in formulating t h e  combinztion s t r a t e g i e s ,  po l icy  
imp l i ca t ions  and implementation problem0 were a l s ~  considered using information given 
i n  Table X X X I I I  w?~ich i s  discussed i n  d e t a i l  i n  Appendix 111. I n  cons idera t ion  of 
both energy savings and implementation problems, a s  discussed below, i nd iv idua l  
s t r a t e g i e s  were s e l e c t e d  f o r  f u r t h e r  s tudy.  These s t r a t e g i e s  a r e  i nd ica t ed  i n  t h e  
l a s t  column of Table XXXIT. 

Stra tegy  Se lec t ion  

The f i r s t  s t e p  i n  formulat ing combination s t r a t e g i e s  was t o  e l imina te  those  
measures which have e i t h e r  poor p o t e n t i a l  f o r  e f f e c t i n g  an energy saving through 

modal s h i f t  o r  which would be d i f f i c u l t  t o  implement. The energy-saving p o t e n t i a l  
i n  Table X X X I I  shows both a c t u a l  and demand-normalized savings f o r  t h e  ind iv idua l  
s t r a t e g i e s ,  and implementation problems a r e  summarized i n  Table X X X I I I .  Demand- 

normalized energy savings a r e  i d e n t i f i e d  s i n c e  demand suppression i s  genera l ly  a  
l a r g e r  con t r ibu to r  t o  energy savings than modal s h i f t  e f f e c t s , p e r  s e .  Another 

e f f e c t  which con t r ibu te s  t o  t h e  ind ica t ed  t o t a l  energy savings i s  change i n  
mode e f f i c i e n c y .  This e f f e c t  i 3  a l s o  quallLif:led In  t h e  ana lys i s  t o  provide a  
b a s i s  f o r  i s o l a t i n g  t,hp a r t l ~ a l  caving3 ~esulLi11g f YUIR moaal sh l f ' t s  . 

An obvious conclusion from Table X X X I I  i s  t h a t  t h e  r a i l  measures compare very 
poorly i n  e i t h e r  a c t u a l  o r  normalized savings.  R a i l  e f f e c t s ,  as noted e a r l i e r ,  a r e  

l a r g e l y  confined t o  t h e  Northeast c ~ r r l d n r  and t h e  r a i l  made i s  a l ready  heavi ly sub- 
s i d i z e d  by t h e  Federal  Government. Therefore t h e  r a i l  measii.res, which c a l l  f o r  even 
more subs id j  za t ion ,  can be dropped from .considerat ion i n  t h e  f i n a l  s t r a t e g i e s .  The 
au to- f ree  CBD proposal  i s  a l s o  not very productive i n  saving energy compared t o  the  
o the r  au to  measures and can t h e r e f o r e  s a f e l y  be e l i m i ~ a t e d .  

Implementation Considerations 

A prel iminary study of t h e  f e a s i b i l i t y  of implementing t h e  energy-saving 
measures was made t o  f u r t h e r  r e f i n e  t h e  1 i st. of candidates .  I L  was decided t h a t  
i n d i r e c t  subs id i e s  such a s  t h e  $5 d e s t i n a t i o n  t ranspor ta t ion  discount and t h e  50 per- 
cen t  discount  on meal and lodging cos t s  a r e  not l i k e l y  t o  be adopted. The major 
bus ope ra to r s  have o f f e r e d  au to  r e n t a l  discounts  i n  t h e  p a s t  without much success ,  
and meal/lodging d iscounts  of 1 0  t o  1 5  percent  a r e  present ly  a v a i l a b l e ;  l a r g e r  d i s -  
c o ~ m t s  would not  be looked on favorably by t h e  bus and h o t e l  i n d u s t r i e s  and a r e  
t h e r e f o r e  un l ike ly  i n  regular-route  s e rv i ce .  



TABLE XXXII 

SUMMARY OF ENERGY SAVINGS FOR INDIVIDUAL STRATEGIES 



W r A Z Y  OF lX?LEEhTAXOI: CONSIDERATIONS 

Feas ib i l i t y  Evaluation 

*Unlikely under normal 
conditions 

*Possible  during a 
c r i s i s  s i t ua t ion  

*Unlikely under n o d  
conditions 

a P u s s i t l e  during a 
c r i s i s  s i t ua t ion  

.Unlikely under normal 
conhitions 

*Possible  during c r i s i s  
s i t u a t i o n  

, I ln l i t s l l .  =Par ilcraal 
o a e d l t i o ~ s  

' Ualiheb duriflg C r i s i s  
S i tua t ion  

*U+ikely under normal 
conditions . 

*Unlikely during c r i s i s  
s i t ua t ion  

eUnllkely under n o d  
conditions 

*Un,likcly d u r * ~  CrLPls 
s i tua t ion  

r 

Strategy 
Policy Optior. 

Surcharge on Short-Haui 
A3r Fares 

--Deciining 

--Fixet 
! 
I 
i 

i 
I 
I 
i 

1 -  i; nerace Auro Speed t o  5: uph 

Legis la t ive .  P o l i t i c a l  
and Regulatcry 

Deregulation current ly  dom- 
ina t e s  l e g i s l a t i v e  considera- 
t i o n  of t he  a i r l i n e  industry 

--Oppositior. from those  
seeking lower f a re s  

--Danger of penalizing a i r  
t r a v e l  during period of 
indust ry  f inanc ia l  r e  
s t ruc tu r ing  

Di f f i cu l ty  c f  penalizing one 
mode t o  t h e  advantage of 
o thers  

- - I d e ~ t i f i c a t i o n  in  current  
law of promotion of air 
t r a v e l  a s  goal of av i a t ion  
pol i cy  

Operational and 
Econoeic 

*Suppression of demand 
may fu r the r  weaken t h e  
industry 

- -Poss ibi l i ty  of rebate  t o  
c a r r i e r s  t o  prevent finan- 
c i a l  de t e r io ra t ion  

a Declining surcharge i s  
preferable  t o  fixed 

--Greater energy savings 

-Lover cost  

. - - E l i d n a t t  U u c o n r i n u t y  

*Enforcement problems may 
s ign i f i can t ly  undermine t h e  
s t r a t e s y ' s  impact 

.Increased sa fe ty  w y ie ld  
-. SQEC GUPPnrt, - 

--Feierei i eg i s l a t i on  

Ir.c~e&se Ef i i r iorr ) ;  'of lbl. 

Major opposition w i l l  come 
fro= t h e  t ruckin6 industry 

s DIfYiculty i n  imposing a 
l k i t a t i o r ,  or. mo t i l i t y  ---- - , . . . .. - . . . . 

Travel - (70: ha :  Factor: 

- - f ~ e l  ;Llocatilr. 

--l,la;ntain current Sched- 
U e s  

. 

--Replace large  aircra?t 
with smell a i r c r a f t  and 
maintain curer,: sched- 
d i n e  

--Replace l a rge  a i r c ra f ' t  
w l t l !  S W l e r  a i r c r a f t  

Requires strong f ede ra l  
ac t i sn  

*Capacity agreement6 &re i1.3e- 
gal  

.CA? does uot have author i ty  
l o  i : ~ r ~ a l :  r.t-1. o # v + i ~ c  PI equency 

*Same as  above 

, . : .  
E L  

a Disruption of complex 
a i r l i n e  scheduling , 

*LOSS of passenger 
convenience 

Reduction i n  a i r l i n e  
employment 

Probable increase  i n  
breakeven load f ac to r  

Capocity rcstrulnl.  Pcsul tg  
1,) w ~ e  ~han Proportinnnl 
l o s s  of market ohsre 

a Scheduling i 6  t he  primary 
pcrogative of a i r l i n e  
management 

Same ac above 

*Mey not d isplace  l a rge  a i r -  
c r a f t  due t o  scheduling and 
posi t ioning requirements 

*Lsrge-scale replacement nnt 
pbooiblc 1" s h o n - t t b  



T ~ L E  WII (cdnt l d )  

SUMMARY OF IMPiPIEI\'TATION CONSIDEPATIONS 

Strategy 
Poiicy Option 
. . -. -. . - . . 

Increase Autc Operating 
Costs by 50 percent 

--Increase gasoline t a x  
t.51, per gal loc  

F e a s i t i i i t y  Evaluation 

*Unlikely under normal 
conditions 

*Possible during c r i s i s  
s i t ua t ion  

Implementation 

Legis la t ive ,  P o l i t i c a l  
and Regulatory 

*%rang pro-automobile lobby 
would oppose such a d ra s t i c  
increase  

*Ciff icul ty  i n  imposing l imi-  
t a t i o n  on mobility 

*Unlikely under norma: 
conditions 

*L'r.likely during c r i s i s  
s i t ua t ion  

*Unlikely under normal 
conditions 

*L'niikely d u r i q  c r i s i s  
s i t u a t i ? n  

Ur-likely under normel 
conditions 

*Unlikely during c r i s i s  
s i t u a t i ~ n  

Likely over t h e  st:rt 
t e r n ,  but emergence of 
r a t i ona l i zed  route  sys- 
t e n  i s  a long term 
e f f e c t  

~ A i k e l y  under normal 
conditions 

*Unlikely during c r i s i s  
s i t ua t ion  

* ~ p l i k e l y  under no- 
conditions 

'Unlikely during cr is is  
s i t ua t ion  

Considerations 

Operational and 
Econoudc 

*Because of i t s  regress ive  
character ,  lover  income 
groups vould be more 
severely a f f ec t ed  

*Industry and regional  depen- 
dence on auto  

In f l a t ion  and changing p r i ce  
e l a s t i c i t i e s  vill decrease 
t h e  impacr of a f i a t  tax  
over time 

*Costs of co l l ec t ion  A l l  s ip-  
n l f i can t ly  reduce and may 
even eliminate any revenue 

aRequirements fo r  a i r c r a f t  
positioning . 

&nand peaking along a 
route  

Avai labi l i ty ,  of 6maller 
a i r c r a f t  

P i l o t  pay sca l e  biased 
tovard l a rge r  planes 

*Abi l i ty  of a i r l i n e s  t o  
a t t r a c t  c a p i t a l  fo r  equip- 
ment purchases 

Financial v i a t i l i t y  of 
indust ry:  shor t  versus 
long term 

Fai lure  of ~oIDnuter d r -  
l i n e s  t o  provide service  
ind ica t e s  t h a t  it i s  un- 
ec onoml c 

h a v e 1  time penalty fo r  pas- 
sengers v i t h  no com~ensat lng 
f a r e  inducement 

I n i t i a t i o n  o r  nev bus se rv i ce  
i s  riaby and erpensive 

m y  advantageous fo r  air- 
l i n e s  on routes  operating 
unprofitably 

from a l l  l eve l s  of govern- 

Reglace eyiipmer.t used On 
connecting f i i gh t s  v i t k  
smail a i r c r a f t  

--Ymdatcry adoption 

--voliu.rary adoptioc . 

->eregillat ion 

, 

Replace Autonobile Use , 

vitt:  small a i r c r a f t  fo r  
accessing Hub a i rpo r t s  

Kepiace connecting f l i g h t s  
v i t h  bun service  

ment a s  v e l l  a s  p r iva t e  

*Komentuu tovard l e s s  regu- 
l a t i o n  i n  t h e  a i r l i n e  indus- 
tr). , ' 

Grov iq  support i n  Convess  

--Lover f a r e s  

--More e f f i c i e n t  industry 

--Better matching of e q u i p  
ment t o  markets 

*Reluctance t o  fo s t e r  depen- 
dence on uneconodc a i r  
t r a v e l  

Under t h e  Administration's 
b i l l ,  a i r l i n e  deregulation 
may provide impetus t o  air- 
l i n e  limousines 

Considerable erpansion of 
(bus ) route  author i ty  
required 

CAE and communities 
offootad vn11Jrl have t o  &&lee 
t h a t  bus i s  an adequate 
replacement 



TABLE XXXIII(C0nt'd) 

SLHMARY OF IMFLFHENTATION CONSIDERATIONS 

t 

Stra tegy 
Policy Optior. 

Auto Free C D ' s  

?ieczce B.2.S ';ravel Time by 
1C yel.cel!l 

--Federal i e g i s l a t i o n  
Elloving d i f f e r e n t i d  
speet  f a r  t rucks  
bilses 

---A. 
-- Dedicated hus (en6 car- 

PO-:) lanes  a t  c i t y  end 
poiz ts  c r  on i n t e r c i t y  
mutes 

--';reere7 e q r e s s  bus ser-  
vice 

Reirxce Rail Travel time by 
10 percent 

--Federal expenditure f o r  
track improveant  

.-.- -- 

-Greater expreis service 

Feas ib i l i t y  Evaluation 

Implementation 
Legis la t ive .  P o l i t i c a l  

and Regulatory 

Considerations 

Operational nnd 
Economic 

National Parkiog ,&sociation 
members v i l l  oppose 

The number of i n s t i t u t i o n s  
a f f ec t ed  i s  enormous. In 
Ae< York City alone approval 

.vouid have t o  be obtained 
fror: a t  l e a s t  11 d i f f e ren t  
agencies 

Support may be obtained 
from WI,  vhich i s  cur- 
r en t ly  invest igat ing a l t e r -  
nat ive  locat ions  fo r  a demon- 
s t r a t i o n  p ro j ec t .  Support 
may a l s o  come from EPA 

Leverage v i l l  have t o  come 
froa w t a ~  noritor 

This vas considered and 
r e Jec t ec  for  s a fe ty  reasons 
under the  s h o r t f a l l  conai- 
t i o n s  of 1973-197~ 

Dovntovn merchants and other  
businesses a r e  l i k e l y  t o  
object s t rongly .  Experience 
i n  foreigG countr ies  has not ,  
hovever, i nd ica t e t  t ha t  hard- 
ship  vi11 r e s u l t  

Land required fo r  out ly ing 
parking l o t s  

Transit  mode in to  c i t y  mvst 
be a v a i l a t i e  v i t h  good. sched- 
ule< frequency 

*Unlikely under n o d  
conditions except as  
demonstration projects  

*Unlikely during c r i s i s  
s i t ua t ion  

L 'dikely  under n o d  

Un l ikeb  during c r i s i s  

Unlikely under u o r d  
conditions except i n  
re,sponse t o  urban 
ucedu 

Unlikely during c r i s i s  
s i t ua t ion  

Pub.licly funded denon- 
s t r a t i o r  projects  have 
a moderate l ikel ihood 
of being in i t i a t ed .  
over t h e  next f i v e  
years 

Possit . le d u r i w  c r i s i s  
s i t ua t ion  

Unlikely except a s  
d r a w l y  p l m c d  for 
next f ive  years 

r U u S l h c l ~  JU 1% LI 161s 
s i tua t ion  

r The 'overs l l  o r i en t a t ion  of c i t y ,  
s t a t e ,  and even f ede ra l  highvey 
people remains i n  favor of maxi- 
m i ? a t i n r  h C  l r ~ h i o l v  ( n c  Q P P Q O O ~  

t o  passenger) throughput 

Grol;ing reccgnitior;  of bus io- 
dustry may r e su l t  i c  demonstra- 
tjor: proJects  

In scme cases may r s ~ u i r r  It; 
approvsl t o  skip  illtsrmediaLe ' 
points  

*I:o indicat ion t h a t  po ten t i a l  
energy rnvlnes *01?19 jwtlfy 
expenditures required 

-""c'?~inn dlnoonrnnr v r rb  *ho 
exponential r a t e  of growth 
of f ede ra l  .commitment t o  
passenger r a i l  .. 

.*Route a l t e rna t ives  a r e  lid- 
I,wl 1$~1,81!ktv  a t r  1 1 1 ~  Iml11 1 ~ 1 1  nm l  r1l.n l r l s t l  nn i h3 n c t  
l o s s  of, service  a t  i d e r -  maJority of routes  nes t  r i ve  years 
mediate points  

* E u s  lanes  a t  c i t y  end- 
points  v i l l  decrease 
t r a v e l  time primarily 
Purine ruob bow.  Tho 
10 percent decrease is  
not l i k e l y  t o  be achie- 
ved 

Or; most routes express 
service  w i l l  never catch 
on v i t h  su f f i c i en t  load 
f ac to r  t o  provide even 
normalizse onera. savings 

On some high t r a v e l  den- 
s i t y  rou te s  express ser-  
"ice, panicularly dur- 
ing rush hours, could 
probatly become se l f -  
BliiitQiiilng. The seed 
money required t o  i n i -  
t i a t e  t h e  service ,  hov- 
w a r .  bbo grbVfnbPd in. 
dustry experimentation 
on most of these  routes  
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TABLE XXXIII (Cont ' d )  

SUMMARY OF IMPLR4Uil'ATION CORSIDERATIOAS 

3est inat ion Cost Discount 
of $5 f o r  Bus Users 

Strategy ' 

Policy Option 

Greyhound has i n  t h e  pas t  
provided t h i s  type of a 
discount i n  t h e  Ameripass 
discount guide. A survey 
of passenger use of t he  d i s -  
counts indicated t h a t  t h e  
ca r  r e n t a l  option vas used 
l e a s t  of all. They f ind 
t h a t  most of t h e i r  patrons 
a r e  picked up by r e l a t i v e s  
and/or take public t r a n s i t  

--Taxi f a r e  vouchers 
issued v i t h  t i c k e t  

Implementation Considerations 
Legis la t ive ,  P o l i t i c a l  Operational and 

and Regulatory Economic 

This vould probably require  
d i r e c t  expenditure by the  
bus ccrmpanies, and vould not 
have t h e  marketing advantage 
of providing g rea t e r  consu- 
mer convenience 

Feas ib i l i t y  Evaluation 

Even v i t h  s t rong j u s t i f i c a -  
t i o n  by vay of increased 
sa l e s  (vhich I s  unlikely be- 
cause of t he  cha rac t e r i s t i c s  
of bus pat rons)  the  need f o r  
seed money i n  other  prograns 
and t h e  ove ra l l  conservatism 
of t h e  industry vould mil i -  
t a t e  agains t  voluntary adop- 
t i o n  of t h i s  program 

--Suburban terminals 

--Federal subsidy of bus 
user des t inat ion costs  

- - I n t e p a t e  urban and 
i n t e r c i t y  t ranspor ta-  
t i o n  netvorks 

As sumnarized belov, there  
a r e  s ign i f i can t  r e s t r a i n t s  
on federal  subsidizat ion,  
pa r t i cu l a r ly  through indi- .  
r e c t  methods 

Groving support f o r  f ede ra l  Both Greyhound snd Trailvays 
ass is tance in  construction have s t a r t e d  program os sub- 
and renovation of intermodal urban terminal construction. 
terminals I Costs per terminal range 

upward from about $100,000 

The I C C  has proposed Stan- 
dards of Service f o r  t he  
bus indust ry  which include 
terminal construction re- 
quirements. Industry 
contends t h a t  the  Standard: 
v i l l  bankrupt them 

Terminal locat ion may not 
y i e ld  a net saving In des- 
t i na t ion  costs  and v i l l  
increase  t r a v e l  time 

1 Selected offer ings  
v i l l  continue. Vide- 
spread use i s  unl ikely  
under normal conditions 

Funding vould l a r g e l y  orig- 
i n e t e  i n  UMPA. The urban 
as opposed t o  t h e  i n t e r c i t y  
t r a v e l  market vould have 
t h e  leverage 

Unlikely during c r i s i s  
s i t u a t i o r i  

Would yei ld ' savidgs  i n  w e a s  
where there  i s  no such in te-  
gra t ion and f o r  patrons vho 
a r e  not met by f r i ends  and 
r e l a t i v e s  

Unlikely under normal 
conditions . Unlikely during c r i s i s  
s i t ua t ion  

Unlikely under normal ' I conditions I 
Unlikely during c r i s i s  
s i t ua t ion  

Continuation of ex i s t -  
ing pr ivate  program 

Increase i n  intermodal 
terminal construction 
i s  l i k e l y  

Unlikely durlng c r i s i s  
s i t ua t ion  

Increased in tegrat ion 
i s  l i k e l y  t o  occur i n  
several  c i t i e s  over 
t he  next f i v e  years  

Uallbely dwiw c r i s i s  
I 1 I 1 s i tua t ion  I 



. TABLE m I I 1  (Cont'd) 

SWDW!Y OF IMPL!3ENTATION COITSIDERATIONS 

:iscount 50 perter.; on 
=eais am2 Lodging vitn 
%chase of bus Ticket 

-- 

Stratem 
Policy Option 

Subsidization by the federal 
government of a discount pro- 
~ a a  vould likely run into the 
opposition of both the direct 
and indirect programs proposed 

Greyhound currently offers 
discounts ranging up to 10 
or.15 percent on lod&ing 
(Slumber Stop) and meals 
(Post House discount cards ). 
Under this progrm you buy 
the meals and lodging minus 
the discount vhen you buy 
your ticket . A 50 percent discount is 
vieved askance by both 
hoteliers and the bus in- 
dustry. For lodping in par- 
ticular guarantee of a roam 
vould be unlikely at a rate 
of .50 percent off 

Feasibility Evaluation 
Implementation Considerations 

Discounts of this mag- 
nitude are unlikely in 
regular route service 

Legislative, Political 
an? Regulatory 

Unlikely during crisis 
situation 

Operational and 
Economic 

5.1s P w a  Reduction oC 90 
ycrcenL 

--Prove rater are un- 
Just a72 unreasonabie 

--lndicate sslsidies to 
passencera (income tax 
aeiuctionr or rebates) 

--UirecC subsiCization bP 
fares 

I 

Strong labor an2 management 
opposition 

Weak consumer position. 
Financial data is not in the 
public domain 

ICC W C U ~ ~  have t,r: disallow 
certain costs 

Stronb lefiislative oppnsi- 
tior. can be expected on the 
basis of interference vith 
freedom of choice 

Possibility of' subsidizing 
mobility as opposed to fares 

[iroving momentum in Congress 
and the Executive for private 
mprket, nnli~t~lnn-. Th<s 4 .  

compounded by the historic 
ability of the, carriers to 
provide r ? s ~ ~ n t , j  al t ranspor- 
tation services vithout pub- 
lic a u p p ~ r  

Operating costs for Class I 
carriers have increased 36.8 
percent since 1970. while 
revenues have increased by 
only 31.3 percent 

In 1971 the average operating 
ratio for Cla~s I carriers 
vas 87.6 percent as compared 
vith 90.6 percent in 1973 and 
93.6 percent in 1975 

Route-by-route financial data! 
if they exist, are not public 
knowledge 

May not be perceived as a 
fare reduction by patrons 

Due to characteristically 
lover income patrons, this 
may imply a negative income 

Reservations of the bus com- 
panies include the operating 
~rquieomouru %iu$ ma(? Ere i5 
posed by accepting subsidy 

Admlniotrativc control may 
be virtually impossible 
within rno oxiot ibg  m@n 
tory framevork 

Unlikely under nornal 
conditions 

Unlikely during crisis 
situation 

Unlikely under normal 
conditions 

--Potential for arr initially , 

modest spending program to I 

Unliltely under notmu 
conditions 

grov at exponential rates I 1 
100 

--Lessons of the past indl- 
cate that try%ne the balance 
inequities (e.g., Amtrak 
competition ) through more 
subai dy t..-ndfi t o  create 
further imbalance. 

--Inefficiencies w e  harbored 
by federal and state sub- 

-Cr068 aub~idization of 
routes, services. and geo- 
graphic areas 

--Over 900 caniers ranging 
in size r m m  "wa and Pa" to 
Greyhound Lines and serving 
over 15.000 cities 



TABLE XXXI I I ( Cont ' d ) 

SUMI.IARY OF lMPLPIMTATIOB CONSIDERATIONS 

Peas i t . i l l t y  Evaluat ion 

*Moderately l i k e l y  over  
next f i v e  yea r s  

*Unlikely dur ing c r i s i s  
s i t u a t i o n  

I 

*Widespread use i s  un- 
l l k e l y  under normal 
condi t ions  

Unlikely dur ing c r i s i s  
s i t u a t i o n  

.Widespread w e  I 6  un- 
l i k e l y  under normal 
cond i t i ons  

.Unlikely dur ing c r i s i s  
situat ioc  

.Unlikely under normal 
condi t ions  

BUniikely dur ing c r i s i s  
s i t u a t i o n  

S t r a t egy  
Pol icy Option 

- -Deregdat ion 

Dest inat ion Cost Discsunt 
of,  5 5  f o r  R a i i  Users 

Ciscciurt of 56 percent  on 
.Meal and. Lo.dgin6 v i t h  Pur- 
chase of a  Trein  Ticket  

Treir! Fare Reduction of 
50 percent  

Implementation 

Leg i s l a t ive .  P o l i t i c a l  
and Regulatory 

Motor c a r r i e r  r egu la to ry  re-  
form hinges on t h e  t rucking , 

i n d u s t n  r a t h e r  than t h e  bus 
indus t ry .  The opposi t ion i s  
s u b s t a n t i a l .  Even i f  a i r l i n e  
reform paves t h e  way over t h e  
next yea r ,  it v i l l  s t i l l  be 
a t  l e a s t  2 t o  3 yea r s  before  
motor c a r r i e r  r egu la t ion  i s  
l i b e r a l i z e d  

The A&in i s t r a t ion ' s  b i l l  does 
no t  preenpt  s t a t e  con t ro l  over 
e x i t .  On t h i s  b a s i s ,  i ndus t ry  
says  it w i l l  p lay havoc v i t h  
t h e  indus t ry  

Without economic r egu la t ion ,  
t h e  b a r r i e r s  t o  e n t r y  a r e  
n e g i i 5 i l e .  The c a r r i e r s ,  
t h e r e f o r e ,  f e a r  t h a t  numer- 
ous .fly by n igh t  ope ra t ions  
vill d i s c r e d i t  t h e  whole . 
i n d u ~ t r y  

The f e d e r a l  government i s  
a l ready subs id i z ing  NU! 
f a r e s  and w i l l  be  cont inuing 
t c  do so .  There i s  no ind ic s -  
t i o n ' t h a t  energy savings  could 

, e f f e c t i v e l y  J u s t i f y  g r e a t e r  
ope ra t ing  subsidy 

Conaiderat ions  

Operat ional  and 
Economic 

L ibe ra l i zed  e n t r y  and e x i t  
vould n e c e s s i t a t e  subsidiza-  
t i o n  of c e r t a i n  rural rou te s  
i n  o rde r  t o  mainta in  s e r v i c e .  
The ne t  r e s u l t  of increased 
compet i t ion,  hovever,  may be 
s u b s t a n t i a l  f a r e  r educ t ions  
on o the r  rou te s .  Indust ry  

. coun te r s  t h i s  l a t t e r  a s s e r t i o n  
v i t h  a  p red ic t ion  of doom. 
s t a t i n g  t h a t  capac i ty  vill ou t  
run demand and c a r r i e r s  w i l l  
f ace  bankruptcy nationwide 

' 

Current ly  AHTRAK o f f e r s  c a r  
r e n t a l  d i scoun t s  on s e l e c t e d  
rou te s  (F lo r ida  Week o f  
Wheels ) 

*AKfW marketing i s  based on 
i d e n t i f i c a t i o n  of s e n s i t i v e  
markets and i n s t i t u t i n g  sho r t  
term discount  programs 

'*AM?RAK cur ren t ly  i s s u e s  cou- 
pons f o r  a  1 0  pe rcen t  d l s -  
count a t  c e r t a i n  h o t e l s ,  
t o u r i s t  a t t r a c t i o n s .  and 
r e s t a u r a n t s  on i t s  ves t e rn  
rou te s .  



Of t h e  two a i r  f a r e  surcharge measures, it appears t h a t  t he  f i xed  surcharge 
would produce an undes i rab le  d i scon t inu i ty  i n  t h e  a i r l i n e  f a r e  schedule.  The dec l in-  
i ng  surcharge i s  equiva len t  t o  a 100 percent  f a r e  increase  a t  100 mi l e s ,  30 percent  

a t  300 mi les ,  and no inc rease  a t  o r  above 500 mi les ;  t h e  average inc rease  i s  21.3 
pe rcen t .  It has a s l i g h t l y  l a r g e r  impact t han  t h e  f i x e d  surcharge,  d e s p i t e  being 
s l i g h t l y  smal le r  i n  s i z e ,  because t h e  dec l in ing  surcharge concentrates  i t s  impact on . 

t h e  s h o r t e s t  rou te s ,  where modal s h i f t s  from air  a r e  e a s i e r  and t h e  p o t e n t i a l  energy 
savings o f  such s h i f t s  a r e  g r e a t e r .  Consequently t h e  f ixed  surcharge was dropped. 

'Furthermore, it was decided t h a t  t h e  two measures designed t o  rep lace  l a r g e  a i r c r a f t  
by smal le r  ones might f u r t h e r  aggravate  t h e  a i r l i n e s  overcapaci ty problem i f  imple- 
mented on t h e  s c a l e  necessary t o  achieve t h e  i l l u s t r a t e d  energy savings.  .Accordingly, 
t h e s e  methods were e l imina ted  i n  favor  of  t h e  more e f f e c t i v e  load f a c t o r  and fa re-  
i nc rease  s t r a t e g i e s . .  Also, t h e  constant-frequency s t r a t e g i e s  were dropped because 
they  a r e  s i m i l a r  t o ,  bu t  appear t o  save l e s s  energy than ,  t h e  70 percent  Poad . fac tor  
s t r a t e g y .  

Probable Impacts of  Se l ec t ed  S t r a t e g i e s  

Table U X I V  s-arizes t h e  major p o s i t i v e  and negat ive impacts of implementing 
t h e s e  s i x  s t r a t e g i e s  during a severe energy s h o r t f a l l .  The t a b l e  draws on t h e  
Task 5 r e s u l t s  and t h e  implementation consid,em.t,ions poin ted  out i n  Table ;CXXI~I .  
The'comparison i n d i c a t e s  t h a t  both bus s t r a t e g i e s  a r e  r e l a t i v e l y  undes i rab le  from 
t h e  po in t  of  view o f  f e d e r a l  expendi tures ,  energy savings and e f f i c i e n c y ,  and 
admin i s t r a t i ve  requirements.  The auto s t r a t e g i e s  achieve g r e a t e r  energy savings ,  
bu t  a t  t h e  s a c r i f i c e  of  energy e f f i c i e n c y .  Moreover, t he .  range of a c t i v i t i e s  and 
groups adversely impacted by t h e  s t r a t e g i e s  i s  l a r g e .  The a i r  s t r a t e g i e s ,  whi3.e 
appearing t o  save rnore f u e l  than  o the r  s t r a t e g i e s ,  would do so  a t  a f i n a n c i a l  
pena l ty  t o  t he  a i r  c a r r i e r s  and/or inconvenience and poss ib ly  excessive cos t  t o  t h e  
a i r  t r a v e l e r .  A forced  high load  f a c t o r  could adversely impact t h e  long-haul a i r  
system by reducing t h e  a v a i l a b i l i t y  of connecting s e r v i c e  provided by t h e  short-haul 
sector. 



TABLE XXXIV ,, . . 
1 .  

SUMMAF!Y OF LMF'ACTS ASSOCIATED WITH STRATDiY IMPLPlENTATION 
(Effects  noted a r e  percentages of Baseline Conditions) 

Travel t ime per passenger 

Increased a i r l i n e  cost  f o r  fue l  ; 
reecbeduling ; re- t ra ining employees 

Energy eff ic iency improved by 
5 .19pe r ren t  . ~ i i r e a s e d  serviCe t o  pissengers , 

. . 

E n e r a  savings of 6.07 percent 

Negative Impacts 

Passen3er-dles  of t r a v e l  reduced 
by 3.15 percent 

Average charge of $7.03 per a i r  
passenger 

Reduced a i r l i n e  revenue 

3ecl in ing Surcharge on 
1 Short-Saul Air. Fares 
I 

~! 

! 

i .  

i 

I 

E n e r e  eff ic iency improved by 
0.L6 percent . 

Posi t ive  Impacts . 

Energy savings of 7.88 percent 

Energy eff ic iency improved by 
4.70 percent ' 

Federal revenues'of $371 mil l ion 

1 I Penalizes ldng-haul a i r  t r ave l  . I 
Passenger-miles of t r a v e l  
reduced by 5.6 percent 

Reduced, energy eff ic iency of 
t ruck and bus operations 

Increased costs  t c  t rucking 
and bus operations 

lncreasee highvay sa fe ty  

I Reduced t ruck d r ive r  earnings. ' 

Increased delay i n  t ranspor t  of 
passenger6 and property 

I I Increased s i ~ i n g  and enforcement , 

Travel time per passenger increased 
by 4.6 percent ! 

Gascline t ax  of 5 0 . 9  per gel lon I Energy savings of 3.84 percent 

I ~ e d e r a l  revenues of $1. d ie8 
b i l l i o n  

Travel t ime per passenger 
decreased by 1. L 'percent 

Energy efr ic iency decreased by 
2.31 percent 

Passenger-miles of t r a v e l  redused 
by 6.0 percent 

Average charge of $3.15 per  auto  
passenger 

I var i a t ion  i n  incidence of t a x  by 
region. indust ry ,  and income group I 

Bus Fare Redaction 

Express Bus Service k--.- 

Energy eff ic iency improved by 
1.69 percent 

Passenger miles of t r a v e l  
increased by 2.08 percent 

Average oavings of 86.38 per  
bus passenger 

Energy Efficiency improved by 
0.75 percent 

mergy use ihcreased by 0.38 percent I 
Subsidy of 6153.8 mil l ion required I 
Travel t ime per  paaseneer 
increased by 1 .4  percent 

Administrative requirements w e  
l i k e l y  t o  bt high 

percent 

Passewer  miles of t r a v e l  
increased by 0.87 percent 

Federal provision of reed money 



EYALUATION OF COMBINATION STRATEGIES 

Energy-saving measures considered i n  t h e  p e c e d i n g  sec t ion  were evaluated inde- 
pendent ly t o  determine t h e i r  r e l a t i v e  e f f ec t iveness  i n  conserving energy. Combina- 

t i o n s  of t h e s e  ind iv idua l  measures were then evaluated t o  determine t h e i r  e f f ec t ive -  
ness  i n  achieving energy savings s p e c i f i c a l l y  through t h e  modal s h i f t  process  toge ther  
with information r e l a t i v e  t o  t h e i r  e f f e c t s  on t r a v e l  demand and mode e f f i c i e n c y  
changes. 

Comkiriation S t r a t e g i e s  

A summary of t h e  f i n a l  s t r a t e g i e s  formulated by combinations of t h e  remaining 
f i v e  measures, and t h e i r  p e r t i n e n t  c h a r a c t e r i s t i c s ,  i s  provided i n  Table X V .  This 
t a b l e  s t i l l  r e f e r s  t o  only t h e  short-haul ,  SMSA-pairs; an expansion of r e s u l t s  t o  a l l  
short-haul  t r a v e l  w i l l  be presented l a t e r .  Al toge ther ,  f i f t e e n  combination s t r a t e g i e s  
were composed from t h e  two 'bus, two au to  and one a i r  measures l i s t e d  a t  t h e  t o p  of 
t h e  t a b l e .  The combination s t r a t e g i e s  a r e  divided i n t o  t h r e e  groups. ~ h e ' f i r s t  group 
c o n s i s t s  of  one o r  two changes i n  a s i n g l e  mode: 

A - 50-mph auto  speed and 50 percent  increase  i n  auto opera t ing  c o s t  

B - 50 percent  bus f a r e  reduct ion  and 1 0  percent  reduct ion  i n  bus t ime 

C - 21 percent  dec l in ing  a i r  f a r e  surcharge 

The second group ( S t r a t e g i e s  I t o  t i )  c o n s l s t s  or combin2lttbns of the auro (A) and . 

bus ( B )  s t r a t e g i e s ,  and t h e  t h i r d  group ( s t r a t e g i e s '  7 t o  1 2 )  c o n s i s t s  of t h e s e  
same combinations p l u s  t h e  a i r ,  f a r e  surcharge ( C ) .  Thus, S t r a t egy  1 2  includes a l l  
o f  t h e  s e l e c t e d  ind iv idua l  s t r a t e g i e s  taken i n  combination. A l l  o f  t h e  r e s u l t s  i n  
Table XXXV- a r e  ca l cu la t ed  wi th  base l ine  a i r  load  f a c t o r s .  

Table XXXVI i s  s i m i l a r  t o  Table XXXV except t h a t  it includes t h e  simulated 
e f f e c t s  of an a r b i t r a r y  a i r  load  f a c t o r  of  70 percent  which, while  not a modal- 
s h i f t  measure, was ' inc luded  i n  t h e   calculation^ t o  show how t h e  modal-shirk savings 
might change i f  a i r  ioad f a c t o r s  were t o  vary from t h e i r  base l ine  va lue .  An a i r  
i oad  f a c t o r  of 70 percent  i s  assumed t o  be a l i m i t i n g  v a l u e  which could not be 
achieved without  d i s r u p t i v e  e f f e c t s  on t h e  e n t i r e  a i r  t r a n s p o r t  system; t h e  
e f f e c t s  of more r e a l i s t i c  l e v e l s  can be i n f e r r e d ,  by i n t e r p o l a t i o n ,  from t h e  two 
sets  of  r.esull;s gLvt.11. 



TABLE XXXV 

CCMBIIIED )ODAGSHIW WRATaY RESULTS -- ALL SHORT-HAUL SEA-S(SA IATERCITY TRAVEL 
' 

Daseline Load Factors 

1 (x) indicate8 that  potent181 kus tlme savlnge resul:ing from increased express bus service, for emnple. have been cancelled by slower speeds required by the 50-qh spePd l imit .  
Ihus, bsseline ow times sere  used. 

2. "Net. Increase in (;overneat receipts" assumes that  '>us fare reductions a re  achieved through subsidies, r h i l e  auto cost increases and a i r  enre surcharges are brou8t.t about through tanrtion. 

A l l  distances are in straight-l ine miles. 

A l l  cosls are in 1973 dollars. 

S tn teg lea :  
50 IIR1 Auto Speed 
A Auto Cost Increaae 

504 Bus hre Reduction 
16 Bun lYme Reduction 
21% Air Pare S u r c h a ~ e  

Paan.-Wles ( 1 8 )  
bdal Shwes: T/IS U r  

C-erAir 
R s i l s M e t r o  
Bus 
Auto 

mtal m e r  cost (109 $) 
; ~ost/ lhas.-It l le 

mtd Vser (109 ~ h s )  
Avg. Travel Speed ()IPH) 

lbtal Bus Subslay (109 $) 
/ h a  Traveler ($) 

mtd Auto Cost Increme ( l@ b) 
/ A U ~  Traveler (1) 

m t a l  Air Surchnrge (109 $) 
/Air Trawler ($) 

t7et Increase i n  Cov't. ~ e c e l p t s ~  
. (109 $1 

mtal Energy Btul 

E n e r g y I n t e n s I ~ ( 1 0 3 % u / P . ~ . )  
S Improvement 

11973) 

79.845 
0.1574 

0 . 0 0 l l  
0.- 
0.0211 
0.8L02 

6.741 
o.oSW1 

1 . n 4  
48.2 

- 

- 

Wlo.650 

5.519 

212.628 
2.663 , 

Fnergy Saved (1012 Btu): 
Actunl 
% 
m d - N o r m a l i z e d  
% 

eslssions (lo3 y ~ d  TO=) 
Ytd ~ O n B / l 0 ~  P.M. 

1980 
Baeeline 

1 W . w  
0.2274 
0 . 0 2 6  
0.0121 
0.0285 
0.7293 

9 .  
o . ~  

2.195 
47.3 

w . 8 7 5  

4.894 

- 

160.210 
1.601 

:jingle-Mde Strategies 
A B C 

X 
X 

. x 
X 

X .  

80.496 103.392 96.916. 
0 . W 9  0.2168 0.1764 
0.& 0.0024 0.0035 
0.0193 0.0105 0.0140 
9 . W  0.0690 0.0328 
.1.6320 0.7013 0.7733 

u.6301 10.305 9.659 
>.l l88 0.W 0.- 

2.015 ,2:304 2.195 
18.6. 46.7 45.6 

0.2109 - 
6.50 - 

o.+@ - 
3.05 

0.3710 
7.03 

'0.9469 -0.21og 0.3710 

W6.631 490.488 451.285 

4.991 4.744 4.656 
-1.97% 3.066 4.85%. 

L3.244 -0.613 38.590 
8.83% -0.13% 7.88% 

-9.670 1 5 . w  23.769 
-1.9% 3 . 6 %  4.856 

134.566 163.680 l61.066 
1.503 1.583 1.662 

Auto and Bus Strategies 
1 2 3 4 5 6 

X '  X . X X 
X X X X 

X X 
(XI' (:) X X ' (X) (x) 

94.480 96.610, *.969 97.457 89.4% 91.679 
0.2619 0.2540 0.2613. 0.2500 0.2979 0.2875 
0.0032 0.0031 0.0032 0.0030 0.m 0.0037 
0.0149 0.0134 0.0150 0.0131 0.0193 0.0170 
0.0366 0.0662 0.0487 0.0907 0.0468 0.0848 
0.6834 0.6633 0.6718 0.6432 0.6320 0.6070 

10.037 10.224 10.750 10.955 10.630 10.811 
0.162 0.1058 0.1132 0 . ~ 2 4  0.1.188 O.ll79 

2.168 2.252 2.050 2.148 2.015 2.107 
45.4 4 . 8  U . 5  47.5 46.6 ,45.7 

0.1887 - 0.2620 - 0.2302 
6.57 - 6.54 - 6.59 

1.0752 1.0571 0.9469 0.9326 
3.14 3.13 3.05 3.04 - ' - 

0.0 -0.1887 1.0752 0.7951 0.9469 0.7024 

460.120 460.660 470.979 468.722 h6.631 45.509 

4.870 4.768 4.959 4.810 4.991 -4.859 
0.498 2.57% -1.34% 1.7% -1.m 0.70$ 

a . 7 5 5  29.215 18.896 21.153 43 .24  44.366 
6.07% 5.968 3 . 8 6  4.32% 8.8_3$ 9.06$ 
2.390 12.579 -6.545 8.446 -9.670 3.449 
0.49b 2 . 5 6  -1.346 1 . 7  -1.97% 0.77d 

lL6.521 lie.118 li6.463 148.817 134.566 136.540 
1.551 1.540 1.542 1.527 1.507 1.lr8o 

Auto, Bun, and Air Pare Surcharge Strategies 
7 8 9 10 11 12 

X X X X 
X X X X 

X X 
(XI (x) X X 

x 
X X X I I X 

(XI ( X I  

91.262 93.433 91.769 94.292 86.266 86.461 
0 . 2 W  0.1974 0.2025 0.lW 0.239 0.2236 
0.0043 0.0041 0.0043 0.& 0.0054 0.0051 
0.0176 0.0156 0.0176 0.0151 0.0232 0.0202 
0.0428 0.0772 0.0578 0.1055 0.0557 0.0gm 
0.7309 0.7057 0.7178 0.6826 0.6826 0.6514 

9.720 9.9ll  10.462 10.661 10.346 10.524 
0.1065 0.1061 0.1140 0.1131 0.1XX) 0.1190 

2.178 2.266 2.058 2.160 2.032 2.- 
43.4 42.8 46.4 45.5 3 43.4 

- 0.2l38 - 0.2959 - 0.2621 
- 6.58 - 6.57 - 6.60 
.- 1.1224 1.0976 0.9965 0.9767 
- 3.23 3.22 3.15 3.14 

0.40U 0.3947 0.3884 0.3780 0.4282 5.4173 
6.97 6.93 6.79 6.76 6.88 4.811 
0.4011 0.1609 1.51@ 1.1797 1.4246 L.Ul9 

417.812 417.817 427.782 425.016 '400.384 399.610 

4.578 4.472 4.662 4.507 4.643 4.506 
6.45% 8.62% 4.75% ,L@ 5.- 7.926 

72.063 72.058 62.093 64.859 89.491 91.235 
l>& 14.71% lZ.688 13.24% 18.27% 18.62% 
31.606 . 42.249 23.252 38.684 25.013 38.790 
6.45% 8 . a  4.75% 7 . M  5 . 1 3  7.926 

1772f't 169. 60 lil. 69 149.h37 135.601 137.381 
1.201 1.206 1.585 1.573 1.553 



TAHLE XXXVl  

COMBBlELl MODAL-SHIFT STRA'XCY RESULTS -- ALL SHCdRT-HAUL MA-SMSA I W E F X Z ' Y  TFAVEL 

7 d  Air Load Fact.cr 

I-' 
0 
(3\ 

1 ( X I  i n a c a t e s  t h a t  potent.:al t u s  time savings r e s r l t i n g  Prom i i c reased  express bus se rv ice ,  fo r  example. have been cancel led by s l cve r  speeds required by the 50-wh speed l imi t  
mu, bssel ine bus times w r e  m e t .  

2. "Net inzrease in  Cwernwnt  r ece ip t s "  assumes tha: bus fkre re3uct lons are achieved througll subsidies ,  v m l e  auto cos t  increases 5 4  a l r  f a re  surcharges a r e  brought 
abcut t.xo!!gh taxat ion.  

A l l  distances a r e  i n  s t . r a i ~ h t - U n e  mlles. 

Auto, Rus, and Alr Fare Surcharge S t ra t eg ies  
7 8 9 10 11 1 2  

X X X X 
X ' X  X  X - 

Y X X 

(1973: 
S t ra t eg ies  : 

50 YFtl Auto Speed 
50% Auto Cost Increase I 

5& PUS Fare Reduction 

A l l  cos t s  a r e  i n  1973 do l l a r s .  

1980 
k s e l i n e  

-- 

10% Bus Nme Reduction -- . 
21'6 Air R u e  Surcharge 

- - - -- - 

Slr@e-lMe S t ra t eg ies  
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While Tables XXXV and XXXVI summarize much of t he  bas ic  q u a n t i t a t i v e  da t a  
derived from applying t h e  model described e a r l i e r ,  the  most pe r t i nen t  da t a  -- energy 
savings -- have been h ighl ighted  i n  Table XXXVII  which separa tes  the cont r ibu t ions  
of t h e  following t h r e e  mechanisms by which energy savings a r e  produced by t h e  imple- 
mentation of t he  s t r a t e g i e s  examined: 

. Energy savings through suppression of demand 

. Energy savings through mode e f f i c i ency  improvements 

. Energy savings through modal s h i f t s  

Because energy savings based on demand suppression and mode e f f i c i ency  
improvements can a l s o  be achieved by measures o the r  than modal s h i f t ,  t h e  modal- 
s h i f t  e f f e c t ,  a s  presented i n  Table XXXVII, i s  t h e  most pe r t i nen t  of t h e  t h r e e  
with respec t  t o  t h e  objec t ives  of  t h e  present  s tudy.  

For those  s t r a t e g i e s  which r e s u l t  i n  t he  g r e a t e s t  t o t a l  savings ( s t r a t e g i e s  
11' and 12 '  ) , t h e  demand-suppression e f f e c t  i s  dominant (44-542)  and the  mode 
e f f i c i ency  e f f e c t .  i s  respons ib le  f o r  much of t h e  remainder (32-33%). The savings 

, 

achieved by modal s h i f t ,  per  s e ,  a r e  small  (13-24% of t o t a l  savings and only 

3-5% of the  base l ine  energy) .  Where the modal-shift savings a r e  a  major p a r t  of 
t h e  t o t a l  ( s t r a t e g i e s  C ,  2 ,  10 ,  B '  ) the  t o t a l  savings a r e  not ,nearly a s  l a r g e  
( 5-1.3% of t he  base l ine  energy ) . 

A l l  of t he  above r e s u l t s  a r e  based on t r a v e l  among only t h e  SMSA-SMSA p a i r s  i n  
t h e  67-50.0 mile d is tance  category. Since t h i s  i s  only a  p a r t  of t h e  short-haul t r a v e l  
i n  t h e  U.S., t he se  r e s u l t s  must be expanded.into t h e ' e n t i r e  short-haul s ec to r  i n  
order  t o  more f u l l y  eva lua te  the  s t r a t e g i e s  considered; This expansion, and the  
f i n a l  q u a n t i t a t i v e  r e s u l t s  of t he  s tudy,  a r e  presented i n  t he  following' s ec t ion .  

Add i t iu~ ia l  Travel  3ec Lors 

I n  i t s  most comprehensive d e f i n i t i o n ,  'short-haul,  i n t e r c i t y  t r a v e l  c o n s i s t s  of 
a l l  t r i p s  between populat ion cen te r s  which a r e  l e s s  than 500 miles  apa r t .  For very 
s h o r t  d i s tances  t h e  d e f i n i t i o n  of an  " i n t e r c i t y  t r i p "  becomes obscure s ince  t h e  
gene ra l ly  accepted ca t egor i e s  of t r i p  purpose a r e  not '  de sc r ip t ive  of  a l l  such t r i p s ,  
and c r i t e r i a  such a s  an  overnight s t a y  a t  des t ina t ion  a r e  o f t e n  not  met. Therefore 
i t  i s  convenient t o  s e t  both upper and lower bounds on t r a v e l  d i s tance ,  a s  i n  t.he 
preceding ana lys i s  of SMSA-to-SMSA t r a v e l ,  between 67 and 500 miles.  However, t r i p s  
involv ing .popula t ion  cen te r s  below t h e  SMSA l e v e l  should a l s o  be considered. 
Furthermore, i n t e r c i t y  t r i p s  under 67 miles  should not be  neglected e n t i r e l y .  The 
method by which these  a d d i t i o n a l  i n t e r c i t y  t r i p s  were analyzed i s  descr ibed below. 



COMPONENTS OF ENERGY SAVINGS IN THE SHORT-HAUL 
SMSA - SMSA INTFXCTTY SECTOR 
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The National  Trave l  Survey, which w a s  used a s  a b a s i c  d a t a  source i n  t h i s  study, 
rincli~.d.ed. 83.1. i n t , e r c i ty  t r i p s  between 67 and 500 mi les ;  it was not  l i m i t e d  t o  SMSA- 
;o-SMSA t r i p s .  I n  add i t i on ,  d a t a  f o r  bus,  r a i l  and a i r  i n t e r c i t y  t r i p s  f o r  a l l  

d is tances .  (not  bounded by upper o r  lower l i m i t s  on t r i p  l eng th )  a r e  a v a i l a b l e  from 
NAMBO, AMTRAK and CAB sources.  Thus, it i s  p o s s i b l e  t o  es t imate  t h e  number of  shor t -  
haul  i n t e r c i t y  t r i p s  not included i n  t h e  SMSA- to-SMSA a n a l y s i s  summarized i n  
Tables XXXV and XXXVI by p iec ing  toge ther  d a t a  from var ious  sources.  The priniary 
"gap" i n  making such an es t imate  i s  t h e  unce r t a in ty  i n  t h e  amount of  au to  t r a v e l  
:wkiicti can be ca tegor ized  a s  i n t e r c i t y .  

Table X X X V I I I  includes a s e r i e s  of 1973 modal comparisons, with each successive 
comparison based on an  inc reas ing ly  comprehensive po r t ion  of  t he  t r a v e l  market. 
The f i r s t  comparison r epea t s  t he  1973 d a t a  from t h e  SMSA-to-SMSA ana lys i s ,  and 
inc ludes  demand and energy da t a  f o r  both short-haul  (under 500 mi) and t o t a l  i n t e r -  
c i t y  t r a v e l .  The second comparison en larges  t h e  ,market t o  inc lude  t r i p s  between 
SMSAs and non-SMSAs, bu t  t h e  lower bound of 67 miles  still app l i e s .  Both of t hese  
comparisons a r e  based on t h e  UTRC demand and modal s p l i t  models, which incorpora te  
NTS, CAB and i n t r a s t a t e  demand da t a .  Energy c a l c u l a t i o n s  were made by applying 
appropr ia te  energy i n t e n s i t i e s  t o  each modal demand. It i s  seen t h a t  short-haul  
energy more than doubles i n  t h i s  more inc lus ive  market. 

The market i s  f u r t h e r  expanded i n  t h e  t h i r d  comparison t o  inc lude  a l l  i n t e r c i t y  
t r i p s  between 0 and 500 mi les .  Some of  t hese  da t a  were obtained d i r e c t l y  from sources ,  
and t h e  remaining f igu res  ( i n  parentheses)  were est imated a s  descr ibed f u r t h e r  on. 
Here, t h e  t o t a l  short-haul energy i s  more than four  t imes t h a t  i n  t h e  SMSA-SMSA 
market due, mostly,  t o  t h e  dominance of auto t r a v e l  f o r  t r i p s  under 67 mi les .  

F i n a l l y ,  i n  t he  l a s t  comparison, a breakdown o f  t r a n s p o r t a t i o n  energy use  i n  
all. pub l i c  and p r i v a t e  ca t egor i e s  (except m i l i t a r y  and a g r i c u l t u r e )  i s  given i n  
order  t o  show i n t e r c i t y  t r a v e l  i n  i t s  proper perspec t ive  r e l a t i v e  t o  o t h e r  veh icu la r  
uses  of  energy. . . 

I n  order  t o  f i l l  ou t  t h e  d a t a  i n  t h e  t h i r d  p a r t  of Table X X V I I I  it was 
convenient t o  d iv ide  i n t e r c i t y  t r a v e l  i n t o  t h r e e  sec to r s :  1) SMSA-to-SMSA t r i p s  
above 67 m i ;  2 )  i n t e r c l  t y  t r i p s  ( in r l~ i i l j ng  n o n - S ~ A S )  above 67 m i ;  and 3) i n t e r c i t y  
t r i p s  under 67 m i .  The f i r s t  s e c t o r  i s  i d e n t i c a l  t o  t h e  f i rst  l i s t i n g  i n  t h e  
t a b l e  and has been analyzed i n  g r e a t  d e t a i l  i n  t h i s  study. The second s e c t o r  i s  t h e  
d i f fe rence  between t h e  f i r s t  two s e t s  of da t a  i n  Table X X X V I I I ,  and t h e  t h i r d  i s  t h e  
d i f f e r ence  between t h e  second and t h i r d  s e t s .  Since t h e  f i rs t  two s e t s  o f  d a t a  a r e  
complete from in-hand sources,  two of  t h e  t h r e e  des i r ed  s e c t o r s  a r e  completely 
defined.  The t h i r d  s e t  was i n i t i a l l y  incomplete (numbers i n  parentheses)  f o r  a l l  
au to  t r a v e l  and f o r  shor t -haul  public-mode t r i p s .  However, s i n c e  the  only d i f f e r -  
ence hetween +.he second and t h i r d  d a t a  sets  i s  t h e  a d d i t i o n  of  0-67 m i  t r i p s ,  a l l  o f  
which a r e  short-haul ,  t h e  short-haul  column f o r  t h e  pub l i c  modes can be est imated 
wi th  confidence by assuming t h e  d i f f e r ences  a r e  t h e  same f o r  short-haul  a s  f o r  a l l  
d i s tances .  Therefore only au to  t r i p s  were unknown a t  t h i s  po in t .  
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The b e s t  way t o  es t imate  shor t -d is tance  au to  demand i s  t o  es t imate  modal 
shares .  Using t h e  t h r e e  d i s t ance  ca t egor i e s  by which SMSA-to-SMSA t r a v e l  was 
znalyzed e a r l i e r ,  modal shares  were p l o t t e d  aga ins t  d i s t ance ,  i n  Fig. 21, t o  
determine t rends  which might be ex t rapola ted  (dashed po r t ions )  t o  s h o r t  range. 
As shown, t h e  t r ends  f o r  au to  and a i r  a r e  q u i t e  cons i s t en t ,  au to  decreasing s t e a d i l y  
wi th  d i s t ance  and a ir  increas ing .  Bus and r a i l  shares  a r e  always small, b u t  a r e  
g r e a t e s t  f o r  t h e  s h o r t e s t  d i s t ance  category analyzed (67-150 m i ) ,  which has a n  
average t r i p  l eng th  of  104 miles .  

It i s  known from CAB and i n t r a s t a t e  da t a  t h a t  a i r  demand below 50 mi, i s  almost 
neg l ig ib l e .  Therefore.  t h e  air  sha re  a t  t h e  351mi average t r i p  i n  t he  0-67 m i  d i s -  
tance ca tegory  i s  e s s e n t i a l l y  zero. l?urthermore, t h e  o t h e r  publ ic~mode sha re s  
ought t o  approach zero a s  d i s t ance  becomes ve ry  small ,  and t h e  au to  t r end  i n  
Fig. 2 1  appears t o  support t h i s  conten t ion  very  we l l ,  reaching almost a 97% sha re  . 

at 35 m i .  The t o t a l  bus and r a i l  share  i s  t he re fo re  only 3%. The curve ex t rapola-  
t i o n s  show.that  t h e  ra i l  po r t ion  was assumed t o  be low, p r imar i ly  because many of  
t he  c i t y - p a i r s  i n  t h i s  s e c t o r  w i l l  not have r a i l  se rv i ce ,  whereas bus s e r v i c e  i s  
widely ava i l ab l e ,  even f o r  non-SMSA c i t i e s .  

A f i n a l  summary of  t h e  demand and energy brealfdowns among t h e  t h r e e  shor t -haul  
i n t e r c i t y  t r a v e l  s e c t o r s  appears i n  Table XXXIX. In  t h i s  l i s t i n g ,  and i n  a l l  sub- 
sequent t abu la t ions ,  t h e  commuter and t runk / loca l  s e r v i c e  a i r  ca t egor i e s  a r e  
consol ida ted  i n t o  a s i n g l e  a i r  mode des igna t ion  because . the commuters' primary market 
i s  i n  providing access  t o  hubs f o r  long a i r  t r i p s  r a t h e r  than i n  or ig in-des t ina-  
t i o n  t r a v e l .  Also, t h e  e f f e c t s  of  s h i f t s  t o  commuters from t h e  l a r g e r  c a r r i e r s  was 
not  s i g n i f i c a n t  i n  SMSA-to-SMSA t r a v e l ,  where poss ib l e  f i e 1  savings would have 
o r ig ina t ed .  The t a b l e  shows t h a t  SMSA-to-SMSA t r a v e l  accounts f o r  on ly  about 21% 
of demand' and energy i n  short-haul  i n t e r c i t y  t r a v e l .  I n  terms of  p o s s i b i l i t i e s  
f o r  modal s h i f t s ,  however, t h i s  f i r s t  s e c t o r  i s  important because t r a v e l  choices  
a r e  not  as overwhelmingly dominated by a u t o  as i n  s e c t o r s  I1 and 111. S h i f t s  away 
from air, f o r  e x q l e ,  can be  e f f e c t i v e  only  i n  Sec tors  I and I1 where t h e  a i r  
share  i s  l a r g e  enough t o  allow a measurable impact. Therefore t h e  only  modal 
s h i f t  which i s  of i n t e r e s t  i n  Sector I11 i s  au to  t o  bus. The f a c t  t h a t  about 
h a l f  o f  t h e  demand and energy use is  concentrated i n  t h i s  s e c t o r  i s  of  g r e a t  
s ign i f i cance  i n  t h e  u l t ima te  e f f ec t iveness  of  modal s h i f t  s t r a t e g i e s .  I n  p a r t i c u l a r ,  
t h e  combined a u t o  pena l ty  and bus improvement s t r a t e g i e s  w i l l  grow i n  importance 
r e l a t i v e  t o  t h e  Sec tor  I r e s u l t s  i n  Tables XXXV and XXXVI. 

The impacts of modal s h i f t  s t r a t e g i e s  i n  Sec tors  I1 and I11 were determined by 
analogy wi th  the ,  c l o s e s t  corresponding c i t y - p a i r  ca t egor i e s  i n  t h e  d e t a i l e d  SMSA- 
to-SMSA a n a l y s i s  descr ibed e a r l i e r  under Task 1. I n  t h a t  ana lys i s ,  SEA-pairs  were 
ca tegor ized  by d i s t ance  and by demand dens i ty .  Therefore,  it is  appropr ia te  t o  
d e t e m n e  modal s h i f t  impacts i n  Sec tor  I1 by analogy wi th  t h e  lowest-densi ty  SEA- 
p a i r s ,  and i n  Sec tor  I11 by analogy wi th  t h e  sho r t e s t -d i s t ance  SMSA-pairs. The 
v a l i d i t y  of t h i s  app roach i s  i l l u s t r a t e d  by t h e  fol lowing comparison of  1973 modal 
shares  i n  t hese  c i t y - p a i r  groups: 



DISTRIBUTION OF MODAL SHARES BY DISTANCE 

SUMMARIZES AVERAGE CHARACTERISTICS OF SMSA-PAIRS I N  EACH DISTANCE CATEGORY 

TRIP DISI ANCE-MI 



TABLE XXXI)! 

Short-Haul In te rc i ty  Travel Sectors 
, 1973 Data 

t 

Sector Coverage 

I. SMSA-to-SMSA 
67-500 m i  

11. Other In te rc i ty  
67-500 mi ,  

111. intercity 
0-67 m i  

Total In te rc i ty  
0-500 m i  

i 

Mode 

A i r  
Rail  
 US 
~ u t o  
Total 

A i r  
R a i l  
Bus 
Auto 
Total  

A i r  
Rai l  
BUS 

A U ~ O  

T o t a l  

A i r  
Rai l  
Bus 
A U ~ O  

Total 

Demand 
9 10 pass-mi 

12 655 
0.790 
1.709 

64.691 
79.845 

5 -677 
0.180 
1.169 

115.459 
122.485 , 

0.005 
0 550 
6.222 

200.623 
207,400 

18.337 
1.720 
9.100 

380.773 
409.730 

Modal Share 
% 

15 .9 
1.0 
2.1 

81.0 
100.0 

4.6 
0.0 
0.1 
- 94 *3  

100.0 

0.0 
0 3 
3 -0 

' 96.7 - 
100.0 

4.5 
0.4 
2.2 

92 .9 
100.0 

Energy 
1012 Btu 

118.37 
2.40 
2.31 

317.57 
440.65 

55.70 
0.66 

1.80 
526.32 
622.02 

0.09 
2.26 

13.62 
969.14 
985.13 

174.16 

5.34 

17 73 
1813.03 

2010.26 



MODAL SHARES - % 
Low Densi ty Short  Distance 

Mode Sec tor  I 
7 

SMSA-pair s Sector  I1 SMSA-pairs Sec tor  I11 

A i r  15.9 6.1 4.6 2.6 0 
R a i l  1.0 '0.1 0.1 2.6 0.3 
BUS 2.1 1.7 1.0 2 09 3 -0 
A U ~ O  81.0 92.1 94.3 91 9 96.7 

It can be  seen t h a t  modal shares  of t h e  low-density SMSA-pair group c o r r e s ~ o n d  
w e l l  w i th  t h e  Sec tor  I1 shares ,  and t h a t  modal shwes of t he  shor t -d is tance  SMSA- 
paPr group correspond w e l l  w i th  t h e  Sec tor  1.11 shares. I n  bo th .  cases ,  Sharps are 
~ i f p i f i c a n t l ~  dlf'ferent, ftom thooc in Sector  I, These d a t a  suggest t h a t  t h e  r e d i s -  
t r i b u t i o n  of modal shares  which occurs  when a modal s h i f t  s t r a t e g y  i s  implemented 
can  be conputed f o r  Seckor I1 from t h e  r e d i s t r i b u t i o n  which occurs  i n  the  low- 
d e n s i t y  SMSA-pair group. S imi la r ly ,  Sec tor  I11 s h i f t s  can be obtained from the  
shor t -d is tance  SMSA-pair group. S p e c i f i c a l l y ,  percentage changes i n  demand f o r  each 
mode were determined from t h e  appropr ia te  SNSA-pair group and applied t o  base l ine  
mndal demands i r ~  Sec tors  I1 and 111, I n  t h i s  way, e f f e c t s  on t o t a l  demand a s  w e l l  
a s  modal shares  could be c o r r e c t l y  simulated. The r e s u l t i n g  shares  f o r  each of  t h e  . .. . . .  
combined modal s h i f t  s t r a t e g i e s  descr ibed e a r l i e r  a r e  give!] i n  Table XL f o r  each 
o f . t h e  t h r e e  sec to r s ;  a t  t h e  bottom of  t h i s  t a b l e  a r e  t h e  f r a c t i o n s  of t o t a l  passen- 
ger-miles i n  each s e c t o r .  Regardless of  s t r a t e g r ,  i t  can be seeh t h a t  t h e  percentages 
of  demand i n  the t h r e e  s e c t o r s  a r e  about 2@, 30%, and' 5q0. 



STRATDCY MOML SlIAllE DIS'IRIBIITIONS BY SIIOHT-IIAIIL TRAVEL SECTOR 

2 

0.19b9 0.1978 O.2&3 0.1993 0.1932 0.2004 0.2015 0.2016 0.2030 0.2043 0.2055 0.1955 0.1968 0.1968 0.1984 0.19 0.2dI 
0.2989 0.289 o.2fn2 0.2866 0.2895 0.2842 0.2819 0.2e50 0.2817 0.2812 0.2779 0.2839 0.2814 0.2847 0.2812 0.2809 0.2~~4 

Sector 111 0.5062 0.5125 0.5145 0.5141 0.5173 0.5154 0.5156 0.5134 0.5153 0.5145 0.5166 0.5206 0.5218 0.5285 0.5204 0.5201 0.5222 

Vote 1: ( X )  indicates that potential bus time savings resulting from increased express bus service, Tor example, 
have been cnnoclled b slwer speeds required by 50-mph speed limit. 



Expanded S t a t i s t i c s  f o r  Combination S t r a t e g i e s  

F i n a l  comparisons of  t h e  combination s t r a t e g i e s  a r e  provided i n  Tables XLI  and 
X L I I  f o r  base l ine  and 70 percent  l oad  f a c t o r s .  These t a b l e s  a r e  analogous t o  
Tables XXXV and XXXVI, but  encompass a l l  short-haul  i n t e r c i t y  t r i p s ,  vhereas t h e  
e a r l i e r  t a b l e s  included only SMSA-to-SMSA t r i p s  above 67 miles  ( s e c t o r  I ) .  Simi la r ly ,  
Table XLIII provides a summary o f  t h e  energy savings a s  they  a r e  achieved by the  
t h r e e  mechanisms e f f e c t e d  by the  s t r a t e g i e s  considered. A s  before ,  it i s  t o  t h i s  
breakdown t h a t  a t t e n t i o n  should be d i r e c t e d  i n  o rde r  t o  app rec i a t e  t h e  energy 
savings achievable through modal s h i f t .  

Again, it i s  c l e a r  t h a t  t h e  dominant element i n  energy savings i s  t h e  suppression 
of demand except i n  t hose  anomn.lni~s cases where t h e  t oLa l  energy saving  i s  negat ive 
o r  smal l  ( s t r a t e g i e s  B,  C ,  and B' and c ' ) .  Where a. .'in-mph auto  cpccd l imi t  i s  
enl"orced, o r  where an a r t i f i c i a l l y  high a i r  load f a c t o r  i s  imposed, t h e  mode e f f i -  
c iency improvements combine wi th  t h e  demand-suppression e f f e c t  t o  overshadow f u e l  
savings a t t r i b u t a b l e  t o  modal s h i f t .  For t h e  case resulting i n  t h e  maximum t o t a l  
energy saving (S t r a t egy  111), t h e  modal s h i f t  con t r ibu t ion  i s  10% of  t h e  t o t a l  and 
2.11% of t h e  base l ine  energy. For t h e  case  r e s u l t i n g  i n  t h e  maximum saving due t o  
modal s h i f t ,  per  s e ,  ( c a s e  l o ' ) ,  i t s  con t r ibu t ion  i s  34% nf t o t d  and 3.85% uf' 
t l lc Lase l ine  energy. Even i n  t h i s  case ,  demand suppression accounts f o r  51% of t h e  
t o t a l  sav ing ,  t h e  remainder (15%) being t h e  r e s u l t  of t h e  enforcement of a r b i t r a r i l y  
h igh  a i r  load f a c t o r s .  

While t hese  a r e  t h e  p e r t i n e n t  r e s u l t s  with r e spec t  t o  t he  p o t e n t i a l  of modal . 

s h i f t  a s  a means of  conserving energy, it i s  informative t o  exa.mine d e t a i l s  of t h e  
e f f e c t s  of t he  var ious  s t r a t e g i e s .  For t h i s  purpose, it i s  u se fu l  t o  r e f e r  t o  
Tables X L I  and XLII which conta in  t h e  d e t a i l e d  r e s u l t s .  

The e f f e c t s  o f  modal s h i  ft. st rategiec on t o t a l  denmi~d .vary from a S.ltB.ll 

induced demand i n  S t r a t egy  B (2.5%) t o  a s u b s t a n t i a l  suppression of 14.4% i n  
s t r a t e g y  11; i n  general ,  demand i s  suppressed because au to  is  t h e  dominant mode 
(almost  9% i n  t h e  b a s e l i n e  c a s e )  and most of  t h e  s t r a t e g i e s  involve an  au to  
penal ty .  Modal shares  a l s o  va ry  s ign i f i cwn t ly ,  t , h e  ~ u t ~ r e m e s  f o r  cach mode o c c ~ u ' r i r ~  
e i t h e l -  i r l  S t r a t e g i e s  A and C where au to  and a i r  a r e  pena l ized  s e l e c t i v e l y ,  o r  i n  
S t r a t e g i e s  6 and 12 where combinations of  a u t o  and a i r  penal t i 'es  wi th  bus improve- 

ments c r e a t e  l a r g e  s h i f t s .  Thus, a i r  sha re  v a r i e s  between a low of  5.51% i n  C t o  a 
high of 9.83% i n  A; bus v a r i e s  between a low of 2.95% i n  C t o  a high o f  7.97% i n  
12; and auto v a r i e s  h?t.ween a low of  82.21% ,in 6 l u  a high of' y l . ~ U / o  i n  C.  Even 
though no r a i l  improvements were incorporated i n  t h e  combination s t r a t e g i e s ,  r a i l  
shares  a l s o  vary between a low of 0.41% i n  B t o  a high of 0.92% i n  11. 



TABLE XI.1 

COMD1PIF.D MOML SHIFT STRATEGY RESIL'IZ - ALL SHORT-I(AIIL ~4'fERCITY TRAVEL 

Baselltie Load Factors 

1(x) indicates that potential bus tine savings respiting !'ran increased express bus service, for example, have been cancelled by slaver speeds required by the 50 q h  speed l i m i t .  
llum, baseline bus times were used. 

All distances are i n  straight-line miles. 

All costs are in 1973 dollars. 

f Single-Mode Strategies Auto and RUS Strategies Auto, Bus, and Air E?re Surcharge Strateglee 
7 8 9 10 ll I 2  

X X X X 

LL--..- x X X 
X X X 

(XI (X.!. - X (XI (XI 
X X X 

466.723 474.774 '466.366 475.259 433.286 441.jgo' 
.0.0652 0.0631 0.0650' 0.0619 0.0768 0.0737 
0.- 0.0060 0.0068 0.0058 0.0@?2 0.0080 
0.0372 0.0613 0.0487 0.0820 0 . W  0.~797 
0.8908 0.8696 0.8795 0.8503 0.8660 0.8386 

. - .- - - -. . . . .. . - - - - 
41.9537 42.7503 46.1856 47.0653 44.70'78 4 5 . ~ 6 0  

12.2775 12.6076 11.4932 n.8640 ll.3738 1l.m 
- 0.8466 .- 1.1436 - . 1.0292 

- 6.9371 6.8332 6.3218 6.2396 

0.5833 0.5768 0.5651 0.5531 0.62l0 0.6089 

0.5833 -0.2698 T.5CQ2 6.2&7 6.9428 5.8193 

1888.539 1891.443 1942.152 1935.469 1754.322 1751.235 

Strat.egies 
5C MFW Auto SpeeC 

Auto Cost Increase 
5 ~ 4  Bus Fare Reduction 

Bus Time Reductlo?.. - 
21% Ai r  Fare Surcharge 

-8:-Riles ( 1 8 )  
Modal Shares: Air 

RaFlkMetro0.0037 
BW 
Auto 

mtal User Coat (103 $) 

~otd.UserTime(l@t?rr i )  

lbtal Bus Subsidy (109 8) 

m t a l  ~ u t o  cost 1ncrc-e (18 

lb t a l  Afr Surcharge ( 1 9  9.) 

Ret Increaee in Cov't 
Receipts (109 $) 

m t a l  m e g y  (1012 Btu) 

. . - .. . 

b9.i.30 
o . c W  

0.0222 
0.993 

3°.:.050 

?..?872 

- 

$) - 
- 

2010.:261 

E n e ~ y l n t e n s i t y ( l 0 3 B t u / ~ )  
k Improvement 

~ne?gy Saved ( l d 2  Btu) 
Actual 
6 
Demand-Nodized 
$ 

. 4.163 4.180 4.199 
2.61 2.21 1.75 

340.173 -5.342 57.285 
' 15. 2 -0.2 2.65 

56.:19 47.825 37.850 
2.63 2.21 1.75. 

. .. . . 

506.148 
0.0710 
0.0048 
0.0283 
0.8959 

43.1268 

12,3749 

2163.403 

L.906 4.274 4.140 4.079 4.261 4.169 4.163 4.083 
3.'14 4.57 0.32 2.47 2 . a  4.48 

2ll.752 207.691 156.363 162.422 340.170 341.899 
79 9.60 7.23 7.51 15.72 15.80 

6:.851 $38.934 6.878 53.5C6 56.519 96.961 
3.14 4.57 0232 2.47 2.61 4.48 

X .  
X 

X 
X . . .. - - . . -. . . - . . X 

438.005 518.868 501.520 
0.- 0.0678 0.0551 
o.co93 C . d l  0.0052 
0.0495 0.0589 0.0295 
0.84% 0.8692 0.9102, 

45.12:6 44.5462 42.6520 

ll.3491 12.7992 12.3698 

0.8920 - 
6.2397 - 

0.5419 

6.2397 -0.8920 0.5419 

1823.233 2168.745 2 1 0 6 . ~ 8  

4.036 3.984 4.164 4.072 4.&9 3.w 
5.33 6.79 2.57 4.72 5.27 7.18 

274.854. 271.962 221.2% 227.934 bg.OB1 hl2.168 
12.n 12.57 E1.23 10.54 18.91 .19.05 

l15.335 1b6.970 55.91 102.140 114.072 155.- 
5.33 6.79 2.57 h.72 5.77 7.18 

2 1 3 5 4 6 

X X X X 

x - ? -  x -  x - 
X X X 

X X (xI1 (XI (XI (XI 

471.391 479.484 471.063 480.020 438.005 446.158 
0.0838 0.0814- 0.0842 0.0805 0,og83 0.og49 
0.0062 0.0055 0.0062 0.0054 0.0083 0.0073 
0.0355 0.0583 o.dr63 0.0781 0.0456 0.0757 
0.8745 0.8548 0.8633 0.8360 0.8478 0.8221 

-- . - 
42.4272 43.2307 46.6248 47.5198 45.1236 45.9540 

12.2639 12.5912 ll.4830 ll.8539 ll.3491 ll.7082 

0.8129 - l.@5 - 0.9863 

6.8594 6.7678 6.2397 6.1663 

- 

- -0.8129 6.8594 5.6693 6.2397 5.1800 

1951.651 1955.712 2007.040 2000.981 1823.233 1821.504 --- 



TABLE XLll 

C O M B E D  K)DU SHIFT S'I'RA'LFGY RFSlrLS - ALL SHCRT-HAL& [NIFR.IrPI 'GAVEL 

7U$ Air Load Factor 

. . 
1(x) indicates that potential bus t h e  savings' resulting frm incressed express bus s e r ~ i c e ,  for example; have ?en cmcel l -4  by slrner speeds required by the 50 mph speed limit. 

Strategies 
50 MFti Auto Speed 
50$ Auto Cost Increase 
50$ BUS Fare Reduction 
10% Bus Tlme Re?uction 
215 Air Fare Surcharge 

-9.-Hiles (109) 
Hodal Shares: Pir 

Fail %Metro 
EUS 

Auto 

mtal m e w  ( l G 2  ~ t u )  

AU distmces are in straight-lint milee. 

A U  costs are i n  1973 dollars. 

(1973: 

409.739 
0 . M 3  
0.0037 
0.0222 
o.y21(3 

2010.261 

Energy Intensi t i  (I23 B t d ~ )  - 
ovement 

'Ene!gzved fi@ Btu) I 
Ac tun1 
!% 
m d  Nonb¶lizeS 
$ 

I980 
Paseline 

506.148 
0.0710 
0.0048 

,0.0283 
0.8959 

21~9.512 

4,188 
2.03 

43~891 
2.02 

43.891 
2.03 

Single Mode S t r a - q i s s  
A '  0 '  .. , 

X 
X 

X 
X - 

438.005 518.868 501.520 . 
0.098; 0.0679 0.0551 
0.0085 0.00hl 0.0052 
0.045t. 0.0583 0.0295 
0.84E. 0.8692 0.9102 

1'770.519 zU5.874 Z773.711 

4.042 4.097 4135 
5.43 4.14 3 2 6  

392.884 37.529 89.592 
18.16 1.53 4.15 

117.434 89.645 70.556 
5.43 4.14 3.26 

Auto and Hus S;ral.egies 
1 ' 2 ' 3 ' 4 '  T ' E ' 

X X - .  > 
---L.---l-.-- 

X X 
( x ) ~  (X) X X (X) :XI 

471.391 479.488 471.063 L80.020 43.3.005 446.158 
0 .~838  0.0814 0.0842 0.0805 . 0.0983 0.7949 
0.& 0.0055 0.0062 0.0054 0.0083 0.3073 
0.0255 0.0583 0.0463 Tt.0781 0.046 0.3757 
0.8745 0.8548 0.8633 0.8343 a.8L78 0.3211 

1903.372 19c81072 1958.560 15.53.821 1770.519 1764.-34 

Auto, Bus, and ALr Fare Surcharge Strategies 
7 ' 8'  9' 10' 11 ' 12 ' 

X X X X 
X X X X 

X X X 

(XI (XI X .  X (x) ( X I  
X X X X X X 

466.723 474.774 466.366 475.259 433.286 441.390 
0.0652 0.0631 0.0650 0.0619 0.0768 0.0737 
0.0068 0.0060 0.0068 0.0058 0.0092 0.0080 
0.0372 0.0613 0 .W7 0.0820 0.01r80 0.0797 
0.89~8 0.8696 0.8795 0.8503 0.8660 0.8386 

1852.790 1856.363 1906.580 1900.951 1715.223 1713.023 

4.038 3.979 4.158 4,070 e.242 3.?66 
5.53 6.w 2.73 . 4 . n  !.k3 7.20 

260.031 255.331 204.843 239.582 39Z..% 393.19 
12.02 l l .80 9.47 9.69 LE. 16 18.;0 

119.690 149.240 58.969 U3.233 11;. 134 15%-69 
5.53 6 . 9  2.73 4.77 243 . 7 . Z 0  

3.970 3.910 4.088 4.00 3.959 3.881 
7.12 8.53 4.35 6.42 7.38 9.20 - - . - - - . . - - - . - 

310.613 307.100 256.823 262.452 448.180 450.380 
14.36 14.20 u.87 12.13 20.72 20.82 

154.104 184.432 94.188 138.902 159.746 199.056 
7.12 8.53 4.35 6.42 7.38 9.20 



TABLE XLIII 

ANNUAL 1980 ENERGY SAVINGS DUE TO SUPPRESSION OF D m ,  
MODE EFFICIENCY IMPROVFMENTS AND MODAL SHIFT 

Total Energy 
Savings 
1o12 B ~ U  

0 
340.17 
-6.32 
57.28 
211.75 
207.69 
156.36 
146.68 
340.17 
334.09 
274. 86 
271.96 
221.25 
209.05 
409.08 
401.35 

43.88 
392.88 
36.56 
89.69 
260.03 

' 255.33 
204.84 
193.84 
392.88 
385.91 
310.61 
307.10 
256.82 
243.87 
448.18 
439.57 

Modal Shift 
% Total 

- 
-4.78 

- 
66.06 
-6.12 
8.97 
4.38 

. 25.16 
-4.77 
4.64 
12.30 
24. 28 
25.i.3 
39.23 
9.91 
17.26 

0 
-2.01 
125.10. 
21.43 
-3.60 . 
8.32 

' 5.13 
20.35 
-2.01 
5.86 
11. 41 
21.79 
22.26 
34.11 
10.17 
16.70 

t Savings 
% Baseline 

0 
-0.75 
2.17 
1.75 
-0.60 
0.86 
0.32 . 
1.71 
-0.75 
0.72 
1.56 
3.05 
2.57 
3.79 
1.87 
3.20 

0 
-0.37 
2.11 
0.89 
-0.43 
0:98 , 

0.89 
1.82 
-0.37 
1 .04 
1.64 
3.09 
2.64 . 
3.85 
2.11 
3.39 

Modal 
Shift 
1012 B ~ U  

0 
-16.24 
b6.87 
37.84 
-12.96 . 
18.62 
6.85 
36.9 
-16.24 
15.51 . 

33.82 
66.02 
55.59 
82.03 
40.54 
69.27 

0 
-7.91 
45.75 
19.22 
-9.35 
21.25 
10.51 
39.45 
-7.91 
22.60 
35.44 
66.91 
57.18 
83.19 
45.57 
73.41 

Su~pressed 
Demsnd 
1o12 B ~ U  

0 
283.63 
-53.19 
19.44 
1h3.91 
108.74 
149.51 
109.78 
293.63 
2k5.97 
159.55 . 
125.02 
165.66 
127.02 
295.00 
258.53 

0 
~75.b3 
- 52.14 
19.14 
140.35 
106.09 
~45.90 
107.21 
275.43 
238.99. 
156.53 

' 122.69 
162.62 
a24.76 
288.42 
252.89 ' 

Demand 
109 p-m 

506.15 
438.01 - 

518.87 
501.52 
471.39 
L79.49 
471.06 
b80.02 
438.01 
L46.16 
466.72 
474.77 
466.37 
475.26 
433.29 
441.39 

506.15 
438.01 
518.87 
501.52 . 
471.39 
479.b9 
471.06 
480.02 
438.01 
446.16 
466.72 
474 .77 
b66.37 
475.26 
b33.29 
4b1.39 

I 

Strategy 

Baseline 
A 
B 
c 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

~aseline' 
A '  
B' 
C'  
1' 
2' 
3' 
4' 

Energy 
1012 B ~ U  

2163.41 
1823.23 
2168.75 
2106.12 

, 1951.65 
1955.71 
2007.04 
2000.98 
1823.23 
1821.50 
1888.54 
1891.44 
1942.15 
1935.47 
175b. 32 
1751.21, 

2119.51 
, 1770.52 
2125.87 
2073.71 
1903.37 
1908.07 

i 1958.56 
1953.8a 

Energy Savings 
Reduced 
Autospeed 
1012 B ~ U .  

0 
72.78 
0 
0 .  

80.80 
80.33 ,. 
0 
o 

72.78 
72.61 
81.49 
80.92 

, o 
0 
73.54 
73.55 

0 
72.78 
0 
o 

80.80 
80.33 
0 
0 

72.78 
72.61 
81. 49 
80.92 

o 
0 

73.54 
73.55 

Due to: 
Increased 
Air. Effic. 
1012 B ~ U  

0 
0 .  
o 
o 
o 
o 
o 
o 
0 
0 
0 
o 
o 
0 
0 
0 

43.88 
52.57 
42.95 
51.32 
48.23 
.47.66 
48.43 . 
47.18 
52.57 
51.70 
37.16 
36.59 
37.01 
35.92 . 
40.63 
39.72 

5' 
6' 
7' 
8' 

1770.52 
1769.68 
1852.79 
1856.30 

9' 
10' 
11' 
12' 

,1906.58 
1900.95 
1715.22 
1713.02 



D i f f e r i n g  mode c h a r a c t e r i s t i c s  (speed, c o s t ,  e t c )  r e s u l t  i n  changes i n  t h e  
parameters  l i s t e d  i n  Tables XLI and XLII as  t r i p 2  a r e  s h i f t e d  among t h e  modes. 
Of s p e c i a l  importance a r e  t h e  energy paramet,ers which appear a t  t he  bottom of  each 
t a b l e .  Q u a l i t a t i v e l y ,  t hese  r e s u l t s  a r e  not  d i f f e r e n t  from those noted 
e a r l i e r  f o r  Sec tor  I; t h e  most e f f e c t i v e  s t r a t e g i e s  i n  saving energy a r e  those  which 
combine t h e  most pena l t ies .  and improvements, and inc reas ing  a i r  load  f a c t o r  t o  7% 
always produces an  a d d i t i o n a l  saving. Quan t i t a t i ve ly ,  however, t h e r e  a r e  some 
s i g n i f i c a n t  d i f f e r ences  between t h e s e  r e s u l t s  and those summarized.in Tables XXXV 
and XXXVI. 

A l l  s t r a t e g i e s  now r e s u l t  i n  improved energy i n t e n s i t y ,  b u t  s t r a t e g i e s  which 
p e n a l i z e  a i r  a r e  no t  a s  e f f e c t i v e  because t h e  a i r  share  i s  only about one-third 
o f  t h e  Sec tor  I value.  Conversely, au to  penal ty  s t r a t e g i e s  a r e  corisiderably more 
e f f e c t i v e  because a  l a r g e  number of s h i f t s  t o  bus occ1.m in Sectors  I1 and I11 where 
ai r  does not  compete as favorably  wi th  bus a s  i n  Sec tor  I. ' These i n t e n s i t y  improve- 
ments t r a n s l a t e  i n t o  s i m i l a r  improvements i n  energy saved, both a c t u a l  and demand- 
nol-nlalized. I n  add i t i on ,  t h e  l a r g e r  passenger-mile base i n  Tables XLI and XLII 
r e s u l t s  i n  much g r e a t e r  energy savings than  i n  Sector  I alone. The g r e a t e s t  ga in  i n  
energy saved occurs  i n , S t r a t e g i e s  A and 1-6. Those s t r a t e g i e s  i n  which t h e  a i r  
surcharge  i s  imposed a l s o  ga in ,  bu t  not  i n  percentam increa.se o r r m  t h e  basel-bna, 
except  'when both au to  p e n a l t i e s  a r e  included (11 and 12) .  

A p i c t o r i a l  comparison of  a c t u a l  energy saved by each s t r a t e g y  appears i n  
F ig .  22. This  c h a r t  shows t h a t  S t r a t e g i e s  A, 5, 6 , ' 1 1  and 12, a l l  of which incorpor- 
a t e  bo th  au to  p e n a l t i e s  (50 nrph speed l i m i t  and 50% a u t o  opera t ing  c o s t  i nc rease ) ,  
ach ieve  l a r g e  savings. S t r a t e g y  6, which adds the  bus f a r e  reduct ion  t o  t h e  au to  
p e n a l t i e s ,  increases  energy saved only  s l i g h t l y  because of induced demand. The 
margin between S t r a t e g i e s  5 and 6 and S t r a t e g i e s  11 and 12 i s  t h e  a d d i t i o n a l  
energy e f f e c t  of t h e  a i r  surcharge. 

  hat po r t ion  o f  t h e  t o t a l  energy saving which can be a t t r i b u t e d  t o  t he  modal 
s h i f t  e f f e c t  i s  shown i n  F ig .  22 by shaded b a r s ,  again emphasizing the  s m a l l  savings 
achievable  through t h i s  expedient ,  r e l a t i v e  t o  t h e  savings a t t r i b u t a b l e  t o  demand 
suppression and increased  mode e f f i c i e n c y  ., 
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Benefi t  /Cost Considerat ions 

A s  an ad junct  t o  t h e  s t r a t e g y  eva lua t ions ,  which have thus  f a r  centered  on 
f u e l  use i n  a  q u a n t i t a t i v e  way and on various f e a s i b i l i t y  cons idera t ions  i n  a  
semi-quant i ta t ive  way, a b e n e f i t l c o s t  ana lys i s  was performed t o  provide some i n s i g h t  
i n t o  t h e  p o s i t i v e  and negat ive  impacts of  s t r a t e g i e s  designed t o  emphasize f u e l  
sav ings .  This . ana lys i s  was based on t h e  UTRC procedure descr ibed i n  Ref, 67, and 
inc lude  only parameters f o r  which numerical v a l i e s  could be e s t a b l i s h e d  with 
reasonable confidence. .Most o f  t h e s e  parameters have been incorporated i n  p r i o r  
t a b u l a t i o n s  descr ib ing  t h e  var ious  s t r a t e g i e s .  They inc lude :  

Demand f o r  short-haul ,  i n t e r c i t y  t r a v e l  ( l o 9  $ )  

Tota l  u s e r  t ime ( l o 9  h r s  ) 

Required subs id i e s  ( l o 9  $1 

Number of f a t a l  i . t i . e~  

To ta l  e n e r a  ( l o L 2  Dtu) 

'Total  emissions ( l o 3  wtd. t o n s ) .  

Calcu la ted  values f o r  t h e s e  parameters a r e  presented i n  Tabie XLIV f o r  a l l  combina- 
t i o n  s t r a t e g i e s  i nves t iga t ed .  

While t h e  b e n e f i t / c o s t  ana lys i s  provided some perspec t ive  t o  t h e  a n a l y s t ,  i n  
t h a t  t h e  energy savings a s soc i a t ed  with t h e  r e spec t ive  s t r a t e g i e s  tended t o  be 
n e u t r a l i z e d  by o the r  cons idera t ions ,  t h e  r e s u l t s  of  t h e  ana lys i s  d id  not prove t o  
b e  conclusive.  That i s ,  no more d e f i n i t i v e  comparison of  a l t e r n a t i v e  s t r a t e g i e s  
could be gained through t h e  b e n e f i t / c o s t  a n a l y s i s  t han  w a s  a l ready  provided on t h e  
'basis  of' energy cons idera t ions  alone.  Furthermore, t h e  b e n e f i t l c o s t  technique is  
a b s t r a c t  and u t i l i z e s  judgmental f a c t o r s  which a r e  not  un ive r sa l ly  accepted by t h e  
t e c h n i c a l  o r  bus iness  community. I n  cons idera t ion  of  t h e s e  f a c t o r s ,  t h e  b e n e f i t /  
c o s t  ana lys i s  i s  not  f u r t h e r  d i scussed  wi th in  t h e  main body of t h e  t e x t .  For those  
r eade r s  who may .nevertheless  be  i n t e r e s t e d  i n  t h e  approach, t h e  a n a l y t i c a l  process  
i s  presented  i n  Appendix I V .  



TABLE XLIV 

ALl distances are  i n  s t ra ight- l ine miles. 

W 

. 

All  costs are i n  1973 dollars. 

'(x) indicates that potential bue time savings resul t ing from increased express bus service, for example, have been cancelled by slower speeds required by the 50 mph speed limit.  
Time, baseline bus times re re  wed. 

Auto, Bus, and Air Fare Surcharge Strategies 
7 8 9 10 U 12 

X X X . X 
X X X X 

X X X 

(x) (x) X X (XI (x) 
X X X X X X 

466.723 474.774 466.366 475.259 433.286 441.390 

41.9537 42.7503 46.1856 47.0653 44.7078 , 45.5160 

12.2775 12.6076 ll.4932 ll.8640 11.3738 11.7365 

0 . W  1.2466 0.bOO 1.5436 0.4000 1.4292 

n 7 8  n 5 9  7652 7583 64n 6425 

1888.539 1891.443 1942.152 1935.469 1754.322 1751.235 

818.548 826.323 812.049 8LB.863 748.447 755.031 

7' 8'  9 ' 10' ll! 12' 

1852.790 1856.303 1906.580 1900.951 in5.?1 i n 3 . w  

816.081 823.898 809.- 816.484 745.749 752.397 
I 

Strategles: 

1w 
Basexne 

Single Kode 'Strategies 
A B C 

50 mph Auto Speed 
5 6  Ruto Cost Increase 
5 6  Ehm Fare Reduction - 10$ Tlme Reduction 
21% Air  Fare Surcharge 

Auto and Bus Strategies 
1 2 3 4 5 6 

X 
X 

X 
X 

X 

438.005 518.86a ,501.520 

45.1236 +. 5462 42.6520 

11.3491 12.732 12.3698 

0 . W  1 . 2 9 0  0 . W  

€b22 8465 8529 

1823.233 2168.745 2106.118 

747.179 9 0 l . d  89.421 

A' B' C' 

. l o .  519 2125.874 2073 .m 

743.465 897.997 888.172 

-8.-ldiles '(109) 

Total User Cwt (109 $) 

Total 'Jser Time (lo9 Hrs) 

Subsidles (lo9 $1 

m t a l i t i e s  

Eaaellne Air Coad %tor 

m t a l  Energy ~ t u )  

W s s i o n s  ( l d  Wtd. mns)  

708 M r  Lard Factor 

mtal mergy (I* 3tu) 

W s s i c n s  ( i d  wtd. Tuna) 

X X X X 
X X X X 

X X X 
( x ) ~  (X) X X (x (x) 

471.391 479.484 471.063 .480.020 438.005 446.158 

@.&72 li3.2307 46.6248 47.519 45.1236 45.9540 

12.2639 12.5912 11 .4830 ' l l . 8539  U.3491 U.7082 

0 . b O  1.2129 . O . h O  1 . 4 9 5  O . W  1.3863 

7132 7120 7602 7543 6422 6385 

1951.651 1955.712 2007.040 2000.981 1823.233 1821.504 

816.631 824.845 810.284 817.733 747.179 753.392 

1' 2 ' 3' 4' 5 ' 6' 
. . 

1903.372 ' 1908.072 1958.560 1953.821 1770.519 1769.684 

813.237 821.492 806.867 814.417 743.465 749.743 

'j0C..148 

4;.u68 

l2.3749 

3.4000 

8UB 

2163.403 

888.794 

2 ~ 9 . 5 1 2  

B5 . 'n4  . 



POLICY ANALYSIS OF COMBINATION STRATEGIES 

The preceding a n a l y s i s  showed how t h e  most l i k e l y  indivi.dua1 s t r a t e g i e s  were 
a l t e r n a t e l y  combined wi th  each o the r  i n  order  t o  t e s t  t h e  p o t e n t i a l  f o r  even g r e a t e r  
energy savings. I n  eva lua t ing  these  combination s t r a t e g i e s  from a pol icy  perspec t ive ,  ..i 
primary at tent i 'on was given t o  overlapping o r  s y n e r g i s t i c  e f f e c t s ,  Matrices were 
developed, based on t h e  ana lys i s  of i nd iv idua l  s t r a t e g i e s  and r e l a t e d  p o l i c i e s ,  s o  a s  
t o  i l l umina te  such e f f e c t s .  A s  necessary, t h e  a n a l y t i c a l  procedure appl ied t o  t h e  
ind iv idua l  s t r a t e g i e s  was repeated.  Summaries were then  developed f o r  t h e  combined 
s t r a t e g i e s .  

Pol icy  Analysis 

Cumbination of t h e  . ind iv idua l  a i r ,  bus,  and auto s t r a t e g i e s  does not impose 
a d d i t i o n a l  r e s t r a i n t s  on implementation. It does, however, suggest  t h a t  c e r t a i n  
r e s t r a i n t s  m a y  b e  amplif ied.  I n  p a r t i c u l a r ,  f u r t h e r  ana lys i s  i s  requi red  t o  deter-  
mine t h e  c a p a b i l i t y  of t h e  i n t e r c i t y  bus indus t ry  t o  accommodate t h e  passenger- 
mi les  pro jec ted  under t h e  combination s t r a t e g i e s .  Analysis i s  a l s o  requi red  t~ 
determine whether t , h ~  Pncrmr caving3 ~ ~ e l l i e v e d  warrant t h e  p o l i t i c a l l y  d i f f i c u l t  s t e p  
of  imposing combined p e n a l t i e s  on air  and automobile t r a v e l .  These two i s s u e s  
a r e  discussed below. 

Diversion of  Passengers t o  Bus 

I n  t h e  absence of  s t r a t e g y  implementation, t h e  1980 ( b a s e l i n e )  bus passenger- 
rniles i n  short-haul markets were est imated t o  equal 14.3 b i l l i o n .  Implementation of , 

t h e  combination s t r a t e g i e s  would r e s u l t  i n i n c r e a s e s  i n  bus passenger-miles ranging 
from 1 7  percent  t o  1'72 g e r r c n t .  Ten of the twe11.t~-four s t r a t e g i e s  (cons ider ing  
bas e l i m  and 70 percent  l oad  f a c t o r  as sep~.rat.e a e t s  ) grnrzl-attr l n c ~ e a s e s  ~ I I  passenger- 
d l e s  ui' uver 100 pe rcen t ,  and e i g h t  of  t h e s e  increases  a r e  over 133 percent .  The 
magnitude of  t h e s e  d ive r s ions  t o  bus suggests  t h e  p o t e n t i a l  f o r  severe opera t iona l  
r e s t r a i n t s  on implementation. 

Evidence presented by t h e  bus indusLry during 1973 Congressional Hearings* 
i n d i c a t e s  t h a t  an inc rease  of 110% over c u r r e r l t  regular rouBe ( i l l ~ e r s t a t e )  and 51% over 
i ~ l ~ t . 1 1 L  regular-route  and c h a r t e r  ( i n t e r -  and i n t r a - s t a t e )  passenger-miles could be 
achieved wi th in  one yea r .  It was also nnt.cd t h a t  f u r t h e r  irlcreased.were poss ib l e  but  would 

"Statement by Charles Webb, Nat ional  Associat ion of Motor Bus Owners, i n  Hearing 
be fo re  t h e  Subcommittee on ~ r a n s ~ o r t a t i o n  o f  t h e  Committee on Public  Works, United 
S t a t e s  senate .  . 9 3 r d  Congress, f i r s t  session.  ~ e c e h b e r  11, 1973.  e ere after 
r e f e r r e d  t o  as  Hearings.)  



r equ i r e  more t ime,  f 'wther  f l e e t  augmentation, g r e a t e r  crowding and somewhat l e s s  
convenience i n  schedules.  In  view of t h i s  information,  and assuming t h a t  bus 
share  increases  i n  non-SMSA and sho r t  d i s t ance  markets a r e  t h e  same a s  f o r  SMSA- 
to-SMSA t r a v e l ,  it i s  expected t h a t  t h e  r i d e r s h i p  inc reases  pro jec ted  f o r  t hese  
s t r a t e g i e s  could be accommodated over t h e  s h o r t  term. Advanced planning of sched.ules 
and bus and d r i v e r  u t i l i z a t i o n  would c e r t a i n l y  be requires i n  order  t o  apply t h e s e  
s t r a t e g i e s  a s  contingency measures. 

The impl ica t ion  of t hese  indus t ry  p ro j ec t ions  i s  t h a t  1973 bus capac i ty  might 
be increased  51 percent  from 25.6 t o  38.6 b i l l i o n  passenger-miles,  f o r  t h e  e n t i r e  
i ndus t ry ,  and 110 percent  from 15.5 t o  32.6 b i l l i o n  passenger miles  f o r  t h e  i n t e r -  
s t a t e  segment. These gains  would r e s u l t  from increased  veh ic l e  u t i l i z a t i o n  i n  terms 
of bus miles  per  bus ,  increased  loadings (passenger-miles per  bus m i l e ) ,  some 
d ivers ion  of bus miles  from c h a r t e r  s e r v i c e  t o  regular - route  s e r v i c e ,  and t h e  expected 
annual production of 2650 buses.    ow ever, a s  previously s t a t e d ,  t h e  Class  I i n t e r -  
c i t y  bus f i g u r e s  a r e  more appropr ia te  i n  t h e  d e f i n i t i o n  of  short-haul i n t e r c i t y  
t r a v e l  adopted i n  t h i s  s tudy.  Therefore,  comparable f i g u r e s  f o r  1950 would be a * 
110% inc rease ,  from 1 4 . 3  t o  30.1 b i l l i o n  passenger mi les .  

Conditions i n  t h e  indus t ry  a r e  somewhat b e t t e r  now than  i n  1973. Passenger- 
miles i n  Class I r egu la r  rou te  s e r v i c e  increased  t o  16.3 b i l l i o n  i n  1975 and t h e  * * 
number of buses i n  1975 has increased  by about 500 s i n c e  1973. Consequently, t h e  
i n t e r s t a t e  regular-route  segment appears.  t o  be i n  a considerably b e t t e r  pos i t i on  t o  
meet i t s  110 percent  goal .  

The c a p a b i l i t y  of  t h e  indus t ry  t o  accommodate t h e  dramatic increases  i n  
passenger-miles r e s u l t i n g  from t h e  combination s t r a t e g i e s  hinges on t h e  e x t e n t ' o f  
any demand surges i n  t h e  long-haul market. I f  t h e  i ndus t ry . cou ld  e f f e c t  a 110 
percent  increase  i n  passenger-miles,  on a contingency b a s i s ,  then  a s  many a s  30.1 
b i l l i o n  passenger-miles would be a v a i l a b l e .  However, t h e  combination s t r a t e g y  
( s t r a t e g y  1 0 )  which causes t h e  g r e a t e s t  d ivers ion  t o  bus would r e q u i r e  39 b i l l i o n  
passenger-miles. 

The advantages of bus t r a v e l  i n  short-haul ,  a s  compared t o  long-haul,  markets 
make it reasonable t o  assume t h a t  d i v e r s i o r ~ s  t o  bus i n  long-haul markets w i l l  be 
s u b s t a n t i a l l y  l e s s  than i n  short-haul  markets.  As a r e s u l t ,  increases  g r e a t e r  than  
110 percent  could perhaps be added t o  t h e  short-haul  rou te s  on a contingency b a s i s .  
Therefore,  it i s  conceivable t h a t  t h e  indus t ry  could accommodate increases  i n  shor t -  
haul  passenger miles  without major scheduling and s e r v i c e  problems. 

* from Table XLI: 2.83% of  506.15 passenger-miles = 14.3 b i l l i o n  passenger-miles. 

**National Associat ion of  Motor Bus Owners, One Half Century o f  Serv ice  t o  America, 
1976, p.23. ( ~ o u t e  miles  served increased  by 200, while passenger loadings 
remained about t h e  same. 



Diversion of Passengers t o  Ra i l  

Curren t ly ,  t h e  a v a i l a b l e  seat-miles i n  t h e  e n t i r e  AMTRAK system a r e  est imated 
a t  around 3.3 b i l l i o n  ( ~ e f .  64 ) .  . In  t h e  Corporat ion 's  five-year p l an ,  an increase  
of 17 .9  percent  i n  a v a i l a b l e  seat-miles  i s  p ro jec ted  ( ~ e f .  6 5 ) .  This represents  
nea r ly  3.9 b i l l i o n  seat-miles  i n  1980 and i s  very c lose  t o  t h e  l a r g e s t  p ro jec ted  
d ive r s ion  i n  Table XL ( s t r a t e g y  11). While system-wide, t h e  seat-mile p ro j ec t ions  
may exceed t h e  t o t a l  short-haul  requirements of t h e  s t r a t e g i e s ,  ind iv idua l  rou te s  
may s t i l l  be unable t o  accommodate passenger surges I n  an energy-cr i s i s  s i t u a t i o n .  
The Corporation has ,  however, i nd i ca t ed  t h a t  i n  a  c r i s i s  s i t u a t i o n  it would opera te  
schedules which would otherwise be commercially imprac t ica l  and increase  t h e  
s e a t i n g  dens i ty  i n  i t s  new equipment. A standby plan has been arranged with t h e  
s e a t  manufacturer tan e f f e c t  t h i 3  l a t t e ~  upl ion.  Therefore,  it appears t h a t  pro jec ted  
r a i l  d ivers ions  can be accommodated. 

Combined Pena l t i e s  on A i r  and Auto Travel  

'l'he p e n a l t i e s  on a.i .r .and au to  t r a v e l  suppress short-haul  passenger demand i n  
a l l  t h c  combination s t r a t e g i e s .  As compared with t h e  b a s e l i n e ,  passenger-miles a r e  
reduced from 5 percent  t o  1 4  percent  dependine nn t h e  c t r a t c g y .  In Llle race 01 a 
severe  energy s h o r t f a l l ,  some such l i m i t a t i o n  on mobi l i ty  w i l l  have t o  be endured. 
However, t h e  degree of a c c e p t a b i l i t y  of t h e s e  l i m i t a t i o n s  on mobi l i ty  must be r e l a t e d  
t o  compensating f e a t u r e s  inc luding ,  bu t  no t  l i m i t e d  t o ,  saving energy. An attempt 
was made t o  examine such compensating f ea tu re s  i n  t h e  b e n e f i t l c o s t  ana lys i s  discussed 
e a r l i e r .  Unfortunately,  t h e  b e n e f i t / c o s t  a n a l y s i s  was not  capable of  r evea l ing  a 
d e f i n i t i v e  choice among s t r a t e g i e s  even though some reorder ing  of s t r a t e g i e s ,  from 
t h a t  based on energy savings a lone ,  i s  i nd ica t ed  i n  t h a t  a n a l y s i s .  In  broad terms,  
a  judgment must be made a s  t o  whether o r  not  demand suppression i s  an acceptable  
energy-saving measure. This study was not ,  addressed tan t h a t  quect ion,  s ince  i t s  
o b j e c t i v e  was t o  examine energy savings achievable through t h e  modal s h i f t  e f f e c t ,  
per  s e .  

Summary of Pol icy  Analysis f o r  Combination S t r a t e g i e s  

Table XLV summarizes t h e  p o s i t i v e  and negat ive impacts of  implementing each 
of  t h c  combination s t r a t e g i e s .  The nonquantif ied impacts included i n  Table XLV 
f o r  t h e  ind iv idua l  s t r a t e g i e s  have not  been r e i t e r a t e d .  In s t ead ,  summary i s  
aimed a t  de l inea t ion  of' t hose  e f f e c t s  p red ic t ab le  frcm t h e  Task 5 ana1ysi.s. 
Included i n  +.he su~~uaary ar t  impacts U L I :  passenger-miles t r a v e l e d ;  user  c o s t s  and 
t ime;  d i r e c t  f e d e r a l  revenues and expenditures,;  energy savings per  passenger-mile 
suppressed;  and gross  revenues o r  l o s s e s  t o  t h e  publ ic  modes. A l l  re.venues and 
l o s s e s  a r e  ca l cu la t ed  on t h e  b a s i s  of average revenue per  passenger-mile i n  t h e  
mode a f f e c t e d .  As such t h e  estimat.es a r e  rough and should be viewed i n  terms of 
order-of-magnitude. 



Two general conclusipns can be drawn from the summary of impacts. First, when 
federal expenditures.are required for direct subsidy of bus fares and/or for insti- 
tution of express bus service, the resulting revenue gains to the bus carriers can 
at least partially offset the requirements for federal monies. Secondly, twelve 
of the strategies result in significant reductions in the gross revenues of the air 
carriers. Based on the analysis in the previous section, it is likely that costs . 

'will decrease less than proportionally relative to the revenue reductions. Parti- 
cularly when fuel allocation is included in the combination strategies, the airlines 
would face a loss in revenue if load factors did not increase enough to compensate. 

.- . for reduced frequencies. 

A major result of the policy analysis, both of individual strategies and of 
selected combinations, is that most of the hypothesized energy-conservation measures 
could be implemented under what might be regarded as energy crisis conditions, though 
the term cannot be precisely defined. Exceptions are the institution of express 
bus services to reduce bus trip time, which will probably occur regardless of . 
energy conditions, and reductions in bus fares through government subsidy, which 
is possible under normal.energy conditions, though far more likely in a crisis. ' 

The remaining measures -- 50 mph auto speed limit, 50% increase in auto operating 
. . 

costs, 21% air fare surcharge, and 70% air load factor -- will most likely meet with 
considerable opposition from both consumer groups and political quarters. Similar 
measures, but at less stringent levels,.would have even less of an energy impact 
than' those examined herein. 

(~ext continues on p. 134) 



S t r a t e g i e s  P o s i t i v e  Impacts Negative Impacts 

12 Auto Speed Reduction 
Auto Cost . Increase  
Fus Fare Reducticn 
Bus Time Reducticn 
A i r  Fare Surcharge 

12'  With Fuel Al locat ion  

Autc Speed Reduction 
Autc Cost Increase  
Bus Time Reducticn 
Air  Fare S u r c h a r e  

21 pe rcen t  
With Fbe l  Al locat ion  passenger-mile of suppressed demand 

. with f u e l  a l loca%icn,  energy savings  of 6.2 x 113 Btu per  by 7 pe rcen t  
passenger-mile af suppressed demand 

. Bus passenger-miles increased by 4 5  percent ,  r e s u l t i n g  i n  
increased revenu?s o f  $375 m j l l i c n  

. R a i l  passenger-rrdles increased by €4 percent ,  r e s u l t i n g  i n  

- . . . - . - - -. i-nie.a-sed r e v e n ~ z f  !%-L LL~~,E .. -. ... . --- - . . -- - -  

. u Federal  revenues qf $6.85 b i l l i c n  from au to  and s i r  p e n a l t i e s .  
Bus f a r e  subsidy i s  $1.03 b i l l i o n ,  p lus  seed monzy fo r  express  
s e rv i ce .  

. Without fuel. a l l o c a t i o n ,  energy savings  o f  6 .4  x: 103 Htu per  
passenger-mile a. -cuppressed denend 

. w i t ) ,  f u e l  a l loccpt im,  savings of 7.0 x lo3 ~ t u  g ~ r  ppa.ssenger- 
mile of s u p p r e s s d  demand 

. Rus passen,:er-mi.?er; increased hhy 1115 prrcent .  It: an zvernr.e 
r a r e  per par;senp..r-nile, bus .rcvmllcr. wi l l  i n c r e r w  hy 1.2 

h i l l i o n .  

Ra i l  passenger-ndlea increased by 45 percent .  3evenues w i l l  
i nc rease  by $65 :n i l l i on .  

- Shor t -haul  passenger-miles of t r a v e l  reduced by 
1 3  percent  

. Average c o s t  p e r  passenger-mile increased by 
21 percent 

. Average t r a v e l  time pe r  passenger-mile increased 
by 9 percent  

. Air l ine  passenger-miles decreased by p percent  
A t  t he  average f a r e  per passenger-mile t h i s  
r ep re sen t s  l o s s  i n  revenue of $347 million. 



'PAII1,E ,XI..V (Cont ' d )  

SUMMARY OF IMPACTS FOR COMUINATION STMTEGIES (Cont . ) 
Negative Impacts 

. Short-haul passenger miles suppres,sed by 6 percent 

. Average cos t  per passenger-mile increased by 
6 percent 

. Airline passenger-miles decreased by 17 percent. 
A t  the average f a r e . p e r  passenger-mile, t h i s  
represents a loss  i n  revenue of $609 million 

. Average t r a v e l  time per passenger-mile increased 

by 9 percent 

. Short-haul passenger miles suppressed by 6 percent 

. Average cost  per passenger-mile increased by 
16 percent 

. Average t r a v e l  time par passenger-mile incree$ed 
by 2 percent 

. Airline passenger miles decreased by 18 percent. 
A t  the average fa re  per passenger-mile, t h i s  
represents a loss  i n  revenue of $664 million 

S t ra teg ies  

8 Auto Speed Reduction 
Bus Fare Reduction 
Bus Time Reduction 
Air Fare Surcharge 

8' With Fuel ALlocation 

10 Auto Cost Increase 
Bua Fare Reduction 
Bus Time Reduction 
Air Fare Surcharge 

10' With Fuel Allocation 

Positive Impacts 

. Federal revenues of $577 million, l e s s  expenditures for  bus 
. fa re  reductions ($ah7 million) and f o r  express bus service 

s tar t -up costs  

. without f u e l  a l locat ion,  energy savings of 8.7 x 103 ~ t u  
per passenger-mile suppressed 

. with fuel  a l locat ion,  savings of 9.8 x 103 ~ t u  per passenger- 
mile suppressed 

. Bus passenger-miles increased by 103 percent. Bus revenues 
vill increase by $857 million 

Rail passenger-miles increased by 17%.. Revenues w i l l  
increase by $25 million 

. Federal revenues of $7.4 b i l l i o n ,  l ess  exuenditures f o r  bus 
fa re  reductions ($1.14 b i l l i o n )  and for  express bus service 
s tai t -up costs  . 

. Without f u e l  a l locat ion,  energy savings of 7-4 x 103 ~ t u  
per passenger-mile suppressed 

. With f u e l  a l locat ion,  savings of 8.5 x lo3 Btu per passenger- 
mile suppressed 

. Bua passenger-miles increased from 172 percent. Revenues . 
v i l l  increase by $1.4 b i l l i o n  

'Ra i l  Passenger-miles increased by 13  percent. Revenues 
Increase by $19 million 



SIIFDWRY OF IMPACTS FOR (:OMI{LNA'CION S'l'RI\TE(;IEE (Cont. ) - I 
P 

b 

r 

Strategies  

9 Au:o Cost Increase 
Bus Time Reductlm 
A i r  Fare Surcharse 

9' Wi;h Fuel Allocation 

6 Auto Speed Reduc;ion 
Auto Cost. Increase 
Bus Fare Reduct5on 

. Bus Time Reduction 

6 '  With Fuel Alloca;ion 

-. 

Po m v e  ' ' I m ~ a c t s  

. Federal revenues of $7.5 b i l l ion ,  l ess  expenditures for express 
bus service.  s t i r t - ~ p  

. without fue l  aUocation, energy savings of 5.6 x 103 ~ t t .  
per passenger-nile silppress~d 

. With'fuel allocaticr. ,  savings of 6.5 x lo3 Rtu per passenger- 
mile suppresseC. 

. Rus passenger-dies  .increased by 59 percent, r esu l t ing  i n  
incressed rever ues c,f $b87 m i l  l ion 

. Rail  passenger-miles increased by 31 percent,  resul t ing in 
incressed r e v e r u e ~  c f  $hb million 

. Federsl re-renu~s of $6.2 b i l l i o n ,  l ess  expenditures fo r  reduced 
bus f i r e s  ($gObmillion) and for  express bus service star:-up 
cbs t s  

. Withoh f u e l  a l locat ion,  energv savings of 5.7 x 103 Btu per 
passelger-mile . s u ~ s s e d  

. with f i e 1  al locat ion,  savings of 6.6 x 103 ~ t u  per passenger-mi 
mile suppressed 

. Bus passenger-dles increased by 136 percent. Revenues 
w i l l  Lncrease bp. b.12 bi l l jon .  

. Rail passenger-&l?s increased by 3b percent. Revenues 
w i l l  increese b? $b9 million. 

. Airline p a s s e ~ r - m l l e s  Increased by 18-percent, r e s u l t i x  i n  
increased revemes of $653 million 

Negative Impacts 0 

. Sh.2rt-haul passenger-miles suppressed by 8 percent 

. Awrage cost  per passenger-mile increased by 
16. percent 

. Average t ravel  t.ime per passenger-mile increased 
by 1 percent 

. A i ~ l i n e  passenger-miles decreased by 16 percent. 
A t  the average fa re  per passenger-mile, t h i s  
represents a loss  i n  revenue of $573 million. 

Short-haul passenger-miles suppressed by 12 percent 

. ~ v e r a g e  cost per passenger-mile increased by 
21 percent 

. Average t rave l  time per passenger-mile increased 
by 7 percent 

., 



St ra teg ies  

-5 Auto Speed Reduction 
Auto Cost I n c e a s e  
Bus'Tine Reduction 

5 '  With Fuel AU3caticn 

7 Auto Speed Ikduction 
Bus Time Reduction - 
A i r  Fare Surcharge 

7' With Fuel Allocation 

* 

Positive Impacts 

. Federal revenues of $6.2 b i l l i o n ,  l e s s  expenditures 
for  expre,;s bus service s tar t -up costs 

. Without f . ~ e l  a l locat ion,  energy savlngs of 5 x 103 Rtu 
per passe.wer-mile suppressed 

. with f u e l  a l locat ion,  savings of 5.8 x 103 ~ t u  per passenger- 
mile suppressed 

. Bus passenger-miles increased by 39 percent, resul t ing i n  
increasee revenues of $328 million 

. Rail  passenger-miles increased by 50 percent, r esu l t ing  i n  
increased revenues of $71 million 

. Airline passenger-miles increased by 20 percent, resul t ing 
i n  increased revenues of $725 million 

. Federal revenues of $583.3 million, l e s s  expenditures fo r -  
express bus service s tar t -up costs 

. w i t  b u t  f u e l  a l locat ion,  energy savings of 7.0 x 103 Btu . 
per passenger-mile suppressed 

. with f u e l  a l locat ion,  savings of 7.9 x 103 Etu per 
passenger-mile suppressed 

. Pus passenger-miles increased by 21 percent, resul t ing i n  
increas2d revenues of $176 million 

. Rail  passenger-miles increased by 31 percent,  resul t ing in' 
increased revenues of $44 million 

Negative Impacts 

. Short-haul passenger miles suppressed by 13 percent 

. Average cost  per passenger-mile increased 21 
percent 

. Average t rave l  time per passenger-mile increased 
6 percent 

. Short-haul passenger miles suppressed by 8 percent 

. Average cost  per passenger-mile increased by 
5 percent 

. Average Travel time per passenger-mile increased 
by 8 percent 

. Airline passenger-miles decreased by 15 percent. 
A t  the average fa re  per passecger-mile t h i s  
represents a loss  i n  revenue of $561 million. 
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SWNARY OF IMI'A.:TX FOR COMI\INATTON .S'L7U\TEI:IES (Cont. ) N vl 
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I I 
W 

Negative Impacts F0s.i t ive Impacts P Strategies  '3 

I ~ u t o  Speed Reduction . w i t b u t  f u e l  ~ U o c a t i o n ,  energy savings of 6.1 x 1.03 ~ t u  per 
Bus Time Reduction passsnger-mile suppressed . 

I l' With Fuel Allocation 

2 Au;o 'Speed Reduction 
Bus Fare Reduction 
Bus Time Reduction 

1 2' With Fuel ALloce:ion 

. With fue l  a l l m a t i o n ,  savings of 7.5 x 1d M;u per passenger 
mile suppressed 

. Bus passenger-niles increased 17 percent,  reslrlting i n  
increased revewes of tll10 n i l l i o n  

. Rail  passenger-miles increased 20 percent,  r e s l l t i n g  i n  
increased reveIu-Ds c.f $29 million 

. Airline p a s s e n g e r - d e s  incrreased 10 percent,  - e ~ u l t i n a  in  
increased revemues of $363 million 

, W i t h a t  f u + l  al locat ion,  enzrgy savings o" 7.8 .x 103 V t c  per 
passenger-mile suppressed 

. with f u e l  a l locat ion,  savin<s of 9.6 x ~d ~ t c  per passenger-' 
mile suppressee 

. . 

. Bus passenger-dles'  increased 9: percent. Bus revewles 
w i l l  Lncreese b $731 millicn 

Rail passenger-miles increased by 9 percent. Rsvenues 
w i l l  increase b:; $12 millioc 

. Fede'ral expenditures fo r  express bus service' 
s:art-up costs  

, Short-haul passenger-miles suppressed b y 7  percent 

. Average cost  per passenger-mile increased 
6 percent 

. Average t rave l  time per passenger-mile increased 1 

. Federal expenditures f o r  reduced bus fa res  
($161 Million) and for  express bus service s t a r t ;  
up costs  

. Short-haul pa-ssenger-miles suppressed by 5 percent 
- I . Average cost  per passenger-mile increased 6 percent I 

. Average t r a v e l  time per passenger-mile increased 
7 percent 1 , , 1 Bus i d  of' 1 l i o n  . 1, , , ;, 1 

Air l iae passenger-miles increased by 9 p e c e n t ,  resul t ing 
i n  increased re-eaues of $315 million 

-- 



-- 

Negative Impacts 

. Short-haul passenger miles suppressed by5 percent 

. Average cost  per passenger-mile increased by 
16 percent 

. Average t rave l  time per passenger-mile 1n;reased 
1 percent 

. Short-haul passenger-miles suppressed by 7 percent 

. Average cost  per passenger-mile increased by 
16 percent 

S t ra teg ies  

> Auto Cost Incresse 
Bus Fare Reduction 
Bus Time Reduction 

. . 
i' With Fuel Allocation 

3 Auto Cost Increase 
BUE Time Reduction 

3' With Fuel Allocation 

. . 
k'ositivi lmpacts 

. Federsl revenues of $6.8 b i l l i o n ,  l e s s  cxpendil;ures fo r  
reduced bus fares  ($1.1 b i l l i o n )  and for  express bus service 
s tar t -up costs 

. 'dithout f u e l  a l loca t ion ,  energv savings of 6.2 x 103 I ~ t u  per 
passenger-mile suppressed 

. With %el  al locat ion,  savings of 0.0 x 103 Btu per passenger- 
mile .suppressed . 

Bus passenger-miles increased 162 percent. Revenues w i l l  
increase by $1.34 b i l l i o n  

 ail passenger-miles increased by 7 percent. Revenues 
- d i l l  increase by $10 million 

. Airl'ne passenger-miles increased hy 8 percent, r esu l t ing  i n  
increased revenues of $276 million -- 

, . Federal revenues of $6.9 b i l l i o n ,  l e s s  expenditures fo r  
express bus service s ta r t -up  costs  

. without f u e l  a l locat ion,  energy savings of h . 5  x ,103 Rtu per 
passenger-mile suppressed 

. With f u e l  .a l locat ion,  savings of 6.0 x lo3  Btu per passenger- 
mile suppressed 

. Aversge t r a y e l  time per passenger-mile decreased by 1 percent 

. Bus passenger-miles increased by 52 percent, r esu l t ing  in  
. i n c ~ a s e d  revenues of $L34 million 

: Rail  passenger-miles increased by 20 percent, resul t ing i n  
increased revenues of $29 million 

, Airline passenger-miles increased .by 10 percent,  resul t ing in 
increased revenues of $300 million 



CONCLUDING REMARKS 

A summary of t h e  maximum energy savings which might r e s u l t  from implementation 
of t h e  two most severe combinations of i nd iv idua l  s t r a t e g i e s  examined i n  t h e  study 
i s  given i n  Table XLVI. The impact of t h e s e  s t r a t e g i e s  on t o t a l  passenger miles  
i s  a l s o  presented t o  provide perspec t ive  i n  t h e  concurrent s h i f t s  and changes i n  
t r a v e l  demand. 

The maximum modal s h i f t  energy saving f o r  t h e  most severe combination of measures 
(S t r a t egy  l*') i s  approximately 83 x 1012 Btu/Yr, o r  3.8% of t h e  short-haul f u e l  
consumption, 0.44% of a l l  f u e l  consumption i n  t r anspor t a t ion ,  and 0.23% of t o t a l  
U. S. petroleum use. (No ind iv idua l  s t r a t e g y  would provide a n  energy saving grpa.t,pr 
than  43 x 1012 ~ t u / ~ r .  ) A concurrent reduct ion  t n  o v e r a l l  annual t r a v e l  demand o f  
approximately 31 b i l l i o n  passenger miles  would r e s u l t  from implementation of  t h i s  
combination of s t r a t e g i e s .  The a d d i t i o n a l  imposition of a 50-rsph speed l . i m f t  o n . a l l  
highway t r a v e l  (S t ra tegy  1 2 ' )  would reduce t r a v e l  demand by an add i t i ona l  34 b i l l i o n  
passenger miles .  However, t h e  add i t i on  of t h i s  measure would reduce t h e  energy savings 
a t t r i b u t a b l e  t o  modal s h i f t  t o  approxinlately 73 x' 1012 Btu/Yr and would a c t u a l l y  cause 
a s h i f t  from autos and buses t o  air  and r a i l  modes. The suppression of o v e r a l l  t r a v e l  
demand by t h e  ex ten t  ind ica ted  i n  t h e  t a b l e  would have a severe impact on t h e  o v e r a l l  
economy . 

The maximum p o t e n t i a l  savings r e s u l t i n g  from modal s h i f t s  a r e  small r e l a t i v e  t o  
t h e  savings which might be r e a l i z e d  from o the r  ac t ions  which can be pursued by t h e  
Government o r  i ndus t ry ,  o r  from s t r a t e g i e s  o the r  than  modal s h i f t  inducements which 
might be implemented t o  accommodate f i t u r e  c r i s i s  s i t u a t i o n s .  

Because of t h e  small  savings ind ica t ed  by t h e  s tudy,  and t h e  inconclusiveness 
of t h e  cos t /bene f i t  a n a l y s i s ,  t h e r e  appears t o  be l i t t l e  j u s t i f i c a t i o n  f o r  recommending 
a d e l i b e r a t e  modal s h i f t  approach. Implementation of t h e  most e f f e c t i v e  combination of 
s t r a t e g i e s  i s  not bel ieved t o  be  p o l i t i c a l l y  acceptab le ,  e spec i a l ly  i n  l i g h t  of t h e  
s m a l l  p o t e n t i a l  be@fi , ts .  S t r a t e g i e s  incorporat.ing e i t h e r  a fewer number of t h e  messurcs 
enumerated i n ' t h e  t a b l e ,  i nd iv idua l  measures, o r  o t h e r ,  l e s s  severe measures would r e s u l t  
i n  even l e s s  energy savings.  

Notwithstanding t h e  f a c t  t h a t  energy savings from modal s h i f t s  per  s e  a r e  small i n  
l i g h t  of t h e  s e v e r i t y  of s t r a t e g i e s  t o  e f f e c t  such savings,  an assessment of t h e  r e l a -  
t i v e  p r a c t i c a l i t y  of implementing t h e  ind iv idua l  measures selected f o r  the ~nmbina t ion  
s t r a t e g i e s  was performed t o  h igh l igh t  p o t e n t i a l  problems i n  a r eas  of controversy. 
Table X L V I I  summarizes t h e  major f a c t o r s  and problems considered i n  t h i s  assessment. 



TABLE XLVI 

WACTS OF MOST SEVERE MODAL SHIFT STRATEGIES 

Short-Haul Passenger Miles ( lo9)  * 

Short-Haul Energy Consumption ( 1012 ~ t u )  

Mode , 

I 
I 

I 

Auto 

I 
.4ir 

Bus 

. . 
I iai l  

Total 

Baseline Data 

, . 

Combination Modal S h i f t  Strategy 

1973 

. . 
380.8 

18.b 

9 .1  

1 .5  

bog. 8 

Baseline 
1980 

b53.5 

35.9 

. l b . 3  

2.11 

506.1 

10' 

505 auto cost  increase 
' 505 bus f a r e  reduction 

10% bus time reduction 
21% a i r  f a r e  surcharge 
70% a i r  load f ac to r  

With 
Strategy 10' 

40b. 1 

29. 11 

39.0 

2.8 

475.3 

12' 
50 mph speed limit 
50% auto  cos t  increase 
50$ bus f a r e  reduction 
10% bus time reduction 
21% a i r  f a r e su rcha rge  
70% a i r  load f ac to r  

Change from 
Baseline 

-L9.b 

- 6.5 

24.7 

O . b  

-30.8 

With 
Strategy 12'. 

. 370.2 

32.5 

35.2 , 

3.5 

b111. 4 

Change from 
Baseline 

-83.3 

- 3.1; 

20.9 

1.1 

-64.7. 



TABLE XLVII 

Strategy 
Blicy Option 

Surcharge on Short-Haul . 
Air Fares 

Re3uce h t o  Spee6 to 50 mph 

--Fe5eral legislation 

Increase Efficiescy of Air 
lrevel - (702 Loai ~actar) 

Increase Auto Operating 
Costs by 5@. 

--Increase gasoline tax 
$. >b per gallon 

Deregulation currently dom- 
inates legislative considera- 
tion of the airline Industry 

Implementation Considerations 

--Opposition Prom those 
seeking lower fares 

Legislative, Political 
and Regulatory 

--ranger of penalizing air 
travel duriw period of 
industry flnmcj ~ 1 .  rc- 
s truc turiq 

Operational and 
Econdc 

Difficulty of pensliziryl. one 
mode to the advantage of 
others 

--Iclerrtificatior: in current 
law of prmotion of air 
travel as goal of aviation 
pOli c;. 

Suppression of demanc! 
may t'urther weaken the 
lndus try 

--Possibility of rebate to 
'carriers to prevent fin&?- 
cia1 deterioration 

Declining surcharge is 
preferable to fixel 

--'mer cost 

--Eliminate discontInQity 

Major opposi'tior: d l 1  come 
fro= the truckirg industry 

Difficulty ir! imposirg a 
ljni'azinn or: mobility 

Requires s t r o ~  federal 
accion 

Enforcement problems may 
significantly undermine the 
strategy's impact 

Increased safety w p  field 

Disruption of complex 
airline f i c h e d u l i r ~  

~eduition in airline 
emp1oymer.t 

Probable increase In 
breakeven load factor 

Strong pro-automobile lobby 
would oppose such a drastic 
increase 

I ~ifficulty in imposing 
, limitation on mobility 

Because of its regressive 
character, lower incane 
groups would be more 
ocwrcly  affrrt .rd 

Industry and regional 
dependence on auto 

Inflation and changing price 
elasticities will decrease 
the impact of a fl8t tax 
over time 



TABLE XL1lII (Cont ' d )  

S z r a t e ~ r  
%lit:.- 3ptior. 

Reduce Bus Travel i'lme by 10dp 

--Federal l e g i s l a t i o n  
allokir.. d i f f e r e n t i a l .  
speed f o r  t rucks and 
buses 

--DeeicateE 5us ( a ? ~  car -  
pool)  l anes  a t  ci:y end- 
p o i c t s  c r  oz i n t e r c i t y  
rou tes  

--Greater express bus se rv ice  

--..= -..- F ~ E  I;.E?~C:~O:. cf 50.; 

--Ir.a5irect sl?':siEies t o  
passergerr  (incoz~e t a x  
~ € 6 . .  -,c=ior.s c r  re.2azes) 

--Mrec: suSsidizat ion of : 

f a r e  s 

Impleme~tat ion 
Legis la t ive ,  P o l i t i c a l  

and Regulatory 

This uas considered and 
' re jec ted  f o r  s a f e t y  reasons 

under the s h o r t f & l  condi- 
t i o n s  of 1973-1374 

• The o v e r a l l  o r i e n t a t i o n  of c i t y ,  
s t a t e ,  and ever. f e d e r a l  highway 
people remains i n  f w o r  of maxi- 
mization of  vehicle  (as  opposed 
t o  passenger) throughput 

8 

Growing recognit ion of bus 
indus t ry  may r e s d t  i n  
demor,stratior. p r o j e c t s  

I2 some cases,  may requi re  
I C C  app-ro;ml t o  s k i p  i n t e r -  
mediate po in t s  

• Strorg l e g i s l a t i v e  oppositior. 
ca-. be expec:eE or: the  b a s i s  
of in te r fe rence  wi t ) :  f r e e d m  

. of choice 

P o s s i b i l i t y  of subsidizing , 

mobil i ty  a s  opposed t o  f a r e s  

Growing momentum i n  Congress 
and the  Executive f o r  p r i v a t e  
market so1utior.s. This i s  
compounded by the h i s t o r i c  
abj  1 i t.y of t h e  carriers t o  
pro..-lde e s s e z t i a l  transporza- 
 tic^ se rv ices  without publ ic  
support. 

--Lessons of the  pas t  ind ica te  
t h a t  t ry ing  t o  balance 
i n e q u i t i e s  (e.g., Amtrak 
competition) through more 
subs id i ty  tends t o  c rea te  
f u r t h e r  imbalance . 

- -Po ten t ia l  f o r  an i n i t i a l l y  
modest spending program t o  
grow a t  e ~ o n e n t i a l  r a t e s  

--Industry concern t h a t  sub- 
s i d i z a t i o n  of  f a r e s  may be 
l inkcd t o  r e g u l a t o r j  changes 
(such a s  increased report ing 
requirements, and s o  f o r t h )  

Considerations 
O p e r a t i o n .  a .d  

Economical 

• Bus lanes  a t  c i t y  end- 
po in t s  w i l l  decrease 
t r a v e l  t h e  p r i m a r i l : ~  , 
d u r i r ~  rush hour. Tne 
1@$ decrease i s  not  
l i k e l y  t o  be achieveE 

On most rou tes  express 
se rv ice  wll l  never catch 
on with s u f f i c i e n t  load 
f a c t o r  t o  provide even 
normalized energy savings 

On same high t r a v e l  dens i ty  
rou tes  express s e n i c e  c m l d  
probably become s e l f -  
sus ta irdng.  

I 
I 

• AdrrirLstrative Cost 

May not be perceived a s  a 
f a r e  reduct ion by pafrozs 

Due t o  characteristicall::  
lower-incame patrocs,  t h i s  
may imply a negative incame 
tax  

Reservations of the  bus com- 
panies  include the  operating 
requirements t h a t  may be 
imposed by a c c e p t i x  suSsidy 

Administrative con t ro l  may be 
impossikle withir. 

the  e x i s t i n g  r e p l a t o r y  
framework 

--Cross subsi&ization of 
rou tes ,  s e n d c e s ,  8r.d 
geographic a reas  

--Over 900 c a r r i e r s  rangin& 
i n  s i z e  .fion; ."PICA m d  Fh" t o  
Greyhound Lines a . d  se r l l r& 
over 15,000 c i t i e s  

- - Inef f ic ienc ies  a r e  harbore? 
. by f e d e r a l  and s t a t e  

subsidy 
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APPENDIX I 

DESCRIPTION OF SIMULATION.PR0GRA.M 

The culmination of  t h e  methodology t a s k s  was t h e  programming of a  computer model 
by which t h e  e f f e c t s  of modal s h i f t  s t r a t e g i e s  could be s imulated.  The bas i c  elements 
of t h i s  model a r e  t h e  in t e rc ' i t y  'demand and modal s p l i t  models developed a t  UTRC ( ~ e f .  
3 ) .  Using da t a  from Tasks 3 and 4 above, adapta t ions  t o  t h e  mode'ls were made t o  
accura te ly  r e f l e c t  t r a v e l e r  c h a r a c t e r i s t i c s  and energy i n t e n s i t i e s  of i n t e r c i t y  t r a v e l  
a t  d i s t ances  i n  t h e  6-500 mile  range. The s imulat ion program was then appl ied  t o  t h e  
48 c i ty -pa i r s  i d e n t i f i e d  i n  Task 1 a s  r ep re sen ta t ive  of t h e  var ious  ca t egor i e s  of 
short-haul t r a v e l .  Appropriate da t a  d e s c r i p t i v e  o f  or ig in-des t ina t ion  t r i p s  by each 
mode on each of t hese  48 rou te s  came from Task 2. I n  order  t o  g ive  a f u l l  account 
of t h e  func t iona l  operat ion of t h i a  s imula t ionprogram,  an example i s  provided here  
f o r  a  s i n g l e ' c i t y - p a i r ,  De t ro i t  t o  F t .  Wayne. As shown i n  Table IV, t h i s  c i t y -pa i r  
r ep re sen t s  a  category c o n s i s t i n g  of seven c i t y - p a i r s  i n  t h e  s h o r t e s t  d i s t ance  range 
(67-150 m i l e s ) ,  without r a i l  s e r v i c e ,  and comprising 0.54% of a l l  short-haul  i n t e r c i t y  
pass .  -miles. 

Since De t ro i t  i s  a .major  SMSA, it was divided i n t o  four  zones i n  o rde r  t o  repre-  
s en t  t h e  access/egress  por t ions  of t r i p s ,  wherease F t .  Wayne could be adequately des- 
c r ibed  by a  s i n g l e  zone. As depic ted  i n  F ig .  A-1 ,  t h e  De t ro i t  zones were def ined  on 
t h e  b a s i s  of p o l i t i c a l  boundaries.  The f i r s t  zone was t h e  c e n t r a l  business  d i s t r i c t  
( C B D ) ,  a s  def ined i n  t h e  1970 census, and t h e  second zone included t h e  remaining 
a r e a  wi th in  t h e  c i t y  l i m i t s .  The o the r  zones, which were determined by county l i n e s ,  
extend t o  the '  boundaries of t h e  SMSA west and nor th  of t h e  c i t y ,  each incorpora t ing  
two of t h e  four  count ies  i n  t h e  SMSA. 

I n  Fig.  A-1,  c i r c l e d  numbers denote t h e  populat ion c e n t r o i d s ' o f  each zone., and 
t h e  loca t ions  of  public-mode te rmina ls  a r e  i nd ica t ed  by t h e  l e t t e r s  R f o r  ra i l  and 
B f o r  bus,  and by t h e  word a i r  f o r  a i r p o r t s .  Although au to  t r i p s  do not  involve 
access/egress  segments i n  t h e  conventional sense ,  cordon poin ts 'were  e s t ab l i shed  t o  
separa te  l o c a l  from i n t e r c i t y  po r t ions .  Two such cordon po in t s  were defined f o r  
D e t r o i t ,  one through which t r i p s  t o  t h e  West would flwo ( t o  Kalamazoo/Battle Creek, 
Chicago and F t .  ~ a y n e ) ,  and one through which t r i p s  t o  t h e  South would flow ( t o  
 levela and).. Also shown on Fig.  A-1 a r e  t h e  major highways which l i n k  t h e  zone cen- 
t r o i d s  t o  t h e  te rmina ls  and cordon,poin ts  most 1,ikely t o  be used i n  each case. 

To ta l  demand f o r  i n t e r c i t y  t r i p s  i s  computed i n  t h e  UTRC nodel  ( s e e  Ref. 3 )  
using populat ion and d i s u t i l i t y  as bas i c  determinants ,  t oge the r  with t h e  d i l u t i n g  of 
t r a v e l  propensi ty  according t o  t h e  number of a l t e r n a t i v e  des t ina t ions  and t h e i r  
r e l a t i v e  a t t r a c t i o n s .  In  t h e  case of Detroi t -Ft .  Wayne t r i p s ,  each of t h e  fou r  
De t ro i t  zones accounts f o r  a  d i f f e r e n t  percentage of t h e  t o t a l  demand. This  a l l oca -  
t i o n  of t r i p s  was made independently f o r  business  and personal  t r a v e l e r s  depending 
on t e h  d is t r ibu t i .ons  of res idence ,  employment, and hotel /motel  accommodations i n  
each zone, a s  descr ibed i n  Task 2 of t h e  main t e x t .  
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Measurements were made on t h e  D e t r o i t  SMSA map t o  determine t h e .  access  d is tances  . 
from zone cent ro ids  t o  te rmina ls  and cordon po in t s .  Furthermore, appropr ia te  speeds 
were appl ied  t o  t h e  urban, surburban, and highway segments of  t h e s e  access  t r i p s  t o  
compute access t imes.  Thus, t h e  t ime,  c o s t ,  and energy expended on access /egress  
por t ions  of  all t r i p s  could be determined. These ca l cu la t ions  were based on t h e  
assumption t h a t  all access i s  by automobile. Although t h i s  assumption appears t o  
make access/egress  t r i p s  energy-intensive compared t o  t h e  use  of  bus o r  ra i l  t r a n s i t ,  
a l a r g e  f r a c t i o n  of a i r  access t r i p s  a r e  made by auto and t a x i ,  and access  t o  r a i l  and 
bus te rmina ls  i s  of ten  by auto dropoff which is  equiva len t  t o  two auto  t r i p s .  

The complete computation f o r  Detroit-F't. Wayne t r i p s  involves four  zone-pairs an'd 
f i v e  te rmina l -pa i rs  ( s e e  Table X) t o  complete t r i p s  by bus ,  au to ,  T/LS a i r  and 
commuter a i r .  (-There i s  no r a i l  s e r v i c e  between these  c i t i e s . )  A p a r t i a l  summary, 
based pr imar i ly  on a s i n g l e  zone-pair, i s  provided i n  Tables A-I  and A - I 1  t o  i l l u s -  
t r a t e  t he  process of  analyzing ~ i t ~ - ~ a i r s '  zone by zone, summing t h e  r e s u l t s  of  t hese  
ca l cu la t ions  t o  complete t h e  c i ty -pa i r  ana lys i s ; .  and then  expanding t h i s  r e s u l t  t o  
account f o r  all seven c i ty -pa i r s  i n  t h e  category represented  by t h i s  s p e c i a l l y  chosen 
c i ty -pa i r  . 

Table A-I  i s  a summary of  p e r t i n e n t  d i s t ance ,  t ime,  and cos t  c h a r a c t e r i s t i c s  f o r  
t r a v e l  between D e t r o i t ,  Zone 3 and F't. Wayne, Zone 1. It i l l u s t r a t e s  t h a t  Det ro i t -  
Ft. Wayne ca l cu la t ions  were disaggregated by: zone-pair, d i r e c t i o n  of  t r a v e l ,  mode 
of t r a v e l ,  t r i p  purpose (business  and pe r sona l ) ,  t e rmina l -pa i r ,  and access/egress  
and l ine-haul  segments. The f i n a l  column ind ica t e s  t h e  d i s u t i l i t y  o f  t r a v e l ,  which 
i ,s  t h e  b a s i s  on which t h e  UTRC modal-split  model a l l o c a t e s  passengers among t h e ,  com- 
pe t ing  modes. Resul ts  of t h i s  modal-split  c a l c u l a t i o n  a r e  shown i n  Table A - I 1  f o r  
t he  i l l u s t r a t i v e  zone and f o r  t h e  e n t i r e  ~ i t ~ - ~ a i r .  I n  t h i s  case ,  au to  dominates t h e  
market and d i f fe rences  i n  modal sha re  and bus iness /personal  sha re  between t h e  zone 
and t h e  e n t i r e  c i t y -pa i r  a r e  small .  

I n  t h e  n e x t . p a r t  of t h e  c a l c u l a t i o n ,  energy use i s  computed t o  t h e  same degree 
of  disaggregat ion ind ica t ed  e a r l i e r .  A f i n a l  summary is provided i n  Table A - I 1  
which presents  r e s u l t s  f o r  t h e  e n t i r e  c i t y -pa i r  by mode of  t r a v e l  and f o r  t h e  access/  
egress  and l ine-haul  segments. . Based on t h e  t o t a l s  i n  t h e  f i n a l  t h r e e  columns o f  
t h i s  t a b l e ,  it i s  seen t h a t  au to  t r a v e l  accounts f o r  almost 97% of  t h e  energy b u t  
only 92% of  t h e  demand. The second l a r g e s t  share  i s  f o r  T/LS a i r ,  which accounts f o r  
2% of  t h e  demand and more than 6.5% of  t h e  energy. 

The f i n a l  s t e p  i s  t o  expand' the c i ty ->a i r  energy use f igu res  i n  Table A - I 1  t o  
t h e  f & l  seven c i ty -pa i r  category.  The s c a l i n g  parameter used t o  make t h i s  expansion 

' i s  t h e  r a t i o  of  Detroi t -Ft .  Wayne pass.-miles t o  category pass.-mile. I n  t h i s  case ,  
t h e  s c a l i n g  f a c t o r  is 4.55. 

Thus, it can be  seen t h a t  t h e  s imulat ion program described he re  is amenable t o  
eva lua t ion  o f  modal-shift s t r a t e g i e s  which attempt t o  save energy by a l t e r i n g  t h e  
passenger appeal of  t h e  competing modes. Typica l ly ,  v a r i a t i o n s  a r e  made i n  t h e  param- 
e t e r s  which make up t h e  time and cos t  f i gu res  i n  Table A - I .  These changes produce a 
a d i f f e r e n t i a l  e f f e c t  on d i s u t i l i t y  which r e s u l t s  i n  a r e d i s t r i b u t i o n  of  demand among 
the  modes. I f  t h e  s h i f t  i s  away from energy-intensive modes and toward energy- 
e f f i c i e n t  modes, a favorable  change i n  energy e f f i c i ency  occurs .  



TABLE A-I 

Dezroit Zone 3 - F t .  Wayne Zone 1 

1 i = D e t r o i t  j . = F t . W a y n e  
2 Public mode .access based on auto 
3 Auto fare  = (ouerating c o s t  + t s l l 3 ) / p a r t y  s i z e  

7 
V) 
I-' 
R) 
vl 
vl 
W 
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TABLE A - I 1  

SWARY OF DETROIT - FT. WAYNE TRAVEL AND ENERGY CHARACTERISTICS 

Mode 

T/LS A i r  

Comm A i r  

BUS 

A U ~ O  

TOTAL 

Detro i t  Zone 3 - F t .  Wayne Zone 1 

Mode 

T/LSAir  

Comm A i r  

BUS 

A U ~  o 

TOTAL 

+ 

Tota l  

To ta l  Det ro i t  - F t .  Wayne 

Line w- 

~ u s / P e r  S p l i t  
% 

83/17 

93/7 

491 51 

25/75 

17/73 

Round-Trip Demand 
l o 3  ~ a s s / ~ r  

3.4 

1 .2  

0 .3  

135.5 

1 4 0 . 4  

Round-Trip Demand 
l o 3  Pass/Yr 

8 .9  

3 .3  

2.6 

440.4 

455.2 

Demand 
Share 

% Pass-mi 

1 .96  

0.72 

0.57 

96.76 

100.00 

Access 

Load 
Factor 

d 10 

47.2 

37.4 

46.0 

35.9 

Energy 
(10' ~ t u )  

39.1 

8 .2  

1 . 5  

548.2 

597 0 

Travel Share 
% 

2.4 

0,. 9 

0.2 

96.5 

100.0 

Par ty  
Size 

1 .2  

1 . 2  

Energy 
Share 

% 

6.55 

1.37 

0.25 

91.83 

100.00 

Travel Share 
% 

2.0 

0.7 

0.6 

96.8 

100.0 

.---- 

Distance 
( m i )  

128 

128 

169 

148 

B u s l ~ e r  S p l i t  
% 

84/16 , 

94/6 

53/47 

25/75 

27/73 1 I 

Distance 
(mi ) 

28.7 

28.8 

Energy 
( l o 3  ~ t u / p a s s )  

2031 

1072 

198 

515 

------- 

Energy 
( lo3  Btu/Pass ) 

165 

174 

1.: 1 17.6 
l . E  27.1 

90 

107 



APPENDIX 11. 

SURVEX OF COMMUTER AIRLINES 

Since commuter a i r  service  was t rea ted  as  a separate mode i n  t h i s  study, 
operations of commuter a i r l i n e s  were analyzed t o  determine whether there may ex i s t  
fundamental reasons why modal s h i f t s  t o  commuter c a r r i e r s  a r e  not feas ib le  on a 
la rge  scale .  A survey of commuter c a r r i e r s  was conducted t o  asce r ta in  the nature of 
commuter operations on the  1 3  representat ive c i ty-pai r  routes which have commuter 
service .  A t o t a l  of 16 d i f fe ren t  oa r r i e r s  serve these routes,  and contacts  o r  on-site 
interviews were made with all but one ca r r i e r .  The questions asked concerned equipment 
i n  use, load fac to r ,  block fue l ,  operating cost ,  and the s p l i t  between origin-destina- 
t i o n  and connecting passengers; f a r e ,  frequency, and block time information a r e  avai l -  
able in the  OAG. Other general  subjects  explored included the impact of Joint  f a r e  
agreements, lack of OAG connection l i s t i n g s ,  ?%el e f fec t s  of IFR/VFR operations, and 
amount of f r e i gh t  carr ied  on passenger f l i gh t s .  

The data  obtained from thd commuter c a r r i e r s ,  a s  summarized i,n Table A-111, are 

somewhat disappointing i n  t ha t  most of the commuter c a r r i e r s  surveyed were unwilling 
t o  re lease  ce r ta in  data they considered proprietary;  e.g., operating costs  and load 
f ac to r s ,  and data f'rom ca r r i e r s  who responded a r e  not en t i r e l y  consistent .  As f a r  
a s  the  nature of commuter a i r l i n e  service  i s  concerned, a s  reflect,,ed i n  the  informa- 
t i o n  i n  Table A - I 1 1  , it appears t ha t  t h e  i n t en t  of most operators i s  t o  provide one 
o r  more of the  following: 

Connecting service from small c i t i e s  t o  hubs, 

Alternative a i rpo r t  service i n  higher-density markets 

Frequent nonstop service  by use of &mall a i r c r a f t  

Despite the longevity of the  major commuter c a r r i e r s ,  the  industry i s  character- 
ized by a ' h igh  turnover r a t e .  Table A - I 1 1  indicates  .numerous instances where ca r r i e r s  
have moved i n t o  and ou t .  of t he  1 3  c i ty-pai r  markets during the  1973-1976 period. 
There a re  a l so  examples of c a r r i e r s  becoming i den t i f i ed  as  i n t r a s t a t e ,  or  joining the 
Allegheny Commuter System for  pa r t i cu la r  routes.  In addi t ion,  some ca r r i e r s  a r e  
l i s t e d  as providing passenger service  when, i n  f a c t ,  t h e i r  primary business i s  i n -  
Sreight  . 

With respect t o  fue l  u t i l i z a t i o n ,  the data i n  Table A - I 1 1  a re  somewhat conserva- 
t i v e  compared w i t h  the  Sue1 data  derived fo r  commuter-type a i r c r a f t  i n  Task 3 of t h i s  
study. However, it appears t h a t  t he  difference has t o  do with the  f a c t  t ha t  t he  .block 
f u e l  information supplied by t he  ca r r i e r s  a r e  planning data ,  whereas the  CAB data upon 
which the  Task 3 trends were es tabl ished 'are  based on ac tua l  f u e l  consumed. It i s  
f e l t  t h a t  the  CAB-derived data a r e  the  more appropriate source f o r  t h i s  study since 
trunk and l oca l  service  CAB data were used t o  derive the block f u e l  trends f o r  l a rge r  
a i rp lanes .  



Two quest ions which have impl ica t ions  f o r  expanded commuter opera t ions  a r e  t h e  
OAG pol icy  concerning connections l i s t i n g s  involving commuter a i r l i n e  f l i g h t s  and 
j o i n t  f a r e  agreements with t runk  and l o c a l  s e r v i c e  c a r r i e r s .  A s  t h e  r e s u l t  of a 
recent  dec is ion ,  commuter connections w i l l  be l i s t e d  i n  t h e  OAG beginning with t h e  
i s s u e  o f  December 1, 1976. The l i s t i n g  w i l l  be s epa ra t e  from t h e  connections l i s t i n g  
of t h e  c e r t i f i c a t e d  c a r r i e r s ,  j u s t  a s  t h e  l i s t i n g  of d i r e c t  commuter f l i g h t s  i s  
.p resent ly  s epa ra t e  from t h a t  o f  c e r t i f i c a t e d  c a r r i e r s .  And while '  t h e  commuters w i l l  
continue t o  press  f o r  f u l l y  i n t e g r a t e d  l i s t i n g s ;  t h e  f a c t  t h a t  connections involving 
commuters can be  r ead i ly  cons t ruc ted  under t h e  new OAG format means t h a t  what might 
formerly have been an impediment t o  expanded commuter s e r v i c e  w i l l  no longer  e x i s t .  

The l i m i t a t i o n  on commuter involvement i n  j o i n t  f a r e  agreements has been a  
p o t e n t i a l  impedimelit t o  wider use of  commutes s e r v i c e s .  However, i f '  t h e  CAB a c t s  
favorably on t h e i r p e t i t i o n  t o  make j o i n t  f a r e  agreements mandatory f o r  a l l  c a r r i e r s  
i n  a l l  margets r a t h e r  than j u s t  f o r  c e r t i f i c a t e d  c a r r i e r s ,  t h i s  impediment w i l l  b e  
removed. The commuters surveyed genera l ly  agree t h a t  p a s t  j o i n t  f a r e  agreements, 
made under t h e  d i sc re t iona ry  pol icy  now i n  e f f e c t ,  have had a  very p o s i t i v e  impact 
on t h e i r  growth i n  connecting markets. Therefore,  i f ,  replacement s e rv i ces  a r e  . 

pos tu l a t ed  as  a  s t r a t e g y  t o  save f u e l ,  such f u e l  savings would be promoted by 
broadening mandatory j o i n t  f a r e  agreements t o  inc lude  commuters. 

With respec t  t o  passenger a t t i t u d e s  toward commuters, t h e  r e s u l t s  o f  two surveys 
were obtained and reviewed. The f i r s t  survey was performed by an anonymous agency 
which s o l i c i t e d  opinions from passengers deplaning from commuter f l i g h t s .  About 500 
passengers were surveyed, many of  whom volunteered add i t i ona l  comments beyond t h e  
quest ions asked of them. Although t h e  survey r e s u l t s  a r e  not  e n t i r e l y  conclusive,  a  
genera l ly  favorable  passenger response was obtained.  In  p a r t i c u l a r ,  i f  commuter a i r r  
l i n e s  provide t h e  most convenient publ ic  s e r v i c e  ( o r  t h e  only a i r  s e r v i c e ) ,  t r a v e l e r s  
a r e  i n c l i n e d  t o  use  it. Many passengers have used the  s e r v i c e  b.efore,  i n d i c a t i n g  
t h a t  they e i t h e r  p r e f e r  it o r  a r e  not  r e l u c t a n t  t o  f l y  i n  the.sma.11 a i r c r a f t  commonly 
used by t h e  c a r r i e r s .  

The second survey ( ~ e f .  66) provided a  confirmation of  t h e s e  r e s u l t s  as  we l l  as 
some add i t i ona l  demographic da ta .  It ind ica t ed  t h a t  t h e  percentage o f  business  
t r a v e l e r s  on commuter c a r r i e r s  ( %  80 percen.1;) i s  considerably higher  than  f o r  
,domestic a i r  t r a v e l  i n  general  (% 50 percent )  and t h a t  s e a t i n g  comfort i s  a s i g n i f i -  
cant f a c t o r  a f f e c t i n g  passenger a t t i t u d e s  on small  a i r c r a f t .  However, a s  i n  t h e  
f i r s t  survey,  it was concluded t h a t  passengers i n d i c a t e  no re luc tance  t o  u t i l i z e  
commuter-type s e r v i c e ,  which i n  t u r n  suggests  t h a t  expanded commuter opera t ions  would 
not  be  r e s t r i c t e d  by l ack  of  passenger acceptance. 



UFt: Ro reaponse from c a r r i e r  
(1)  Data from OAC e d i t i o n s :  8/1/7: and 5/15/76 
(2)  Service df acortlnued 
( 3 )  Primarily f re ight  
( b )  Airport indicsted only i f  d i f f e r e n t  from maJor c i t y  a i rpor t  
(5) Demand data a ~ p l i e s  t o  1975 rather than 1976 

NEW YORK - PH1WU)ELPfl:P City P a ~ r :  

n o ~ t o v r ( ~ )  ~ e q p l a n e  tumberland(3) Business(3) 
Airl ine P.ltax Airl ines Airl ines Slmt':le .4irlines 

0 

Allegh. Corn 
(- 

Yee:: 1973'~ l ~ 7 6 ( ~ )  197 3 19 '6 1976 

Air Distance. m i  

Equipment i n  Use 
Available seat* 

Frequency - nonstoE 

HPN 1 EP BDR 

129 11.5 1112 

899 B99rN262 N262 
N R  0 

1 . 5  3 0 
one s tcp  

One-way Fare, $ 
, $ / p s s a i  

Annual Passengers 
S om 
$ Connecting 

Average Load Factor 

Operatins Cost - Tcta l ,  t l h r  
Direct ,  $/hr 

Fuel Ussge, g a l l f l i g h t  . 
seat-&/gal 

A i r - m r t ( ' )  HPN ISP BDR 

115 129 11t2 

Egg 
IYn 

2 b 0 

77 

Aztec 
m 
8 

Wall S-.-36 S t  
Penn's Lsndinc 

-,! 

a3c6 
19 
0 

0 0 2.5 1 0.5 0 2. 
I 

13.00 25.00 27.00 ! 31.00 33.CO 36.00 
0.256 0.217 0.225 1 1.346 0.3e7 0.283 
6,078 9.566 5.225 i P R  

NR r~ 
NR P R 

i NR YR 

NR F R  
NR F R 

0 - 
27.00 
0.351 
6,236 , 

LOO 
0 

RR 

NR 
NB 

NR 
NR 

Em 

;17 

Aztec 
2 

1 

PR 
P R 

6 

t5 
03;5  

Pi3 
110 

0 

Pn 

RT 
Pn 

r5 
1.35 

1076 

ISP BDR 

129 162 
Ce310 Baron 

5 6 

0 0 
0 

15 
0.176 

NR 
loo  

0 

NR 

NR 
NR 

NR 
NR 

1976 ' 

JFK FKR 

b3 loo 
DC 3 

2 2 

29.00 30.00 
0.252 0.250 

NF 
NF 
NR 

N A 

AA 
AR 

NR 
NR 

1916 

Em 

80 
~ 2 6 2 ~  

27 

6 

' ' $  
0 

28.00 
0.373 

22.993 
(20 
~ 8 0  

MI 

307 
NR 

84 
2h.l  



TARIF, A- I I1 (Cont'd) 

1:OMMUTM- AIULINE DATA 

PR: 
11) 
12) 
13) 
111) 
15) 
66) 
h 

Ilo reaponse fmm c a r r i e r  
Data from OAC editions:  8/1/73 and 5/15/16 
Service discontinued 
R i m w i l y  f re ight  
Airport indicated only l f  di f ferent  from uaJor c i t y  a i rpor t  
Osaand data appl ies  to 1975 rrither tlmn 1976 
3 one-stcn and b tvo-stop 
Cer t i f ica ted  c a r r i e r  

CLNELANO - WSFIELO 

Allegh. Conm. 
( G ~ ~ - F i s c h e r )  

1973 . 1976 

69 

Heron 
16 

iJ 70 ' 

15.00 26.00 
0.217 0.377 

14.287 27,000 
5 

95 

NR '60. 
NR NR 

CHICAGO - APPLFXOH 

Air Wisconsin 

1973 1976 

160 

Metro Metro 
19 

8 .5  9.5 
3 0 

%a;;; i:*E 
52,hjb NR . 20 

80 

-55 

. NR 

CLWELAND - DETROIT 

Wright ~ i r l j n e s ( ' l )  

1973 1976 

BKLDET 
9 3 

Convair 600 
40 

80 60 
22.00 25.63 
0.237 0.276 

48,820 ' NR 
100 

0 

52 
NU 

. . . 
. . 

Air t~ ia tance ,  m i  . ' 
. Q u i p t e n t  i n  Use --' 

P.vailable s e a t s  . 
Requmcy - nonstop 

one stop 

CbtWay Pare,. $ 
, $/pass-ud 

lhnual Passeagere 
s om 
S ~ d n n e c t i n g  

Rvernge losd Pnctor S 
Cpcmting Cont - Total .  $/hr 

Hub 
Airlines 

1973 

CCX-Dm 

225 

899 
NR 

4 ,  
0 

30.00 
0.133 

9,553 

100 
0 

N R  

NR 110 1 NR' 

30 - NR 
36.8 65 

m 46.8 

NR 

145 
25.7 

Direct. $/hr 

Puel Usage. g a l l f l i g h t  
seat-milgal 

c i t y  pair:  

Airl ine:  

Year: 

~ i q o r t : ( ~ )  

. 

CHICAGO - DTPROIT 

N R  
NR 

. N R  
NR 

. 

~ k y s t r e a m ( ~ )  
Airl ines 

1976 

CGX;OFP 

. 225 

099 
NR 

160 

84 
32.6 

B I N G W N  

Colgan 
Airvnys 

1976 

I AD 
228 

B99 
12 

2 

56.00 
0.246 

b,320 
100 

0 

62 

207 NR 
NR . 
N R  
NR 

135 
33.5 

. 

NR 

NR 
NR 

PHIU. - HARRISBURG WASHINGTON - 
Air 

Uisconsi 

1976 

238 

Metro 
19 

NR 

67 
64.7 

Al ta i r  Airl ines 

1973 . 1916 

. . 
85 

B99 B99; 
Queen 80 ~ 2 6 2  

N R  NR 

4 '.% 0 
19.00 25.00 
0.224 0.294 

11.b55 N R  
NR 
NR 
NR 

AR 

2 .  

39.00 

100 
0 

AR 

Commuter Airl ines 

1973 . - 1976 

228 

Metro 
19 

3 h 1 0 
36.00 50.00 
0.158 0.219 

21813 NR 
RR 
NR 

-55 

AR. 



'I'i\lCI,!.: h-1 I I Cont ' d )  

( k )  ~ i r p o r t  indica ted  only i f  d i f f e r en t  from major c i t y  a i rpo r t  

( 5 )  Demand data appl ies  t o  1975 ra ther  than 1976 

A i r  Distance, mi 

Equipment i n  Use 
Available Seata 

Frequency - Nonstop 
One Stop 

One-way Fare, 8 
, $ / p a s s 4  

Annual Passengers car r ied(  5 ) 
Z O&D 
% Connecting 

Average Load Factor 

Operating Cost - T o t e  $/hr 
Direct  $/hr 

Fuel Usage, ga l / f l i gh t  
seat-mi/gal . 

C i t j -  Pa i r :  

Air l ine  : 

Year : 
(4 

A i r p ~ r t :  

DALLAE/FT. WORTH - - 

kILLEEN 

Rio 

197: 1976 

126 

BS 9 
15 

1C 11 
1 .  0 

22. OC 35.00 
0.175 0.278 

74.63b 84,300 
1 

59 

NR 

NR 
I 144 

74 
25.5 

DALLAS/PT. UORTH - NEW YORK - READING CHICAGO - MILWAUKEE 
TWLE 

AUegh. Comm. 
Rio 

1973 1976 

126 

W9 
15 

5 0 
0 10 

23.00 35.00 
0.183 0.278 

9,432 16,945 
1 

39 

NR 60 

134 

NR 106 
N R  17.8 

bubur'3an ) 

19-3 1976 

EWR 

91 . 

DHC-6 
19 

3 4 
3 0 

24 .OD 30.00 
0.264 0.330 

9.3% 9,251 
6 3 
37 . 

I!T 42.3 

NR 
NR 

65 
26.6 

Suburban Air l ines  

1973 1976 

JFK 

106 

Beec h-18 DHC-6 
NR 17 

0.5 
0.5 

32.00 
0.302 

<1,000 2,305 
NR 
N R  

NR 32.5 

242 
NR 

NR 79 
NR 22.8 

t id state Air l ines  

1973 1976 

66 

B99 
15 

3 3.5 
0 0 

15.00 21.00 
0.176 0.247 

4,963 ' 

NR 
NR 

' NR 44.3 

NR 
NR 191 

30 
42.5 



COMMIJTdR A.IRLTNE DATA 

14) Airport indicated or ly  i f  d i f ferent  from major c i t y  a i rpo r t  
'5) Demand data  a ~ p l i e s  t c  1375 ra ther  than 1976 
( 6 )  Commuter i n  1973; I c t r a s t a t e  in 1976 
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A i r  Dietance, m i .  

Equipment i n  Use 
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~ i r ~ o r t :  

Hub Air l ines  
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One Stop . 

-he-Way Fare,  $ 1 

, $/pass-mi i 

-?\nnual Paesengers ca r r i ed (  5 ) f 
% OhD I 
% Connecting 

Rverage Load Factor % 
3perating Cost - Total ,  $/hr 1 

Direct,, ( 
Fuel Ueage, ga l l f r i gh t  

seat-mi /gal  

Air Wisconsin 

1976 

CHICAGO-SPRINGFIELD 
- - - 
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1973 1976 
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NR 4 4 
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99 
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- - -. --. . - . - -- .- . - - . - . . - - - - - - - 
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NR 
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0 
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NR 

0.5 

Metro 
19 

6 
0 

31.00 
0.313 

. NR 

Wetro 
19 

' 2 
0 

28.00 
0.206 

NR 

0 0 I 0 

26.00 36.00 ' 24.00 

NR 
NR 

NR 

NR 
N R  

0.151 . 0.209 

33,738 50,000 

NR 
Im 
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0 

NR 59 

NR 400 
NR 700 
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NR 33.6 

48 
39.2 

NR 
NR 

N R  

N R  
N R  

NR 
.N R 
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APPENDIX I11 

POLICY ANALYSIS OF INDIVIDUAL STRATEGIES 

Approach 

The purpose of  t h i s  a n a l y s i s  w a s  t o  eva lua te  each of t h e  ind iv idua l  s t r a t e g i e s  
i n  terms of  t h e  p o l i c i e s  which might be used t o  s t imu la t e  t h e i r  implementation. 
Analysis  of t h e  f e a s i b i l i t y  of s t r a t e g y  implementation w a s  based on two sepa ra t e  
assumptions about t h e  1980 environment. F i r s t ,  a normal energy supply s i t u a t i o n  
was a s s u e d  and t h e  f e a s i b i l i t y  of implementation was assessed  over t h e  s h o r t  term 
( f i v e  y e a r s ) .  Secondly, t h e  s t r a t e g i e s  were 'evaluated with regard t o  the feasibility 
of t h e i r  implementation as contingency p lans  (wi th in  one y e a r )  during a c r i t i c a l  
energy s h o r t f a l l .  

The ana lys i s  proceeded by f i r s t  i den t i fy ing  s p e c i f i c  p o l i c i e s  f o r  s t imu la t ing  
strat.e&y implementation. The pol icy  development drew upon recent  l e g i s l a t i ' v e  pro- 
posa l s  and a l t e r n a t i v e s  which were considered during t h e  e n e r m  s h o r t f a l l  of 1973 t o  
1974. The second s t e p  involved determinat ion of f a c t o r s  r e s t r a i i ~ i n g  implementation 
of  t h e  po l i cy  changes. These r e s t r a i n t s  were then  ca tegor ized  a s . . r egu la to ry ,  
p o l i t i c a l  o r  l e g i s l a t i v e ,  and ope ra t iona l  o r  economic. Fur ther  eva lua t ion  of t hese  
r e s t r a i n t s  i n  conjunct ion wi th  t h e  Task 5 r e s u l t s  y i e lded  an es t imate  of t h e  proba- 
b i l i t y  of implementing t h e  po l i cy  change under c r i s i s  and normal condi t ions .  

The ind iv idua l  s t r a t e g i e s  were then  reviewed i n  r e l a t i o n  t o  each o the r .  Based 
on t h e  p r o b a b i l i t y  e s t ima te s ,  c e r t a i n  s t r a t e g i e s  were e l imina ted  from f u r t h e r  consid- 
e r a t i o n .  For those  s t r a t e g i e s  remaining, procedures f o r  e f f e c t i n g  t h e  most f e a s i b l e  
po l i cy  changes were i d e n t i f i e d .  This  a n a l y s i s  considered t h e  r o l e s  of  t h e  c a r r i e r s ,  
t h e  r egu la to ry  agencies ,  and t h e  l e g i s l a t o r s .  

I n  completing t h e  po l i cy  ana lys i s  f o r  each 'of t h e  ind iv idua l  s t r a t e g i e s ,  con- 
s i d e r a t i o n  was given t o  t h e  cos t s  and b e n e f i t s  c f  implementation. Many 0.f t h e s e  
had a l r eady  been presented  i.n t h e  a n a l y s i s  of  r e s t r a i n t s  and i n  t h e  eva lua t ion  
 ask 5 ) r e s u l t s .  Addi t iona l  eva lua t ion  was undertaken a s  necessary and a summary 
ma t r ix  w a s  prepared f o r  t h e  ind iv idua l  s t r a t e g i e s .  

Four s t r a t e g i e s  designed t o  a t t r a c t  passengers t o  bus were evaluated.  None of 
t h e  s t r a t e g i e s  r e s u l t  i n  any abso lu t e  energy savings; however, they  a l l  reduced t h e  
energy i n t e n s i t y  of  short-haul  i n t e r c i t y  passenger t r a n s p o r t a t i o n .  I n  order  of t h e  
g r e a t e s t  e f f i c i e n c y  ga ins  y i e lded ,  t h e  s t r a t e g i e s  a r e :  1 )  reduce bus f a r e s  by 



50 percent ;  2 )  provide discounts  of 50 percent  on meals and lodging f o r  bus pa t rons ;  
3 )  provide a  discount  of  $5.00 on d e s t i n a t i o n  c o s t s  f o r  bus pa t rons ;  and 4 )  reduce 
bus t r a v e l  time by 10 percent .  Each of  t h e s e  s t r a t e g i e s  r a i s e s  quest ions a s  t o  
whether t h e  indus t ry  can accommodate s u b s t a n t i a l  increases  i n  bus r i d e r s h i p .  
Reduced f a r e s  s t imu la t e  t h e  l a r g e s t  increase  (83 pe rcen t )  i n  bus passenger-miles,  
followed by a  63 percent  i nc rease  f o r  t h e  meal and lodging d iscount ,  a  57 percent  
increase  f o r  t h e  des t ina t ion  cos t  d i scount ,  and a  31 percent  i nc rease  f o r  t h e  
t r a v e l  t ime reduct ion.  

Recluce Bus Fares by 50 Percent 

There i s  no h i s t o r y  of a  genera l  f a r e  reduct ion  i n  regular - route  bus se rv i ce .  
In  c o n t r a s t ,  t h e  i ndus t ry ,  faced with r i s i n g  cos t s  and dec l in ing  patronage,  has 
sought continued r a t e  r e l i e f  from t h e  I n t e r s t a t e  Commerce Commission.* The indus t ry  
has ,  however, o f f e red  s p e c i a l  discount f a r e s  on r egu la r  rou te  s e r v i c e  and has made 
downward adjustments i n  f a r e s  on s e l e c t e d  rou te s  so a s  t o  undercut AMTRAK fares .**  
Spec ia l  d i scounts ,  although they o f t en  remain i n  e f f e c t  f o r  s u f f i c i e n t  time periods 
t o  r ep re sen t  base f a r e s  t o  p o t e n t i a l  u s e r s ,  do not approximate genera l  f a r e  reduct ions  
because of t h e  s t i p u l a t i o n s  on t h e i r  a p p l i c a b i l i t y  (such a s  f o r  nid-week t r a v e l ) .  

With no h i s t o r i c a l  precedent 'upon which t o  base t h e  pol icy  eva lua t ion , ,  four  broad 
a l t e r n a t i v e i  f o r  s t imu la t ing  a. genera l  f a r e  reduct ion of about 50 percent  were analy- 
zed. F i r s t ,  s i nce  r a t e s  r equ i r e  approval of t h e  I n t e r s t a t e  Commerce Commission ( I C C ) ,  
t h e  regula tory  func t ion  could conceivably be modified so a s  t o  fo rce  t h e  bus indus t ry  
t o  absorb increas ing  cos t s  and/or  reduced p r o f i t s .  Second, bus r a t e s  could remain . 

unchanged and f a r e  reduct ions could be i n d i r e c t l y  e f f e c t e d  through income t a x  deduc-. 
t i o n s  and/or r eba t e s  f o r  bus pa t rons .  Thi rd ,  t h e  f e d e r a l  government could d i r e c t l y  
subs id ize  bus f a r e s .  And, f i n a l l y ,  bus f a r e  reduct ions ,  according t o  some, would 
r e s u l t  from deregula t ion  of  t h e  motor c a r r i e r  indus t ry .  Each of  t hese  a l t e r n a t i v e s  
and t h e  r e s t r a i n t s  on t h e i r  implementation a r e  discussed below i n  more d e t a i l .  

* Recent genera l  increases  include:  8 percent  e f f e c t i v e  ~ecember  1974; 1 0  per- 
cen t  e f f e c t i v e  May 1975; 5 percent  e f f e c t i v e  J u l y  1976; and 9-1/2 percent  sus- 
pended October 1976 with a  4 percent  i nc rease  allowed. (source:  NaLional 
T r a f f i c  Associat ion,  Inc .  Statement of Evidence i n  J u s t i f i c a t i o n :  General In- 
c rease  Passenger Fares  and Express Rates.  F i l e d  October 22, 1976.)  

** U r i t i l  t h e  Spring of  1976, t h e  major bus companies d e l i b e r a t e l y  kept  t h e i r  f a r e s  
$0.05 below AMTRAK f a r e s  on overlapping routes  Since t h a t  t ime t h e  indus t ry  
has determined t h a t  t h e  g r e a t e r  frequency of  bus s e r v i c e  i n  a l l  bu t  t h e  Northeast 
Corr idor  j u s t i f i e d  f a r e s  h igher  than  those charged by AhITRAK. (source:  .Lawrence 
L e i s t ,  Information Reporting Branch, Transportat ion Systems Center ,  U.S. 
Department of Transpor ta t ion ,  December 1976.)  

. . 
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Within t h e  e x i s t i n g  r egu la to ry  system, t h e  only way t o  e f f e c t  a  f a r e  reduct ion 
i s  t o  prove t h a t  t h e  e x i s t i n g  r a t e s  a r e  un jus t  and unreasonable.  Although t h e r e  i s  
a notab le  pauc i ty  of d a t a ,  p a r t i c u l a r l y  on a  route-by-route b a s i s ,  ava i l ab l e  evidence 
s t rong ly  i n d i c a t e s  t h a t  t h i s  t a s k  would be v i r t u a l l y  impossible.  

The i n f l a t i o n  and recess ion  of  t h e  1970 ' s  have s i g n i f i c a n t l y  a f f e c t e d  t h e  i n t e r -  
c i t y  bus indus t ry .  Since 1970, opera t ing  c o s t s  have increased  by 38.8 pe rcen t ,  while 
revenues have increased  by only 31.3 percent .  This f a i l u r e  of revenues t o  keep up 
wi th  c o s t s ,  de sp i t e  f a r e  i nc reases ,  i s  r e f l e c t e d  i n  a  worsening of t h e  average operat-- 
i n g  r a t i o  f o r  t h e  indus t ry .  In  1971 t h e  r a t i o  of  expenses t,o revenues f o r  a l l  Class 
I c a r r i e r s  was 87.6 percent .  This  compares t o  an average opera t ing  r a t i o  (before 
t axes  ) of 90. h percent  i n  1973 eu~d 93.6 percent  i n  1975 (Ref . 62) .  

Since 1951 t h e  indus t ry  has maj.nt.ained t,hit. an opera t ing  raLiu of 85 percent  
LeTure income t axes  ( o r  93 percent  o v e r a l l )  i s  e s s e n t i a l  t o  continued operat ion of 
adequate s e rv i ce  (Ref.  63)'. A s  shown below, t h e  opera t ing  r e s u l t s  f o r  t h e  ind iv idua l  
Class  I c a r r i e r s  i n  1973 and 1974 i n d i c a t e  t h a t  about one-third achieved t h i s  85 per- 
cent  l e v e l ,  and nine c a r r i e r s  operated with a  d e f i c i t  during those  yea r s .  

Operating r a t i o  ranges Nurriber of ~ a r r i e ' r s  
1974 - 1973 

Less than  79.q" 
80.0 t o  84.go 
85.0 t o  8 9 . s  
90.0 t o  990%) 
lowo mA above 

T ~ . ~ ; ~ E  

I n  t h e i r  most recent  ( ~ c t o b e r  1976) s tatement  i n  j u s t i f i c a t i o n  of a  genera l  
f a r e  i nc rease ,  t h e  indus t ry  based i t s  arguments l a r g e l y  on 8 p r i o r  I C C  d e c i s i u ~ ~  
(NO. 36105) t h a t  a  f'sre inc rease  t o  achteve a 91% opei-sting r a t i o  was j u s t i f i e d  i n  
o l d e r  t o  impede t h e  f i n a n c i a l  d e t e r i o r a t i o n  of t he  indubtry.  I n  that,  dec is ion ,  
which was dated September 1976, t h e  I C C  found t h a t  t he  i n d u s t r y ' s  f i n a n c i a l  condi- 
t i o n  was b a s i c a l l y  sound bu t  t h a t  i t  had been sub jec t  tan i n c r e a ~ i n g  de te i . iu ra t ion  
over  r ccen t  years .  P'or example, t h e  I C C  found t h a t  the  r~t.1.u-n on c q i ~ i t - ~ y  fell from 
18.7% i n  1964 t.o 11.1% i n  19'74 (Ref. 6 3 ) .  Given t h e  r e l a t i v e l y  low r a t e s  of i n t e r e s t  
and i n f l a t i o n  during t h e  19601s,  t h e  1964 r e t u r n  was a t t r a c t i v e .  A 1974 r e t u r n  of 
11.1%, however, a t  b e s t  only matched t h e  1974 i n f l a t i o n  r a t e ,  r e s u l t i n g  i n  no r e a l  
r e t u r n  on investment.  



Perhaps t h e  most s i g n i f i c a n t  t r e n d  t h a t  emerges from t h e  i n d u s t r y ' s  recent  
ope ra t ing  r e s u l t s  i s  t h e  nearly s teady dec l ine  i n  regular-route  i n t e r c i t y  revenue 
passenger-miles . In 1965 Class' I c a r r i e r s  logged 15 .7  b i l l i o n  revenue passenger 
miles on regular-route  i n t e r c i t y  s e rv i ce .  By 1971 t h a t  number had f a l l e n  t o  1 4 . 1  
b i l l i o n  and, with the . excep t ion  of  t h e  1973-to-1974 per iod  when f u e l  shortages . 

d ive r t ed  s u b s t a n t i a l  t r a f f i c  t o  publ ic  ground t r a n s p o r t a t i o n  modes, continued t o  
dec l ine  t o  13.2 b i l l i o n  i n  1975. * Preliminary da t a  f o r  1976 indicate  t h a t  passenger 
volumes a r e  cont inuing t o  f a l l . * *  

The indus t ry  as a  whole appears t o  be caught between i t s  own cos t  s e n s i t i v i t y  
t o  i n f l a t i o n  and i t s  patrons ' p r i c e  and s e r v i c e  s e n s i t i v i t y .  Within t h e  indus t ry ,  
l a b o r  represents  about 50% of  d i r e c t  opera t ing  c o s t s .  (The f i g u r e  i s  probably 
h igher  f o r  t h e  l a r g e  c a r r i e r s  ' and  lower f o r  the  small  c a r r i e r s .  ) Moreover, workers 
i n  t h e  l a r g e  companies a r e  supported by s t rong  unions. Consequently, i n f l a t i o n a r y  
forces  i n  t h e  general  economy a r e  r e f l e c t e d  t o  a  high degree i n  c a r r i e r  ope ra t ing  
cos t s .  On a route  ope ra t ing  wi th  one bus and one d r i v e r ,  t h e  only opportuni ty f o r  . 
i nc reas ing  product iv i ty  ( i n . o r d e r  t o  o f f s e t  i nc reas ing  c o s t s )  i s  through schedule cu t s .  
Indeed, t h i s ,  a s  wel l  a s  defer red  replacement of o l d e r  buses,  has  been t h e  i n d u s t q  
response t o  increased c o s t s .  Yet,  t h e s e  ac t ions  reduce s e r v i c e  q u a l i t y  and thereby 
may con t r ibu te  t o  dec l ines  i n  r i d e r s h i p .  I f  r i d e r s h i p  f a l l s ,  revenues again cannot 
keep pace with cos t s .  . I f  r a t e  r e l i e f  i s  then  sought ,  f u r t h e r  reduct ions i n  patronage 
can be  expecked. (AS a  r u l e  of  thumb'the indus t ry  expects a  3% drop i n  r i d e r s h i p  
f o r  every 10% increase ,  i n  f a r e s .  ( source : Nicholas 3ade ) . ) 

Other f a c t o r s  c l e a r l y  e n t e r  i n t o  t h e  f i n a n c i a l  squeeze of  t h e  indus t ry .  For 
example, t h e  cos ts  of te rmina l  cons t ruc t ion  and renovation have increased  s u b s t a n t i a l l y  
over recent  yea r s .  A new i n t e r c i t y  bus c o s t  about $90,000 i n  1975, as  compared 
with $65,000 i n  1970.*** Insurance cos ts  a r e  becoming a  burden f o r  some of t h e  smal le r  
companies an'd o thers  a r e  having d i f f i c u l t y  i n  ob ta in ing  insurance.**** And f i n a l l y ,  
f u e l  p r i c e  i n c r e a s e s ,  desp i t e  t h e  r e l a t i v e  e f f i c i e n c y  of buses ,  have a l s o  cont r ibu ted  

. s u b s t a n t i a l l y  t o  t h e  increas ing  c o s t s  of  opera t ion .  

* Ref. 62 ( ~ e v e n u e  passenger miles i n  i n t e r c i t y  r egu la r  rou te  s e r v i c e  t o t a l e d  

13.9 b i l l i o n  i n  1973 and 14.6 bi.l..l.ion i n  1974).  

** Nicholas E. Bade, Di rec tor  of Marketing-East Coast,  Greyhound Lines ,  Inc .  
December 1, 1976. 

*** Statement o f  A. E. Pendleton, Vice Pres ident  and Comptroller,  Greyhound Lines.  
In  Statement of  Evidence i n  J u s t i f i c a t i o n ,  General Increase Passenger Fares 
and Express Rates.  F i l ed  October 1976. 

**** P h i l  Nagle, United Bus Owners of America. December, 1976. ( ~ o t e :  Tile l a r g e r  
com~)a.i?.ies a r e  usua l ly  se l f - insured .  ) 



I n  view of t hese  circumstances and, t h e  f a c t  t h a t  no dramatic  change appears 
l i k e l y ,  t h e  p o t e n t i a l  f o r  proving t h a t  f a r e  l e v e l s  a r e  un jus t  and unreasonable i s  
p r a c t i c a l l y  neg l ig ib l e .  Over t h e  longer  term, i t  may be poss ib l e  t o  achieve reduc- 
t i o n s  i n  bus f a r e s  by some modi f ica t ions  i n  I C C  procedure. For ins tance ,  t h e  I C C  
could d isa l low c e r t a i n  cos t s  o r  a l l  cos t s  over a  c e r t a i n  l e v e l .  This has been.pro-  
posed on t h e  assumption t h a t  t he re  i s  i n s u f f i c i e n t  i ncen t ive  t o  keep se rv i ce  cos t s  
low under t h e  e x i s t i n g  r egu la to ry  system. I n  p a r t i c u l a r ,  t he  primary incen t ive  t h a t  
c u r r e n t l y  e x i s t s  i s  t he  expec ta t ion  t h a t  patronage w i l l  decrease with an inc rease  
i n  f a r e s .  Because of t h e  low p r i c e  e l a s t i c i t y  of demand, however, reduced patronage 
a t  h ighe r  f a r e s  w i l l  s t i l l  y i e l d  an inc rease  i n  revenues.* This op t ion  i s  considered 
t o  be long-term i n  na ture  s i n c e  thk I C C  i s  un l ike ly  t o  apply a  new s e t  of  r u l e s  t o  
e x i s t i n g  r a t e s ,  and e x i s t i n g  r a t e s  ( i n  r e a l  terms) have been assumed i n  t h i s  s tudy 
t o  be i n  e f f e c t  i n  1980. 

I n  o rde r  f o r  t he  I C C  t o  maintain a reasonable b a s i s  f o r  disal lowing c e r t a i n  
c o s t s ,  some means must be open t o  t h e  c a r r i e r s  f o r  lowering the  cos t  of s e rv i ce .  
Three broad a l t e r n a t i v e s  f o r  reducing t h e  cos t s  of bus s e r v i c e  a r e  b r i e f l y  examined 
below. They are :  1 )  use of more appropr i a t e  equipment and/or b e t t e r  u t i l i z a t i o n  of 
equipment; 2 )  b e t t e r  u t i l i z a t i o n  of  d r i v e r s ;  and 3)  use  of  o lde r  equipment. 

The use of more appropr i a t e  equipment e n t a i l s  t he  s u b s t i t u t i o n  of smal le r  
v e h i c l e s  ( e i t h e r  smal le r  convent ional  buses,  vans, o r  l imousines)  f o r  l a r g e r  ones 
i n  cases  where t h e  load f a c t o r  i s  t y p i c a l l y  low. The implementation of  t h i s  opt ion 
i s  i n  t h e  hands of  t he  ind iv idua l  bus companies, although i n  some cases  they  would 
need t o  secure  t h e  approval of t he  1 C C . M  The cos t  reduct ion  brought about by 

t h e  use of smal le r  veh ic l e s  would not  be very  l a r g e ,  s i n c e  t,he major cos t  of opera t ing  
a  bus i s  the  cos t  of t h e  d r i v e r .  Another shortcoming of t h i s  opt ion i s  t h a t  i.t, may 
c o n f l i c t  wi th  t he  most e f f i c i e n t  u t i l i z a t i o n  of equipment. 

The t y p i c a l  bus company has d i f f e r e n t  equipment requirements on d i f f e r e n t  pa.rt,s 
of' ~ t s  routes .  A 'balanced p i c t u r e  of  cost-saving i n  t h e  use of  equipment must recog- 
n l z e  the tYade-6YSs between t h e  bes t  type  o f  equipment, taken alone,  and t h e  cos t s  
of having the  most app ropr i a t e  equipment f o r  each s i t u a t i o n .  I n  t h e  l a t t e r  case,  
t h e  bus company might f i n d  i t s e l f  w i th  too  much unde ru t i l i zed  capac i ty ,  a s  equipment 

- 

3c The p r i c e  e l a s t i c i t y  of  demand f o r  bus t r a v e l  has been est imated a s  being i n  
t h e  neiphborhood of 0.436. (source:  El izabe th  Pinkston. The Intrlrcj  t.y Rus 
Transpor ta t ion  Indus t ry .  Unpublished Doctoral Th&sis, Yale Universi ty  (1975) 
P. 79) .  

SHC I n  some in s t ances ,  equipment r e s t r i c t i o n s  a r e  w r i t t e n  i n t o  t h e  c e r t i f i c a t e  
which grants  opera t ing  au tho r i ty .  Such cases  f requent ly  involve the  r i g h t s  

. . t o  opera te  l imousine se rv i ce ,  bu t  sometimes concern the  use of school-buses i n  
"second-class" s e rv i ce .  



s i t s  i n  t h e  garage wai t ing  f o r  t h e  appropr ia te  demand conf igura t ion .  The h ighly  
seasonal  na tu re  of t h e  demand f o r  bus t r a n s p o r t a t i o n  renders t h e  optimal planning 
of  equipment a d i f f i c u l t  t a sk .  Typical ly ,  t h e  f i r s t  q u a r t e r o f t h e  year  i s  one o f  
l i t t l e  demand, and, consequently,  of very  law load  f a c t o r s  on t h e  equipment i n  use. 
I n  sharp  con t r a s t ,  t he  t h i r d  q u a r t e r  i s  gene ra l ly  cha rac t e r i zed  by very high load  
f a c t o r s .  It i s  c l e a r l y  unreasonable t o  expect t he  bus companies t o  maintain two 
( o r  poss ib ly  th ree ,  when t h e  intermediate-demand qua r t e r s  a r e  considered)  d i f f e r e n t  
f l e e t s  of equipment. 

B e t t e r  u t i l i z a t i o n  of d r i v e r s  would presumably o f f e r  g r e a t  p o t e n t i a l  f o r  cos t  
savings because l abo r  accounts f o r  about 50 percent  of  t o t a l  opera t ing  expenses and 
roughly h a l f  of t h a t  i s  represented by dr ivers .+  I n  the  i n t e r e s t s  of  s a f e t y ,  however, 
var ious  r u l e s  regarding t h e  length  of t h e  work day and work week have been imposed. 
These coupled wi th  the  c a r r i e r s '  recogni t ion  t h a t  e f f i c i e n t  use o f  d r i v e r s  . i s  i n  
t h e i r  b e s t  i n t e r e s t  suggest  t h e  unl ikel ihood t h a t  any s u b s t a n t i a l  cos t - sav ings  remain 
t o  be r ea l i zed  i n  t h i s  a rea .  

Nevertheless,  it i s  t r u e  t h a t  some small  c a r r i e r s ,  employing nonunion l abo r ,  
a r e  c u r r e n t l y  providing s e r v i c e  a t  considerably lower cos t .  I n  Michigan, f o r  example, 
t h e  major c a r r i e r s  opera te  wi th  cos t s  of about $1.25 per  bus-mile, while  the  smal l  
r eg iona l  c a r r i e r s  have cos t s  i n  t h e  neighborhood of  $0.75 per  bus-mile.* This i s  
l a r g e l y  due t o  lower l abo r  cos t s ,  although o t h e r  f a c t o r s ,  such a s  t h e  use of o l d e r  
equipment and reduced t ehn ina l  c o s t s ,  may a l s o  come i n t o  play. Overal l ,  i t  i s  n e i t h e r  
l i k e l y  nor  d e s i r a b l e  t o  a f f e c t  t h e  outcome of l abo r  union negot ia t ions  through regula-  
t i o n .  

B e t t e r  u t i l i z a t i o n  of d r i v e r s  and equipment ( a s  descr ibed above) may be poss ib l e  
i f  advanced r e se rva t ions  f o r  bus s e r v i c e  were required.  However, t o  do s o  would 
d r a s t i c a l l y  a l t e r  t he  cha rac t e r  of t he  bus mode, decreasing t h e  f l e x i b i l i t y  
a s soc i a t ed  with i t  and making it l e s s  a t t r a c t i v e  f o r  shor t -haul  t r a v e l e r s .  In 
add i t i on ,  t h e  cos t  of a reserva t ions  system would be p roh ib i t i ve  unless  f a r e s  could 
be increased  s u b s t a n t i a l l y .  

The use of o lde r  equipment r ep re sen t s  another  op t ion  f o r  reducing t h e  cos t s  of 
providing serv ice .  There a r e  c u r r e n t l y  a few rou te s  on which a c a r r i e r  has  t h e  
a u t h o r i t y  to engage in a so-ca l led  "second-class" s e rv i ce ,  which t y p i c a l l y  involves 
t h e  use of o lde r  buses of t h e  school-bus v a r i e t y .  On t h e s e  r o u t e s ,  t h e  f a r e s  a r e  
gene ra l ly  lower than  t h e y  would be i f  more modern equipment were employed. When 
t h e s e  cases  involve d i r e c t  geographical  competit ion with t h e  " f i r s t - c l a s s "  s e rv i ce  

* Arnold Levine. OfSice of Transportat ion Pol icy  Development. U.S. Department 
of Transportat ion.  November, 1976. 

, " J e r r y  Rudnick. I n t e r c i t y  Passenger Transportat ion Divis ion.  Michigan Department 
of Transp.ortation. November 3, 1976. 



of another c a r r i e r ,  t h e  I C C ,  . awarding operat ing au thor i ty ,  s p e c i f i e s  the  type of 
equipment t o  be allowed, so  t h a t  "duplicat ion of service" i s .avoided.  Where equip- 
ment r e s t r i c t i o n s  have been wr i t t en  i n t o  t h e  operat ing c e r t i f i c a t e s ,  the  I C C  would 
have t o  be induced t o  change t h e  c e r t i f i c a t e s  in order t o  e f fec tua te  t h i s  pol icy  
option.  Objections could be expected from the  equipment manufacturers, a s  wel l  a s  
from t h e  c a r r i e r s  which p r e f e r  the  s t a t u s  quo over experimenting with a l t e r n a t i v e  
types o r  q u a l i t i e s  of service .  

Currently,  the  p r i n c i p a l  a rea  i n  which older  equipment i s  used i s  i n  char ter  
s e r v i c e ,  and the  r a t e s  charged for .such service  depend importantly on t h e  type of 
equipment. The f a c t  t h a t  some groups p r e f e r  t h e  low-cost, low-quality-of-equipment 
configurat ion i n  cha r t e r  service  ind ica tes  t h a t  t h e  p o t e n t i a l  f o r  such a demand 
e x i s t s  within the  ranks of t h e  regular-route t r a v e l e r .  

A l l  t h ree  pol icy  options described above could current,ly be  implemented by the  
bus companies with very l i t t l e  need f o r  regulatory commission act ion.  Betame the  
c a r r i e r s  have not chosen t o  implement such s t r a t e g i e s ,  one can i n f e r  t h a t  they a re  
not regarded as prof i t a b l e ,  o r  even f e a s i b l e  , al.t;ttrr~aL lves 'by Llle i i ~ d i v i d u a l  can-iel-s . 
The h e s i t a t i o n  t o  implement these  cost-saving a l t e r n a t i v e s  might be due primari ly t o  
each company's concern about not going out on a limb, engaging in a c t i v i t i e s  qui te  
d i f f e r e n t  from t h e  r e s t  of t h e  industry.  Through the  rate-making procedure, the  
I C C  might be able  t o  induce a number of companies t o  take co l l ec t ive  ac t ion  i n  t h i s  
regard ,  thereby i n s w i n g  t h e  s a f e t y  of nhnbers. The industry,  however, i s  l i k e l y  
t o  s t rongly  oppose such a c t i o n  on t h e  p a r t  of t h e  I C C ,  based on in ter ference  with 
management autonomy. I n  addi t ion ,  the  net  benef i t  t o  t h e  t r ave l ing  public  of such 
a c t i o n  by t h e  I C C  i s  questionable. 

I n d i r e c t  sgbsidg of bus f a r e s .  - - - - -  - - - - - - - -  The f e d e r a l  government could, through income 
t a x  deductions or  rebates  f o r  bus patrons,  i n d i r e c t l y  subsidize regular-route i n t e r -  
c i t y  bus f a res .  The advantage of i n d i r e c t  subsidy, a s  opposed t o  d i r e c t l y  recompens- 
ing  t h e  bus c a r r i e r s  f o r  charging reduced f a r e s ,  l i e s  i n  i t s  circumvention of the  
i n d u s t r y ' s  operating and regula tory  s t ruc tu re .  The industry could continue t o  be 
guided b y  standards of p r o f i t a b i l i t y  within the  context of the  e x i s t i n g  regulatory 
framework. 

However, a number of problems would be  encour~lered with a scheme t o  reduce 
f a r e s  by  subsidizing users .  Clear ly ,  the  s t ruc tu re  of t h e  program would have t o  be 
c a r e f u l l y  designed. I n  p a r t i c u l a r ,  bus r ide r sh ip  t y p i c a l l y  comprises a  l a rge  pro- 
por t ion  of lower-income groups, such a s  s tudents  and t h e  e lde r ly .  Many patrons 
may not  be paying any taxes  at  a l l .  Others may not perceive a t a x  incentive a s  a 
f a r e  reduction. Assuming, never the less ,  t h a t  an adminis t ra t ive ly  f e a s l b l e  progrtun 
could be designed, it would s t i l l  face  broadly based l e g i s l a t i v e  r e s t r a i n t s .  



Congress has t r a d i t i o n a l l y  opposed proposais  suggest ing any in t e r f e rence  with 
an i n d i v i d u a l ' s  freedom of choice.. An example of t h i s  oppos i t ion  i s  provided by  t h e  
recent  in t roduct ion  of a b i l l  i n  t h e  Senate t o  d isa l low f i r s t  c l a s s  a i r  and r a i l  
t r a v e l  a s  a business  expense t a x  deduction. Arguments i n  favor  of passage poin ted  
out  t h e  s u b s t a n t i a l  subsidy ( i n  terms of revenue foregone)  t h a t  t h e  f e d e r a l  govern- 
ment was paying t o  f i r s t  c l a s s  bus iness  t r a v e l e r s .  Debate, neve r the l e s s ,  kept  
r e tu rn ing  t o  t h e  i ssue  of personal  choice: i f  t h i s  one passes ,  what w i l l  be  next?* 
The b i l l  voted down by  a s u b s t a n t i a l  margin. Given t h a t  a  proposal  t o  subs id ize  bus 
pa t rons  not  only chal lenges t h e  Congressional s tance  on freedom of choice b u t  a l s o  
would r e s u l t  in . reduced  tax revenues ( a s  opposed t o  t h e  increased  revenues i n  t h e  
above example), t h e  p o t e n t i a l  f o r  passage i s  considered low.** 

Di rec t  sub s i g  of k u ~  g a ~ e s .  - - - - - -  - -  A proposal  t o  d i r e c t l y  subs id ize  bus f a r e s  
would e l imina te  t h e  opposi t ion t o  i n t e r f e rence  wi th  personal  choice descr ibed  above 
with regard t o  t h e  i n d i r e c t  subsidy a l t e r n a t i v e .  It would s t i l l ,  however, encounter 
t h e  growing momentum i n  Congress and t h e  Executive f o r  private-market so lu t ions  t o  
problems of publ ic  concern. Opposition t o  a subsidy proposal  f o r  t h e  bus indus t ry  
would be p a r t i c u l a r l y  s t rong  s ince  t h e  c a r r i e r s  have, throughout t h e i r  opera t ions ,  
been a b l e  t o  supply e s s e n t i a l  t r a n s p o r t a t i o n  se rv i ces  without pub l i c  support .  

There a r e  two i n t e r r e l a t e d  bases f o r  t h e  t eno r  of opposi t ion t o  subsidy 
a l t e r n a t i v e s .  The f i r s t ,  by drawing on t h e  lessons  u: t h e  p a s t ,  concludes t h a t  
us ing  subsidy t o  co r r ec t  imbalances i n  f a c t  c r ea t e s  f u r t h e r ,  a l b i e t  d i f f e r e n t :  
sources of imbalance. On t h i s  base ,  t h e  argument t h a t  t h e  bus indus t ry  must compete 
with t h e  subsidized a i r  and r a i l  modes, and, t h e r e f o r e ,  should,  i t s e l f  rece ive  publ ic  
f i n a n c i a l  a s s i s t ance .  

*Phi l  Bakes, Senate Subcommittee on Administrat ive P rac t i ce s  and Procedures. 
November, 1976 

*+Other arguments could (and probably would) be  brought t o  bear  on t h e  i ssue .  
These include t h e  d e s i r a b i l i t y  of subs id iz ing  a p r o f i t a b l e  indus t ry ,  t h e  p o t e n t i a l  
f o r  e f f e c t i v e l y  subs id iz ing  mob i l i t y  r a t h e r  than  f a r e s ,  and so f o r t h .  



The second base f o r  opposi t ion t o  subsidy draws on numerous examples of 
i n e f f i c i e n c i e s  harbored and p ro t ec t ed  b y  t h e  a v a i l a b i l i t y  of f e d e r a l  o r  s t a t e  subsidy. 
The S t a t e  of New Je r sey ,  f o r  example, has  been providing subs id i e s  t o  commater bus 
ope ra t ions  s ince  1970 i n  order  t o  a s su re  t h e  maintenance of e s s e n t i a l  services ."  
The program i s  s t r u c t u r e d  so as t o  provide funds s u f f i c i e n t  f o r  c a r r i e r s  t o  break  
even on t h e i r  opera t ion ,  wi th  no allowance f o r  p r o f i t .  There i s  no incen t ive  b u i l t  
i n t o  t h e  program f o r  t h e  c a r r i e r s  t o  opera te  p r o f i t a b l y .  Moreover, t h e  system has 
been descr ibed  a s  pena l iz ing  succes s fu l  opera tors  by depriving them of S t a t e  funds. **. 
For t h e  S t a t e  of New Jersey ,  t h e  bottom l i n e  has been a growth i n  subsidy requi re -  
ments from $500,000 i n  1970 t o  an astounding $40 mi l l i on  i n  1976.** 

The dangers of using subs id ies  t o  achieve pub l i c  goa ls  t h e r e f o r e  include t h e .  
genera t ion  of unintended s i d e  e f f e c t s ,  o r  system imbalances, t h e  proToabil i ty  of 
promoting i n e f f i c i e n t  opera t ion ,  and t h e  i n s t i t u t i o n a l i z a t i o n  of' an i n i t i a l l y  modest 
spendin'g program which i s  l i k e l y  t o  grow &t &n eXpolieritial rate. KepresenlLatives 
of t h e  bus indus t ry  have a d d i t i o n a l  r e se rva t ions  about proposals  f o r  subs id iza t ion  
of  f a r e s .  Of major concern a r e  t h e  opera t ing  requirements t h a t  may be  imposed.from 
involvement of t h e  indus t ry  i n  t h e  p o l i t i c a l  arena. Amtrak h a s ,  f o r  example, been 
sub jec t  t o  c e r t a i n  p o l i t i c a l l y  motivated opera t ing  requirements a s  a consequence of 
i t s  r e l i a n c e  on f e d e r a l  subsidy. I n  a d d i t i o n  t o  t h e  concern over t h e  p o s s i b i l i t y  of 
becoming a p o l i t i c a l  f o o t b a l l ,  t h e  indus t ry  has -voiced r e se rva t ions  over t h e  s t r u c -  
t u r e  of a  f a r e  subsidy program.**** 

-- 
+Passage of enabl ing l e g i s l a t i o n  f o r  t h e  subsidy program w a s  antedated by enor- 
mous pub11.c outcry  when a  couple of bus companies went ou t  of business .  ( ~ i P 1  
C a r r o l l ,  Supervisor ,  Bus Bureau, Commuter Operating Agnecy, New Je r sey  Depart- 
ment of Transpor ta t ion .  December, 1976. ) 

+*Peter E. S t ang le ,  Ass i s t an t  Commissioner f o r  Publ ic  ' I ranspor ta t ion ,  New Je r sey  
Department of  Transportat ion.  (As  r epo r t ed  i n  t h e  Washington Post . )  

+*nid .  ( Inc ludes  subsidy t o  commuter r a i l .  ) 

+*+*For example, t h e  indus t ry  a s s e r t s ' t h a t  it could not comply with t h e  l abo r  requi re -  
ments app l i cab le  under t h e  Ur'ban Mass Trans i t  Administrat ion.  [Charles  Webb, 
P re s iden t ,  Nat iona l  Associat ion of Motor Bus Owners. November 30, 1976.1 



The i s s u e  of admin i s t r a t i ve  c o n t r o l  i s ,  moreover, of cons iderable  magnitude in 
an indus t ry  comprising more than  900 independent c a r r i e r s ,  ranging i n  s i z e  from 
" ~ a  and Pa"-type opera t ions  t o  t h e  Greyhound and Cont inenta l  Trailways Systems, and 
serv ing  over 15,000 c i t i e s  i n  t h e  United S t a t e s  ( ~ e f .  62) .  Compounding t h e  problem 
a r e  i ndus t ry  a s s e r t i o n s  t h a t  most companies must i n t e r n a l l y  c ross -subs id ize  t h e i r  
opera t ions  i n  order  t o  meet regula tory  requirements ( p a r t i c u l a r l y  of t h e  S t a t e s )  
f o r  s e rv i ce  cont inua t ion .  The p r o f i t a b l e  c h a r t e r  ope ra t i cns ,  f o r  example, a r e  pur- 
por ted  t o  support regular - route  s e rv i ces .  S imi l a r ly ,  it i s .  argued t h a t  p r o f i t a b l e  
regular - route  s e rv i ce ,  such as i n  high-densi ty  c o r r i d o r s ,  a l lows cont inua t ion  of 
unpro f i t ab l e  r u r a l  s e rv i ce .  And furthermore, i ndus t ry  spokesmen have descr ibed  
s i t u a t i o n s  i n  which c e r t a i n  s t a t e s ,  by v i r t u e  of t h e i r  d e n s i t i e s  and/or r egu la to ry  
systems a r e ,  i n  e f f e c t ,  subs id iz ing  opera t ions  i n  o the r  s takes.* While t h e  c a r r i e r s  
have no t  shown evidence of cross-subsidy on a route-by-route  b a s i s ,  t h e r e  i s  no com- 
p e l l i n g  reason t o  d i sbe l i eve  t h e i r  content ions.  The complexi t ies  of such a s t r u c t u r e  
i n d i c a t e  t h a t  i n s t i t u t i o n  of a subsidy program would r equ i r e  e i t h e r  foresaking  . 

admin i s t r a t i ve  c o n t r o l  o r  l i b e r a l i z i n g  e n t r y  and e x i t  c o n t r o l s  t o  s t r a i g h t e n  out t h e  
accounts.  This l a t t e r  a l t e r n a t i v e  i s  considered t o  be more p a l a t a b l e  t o  a c o s t -  
conscious Congress, bu t  i s  never the less  sub jec t  t o  numerous r e s t r a i n t s ,  a s  descr ibed  
i n  a subsequent s ec t ion .  

Overa l l ,  d i r e c t  subs id i za t ion  of bus f a r e s  i s  not l i k e l y  t o  ga in  acceptance 
during t h e  next f i v e  years .  Alone, t h i s  s t r a t e g y  does not r e s u l t  i n  abso lu t e  energy 
sa.vIngs. Consequently, implementation under c r i s i s  condi t ions  i s  a l s o  unl ike ly .  I f  
a combination of reduced bus f a r e s  with o ther  s t r a t e g i e s  r e s u l t s  i n  s u b s t a n t i a l  energy 
savings,  then  implementation a s  a contingency p lan  would b e  poss ib l e  (pol icy  Analysis  
of F i n a l  s t r a t e g i e s ) .  

Deregulat ion of t h e  m o t o r . g a r r i e r  industg:  - -  - - - - - - - - - -  - - - - - -  Proposals  - f o r  deregula t ion  of 
t h e  motor c a r r i e r  i ndus t ry  a r e  p r imar i ly  aimed at c a r r i e r s  of proper ty  a s  opposed 
t o  passengers.  The Motor C a r r i e r  Reform Act of  1976 ( ~ . 2 9 2 9 ) ,  however, would a l s o .  
have a s i g n i f i c a n t  e f f e c t  on t h e  bus indus t ry .  The primary impact,** and t h a t  which 
i s  genera t ing  t h e  g r e a t e s t  controversy,  involves t h e  l i b e r a l i z a t i o n  of e n t r y  i n t o  
t h e  bus iness  of t r a n s p o r t i n g  passengers by  motor c a r r i e r  i n  i n t e r s t a t e  commerce. 

*Nicholas E. Bade, Di rec tor  of Marketing-East Coast ,  Greyhound Lines,  Inc. 
December 1, 1976. 

**Other provisiorls which would a f f e c t  t h e  bus indus t ry  include:  r a t e  bureau pro- 
v i s i o n s  which may jeopardize the  c o l l e c t i v e  cons idera t ion  of f a r e s  and r a t e s  by 
bus c a r r i e r s ;  t h e  revocat ion of c e r l i r i c a t e s  f o r  s a f e t y  v i o l a t i o n s ;  t h e  merger 
provis ions  which would remove a n t i - t r u s t  immunity from motor c a r r i e r  consol ida t ions ;  
a ~ i d  a11 a i r c r a f t  exemption which would r e p e a l  t h e  cu r r en t  exemption accorded t o  
bus c a r r i e r s  f o r  t r a n s p o r t a t i o n  i n c i d e n t a l  t o  air t r a n s p o r t .  [Statement of t h e  
Nat iona l  Associat ion of Motor Bus Owners t o  t h e  Senate Committee on Commerce on 
Proposed Leg i s l a t i on  on Reform of Motor C a r r i e r  Regulation. October 18, 1976.) 



Two major i s s u e s  a r e  involved i n  t h e  bus i n d u s t r y ' s  oppos i t ion  t o  freedom of 
e n t r y .  F i r s t ,  t h e  Adminis t ra t ion ' s  b i l l  (s.2929) does not preempt S t a t e  c o n t r o l  
over  e x i t .  I n  many in s t ances ,  it i s  t h e  S takes '  r e f u s a l  t o  permit discont inuance 
of a p a r t  of i n t r a s t a t e  s e r v i c e  which b inds  a c a r r i e r  t o  cont inua t ion  of unpro f i t ab l e  
i n t e r s t a t e  se rv ice .  Since it i s  unreasonable t o  expect new e n t r a n t s  i n t o  t h e  bus 
i n d u s t r y  t o  i n i t i a t e  s e r v i c e  on unpro f i t ab l e  rou te s ,  t h e  e x i s t i n g  c a r r i e r s  would be 
at  a f i n a n c i a l  disadvantage if forced  b y  t h e  S t a t e  r egu la to ry  bodies  t o  maintain 
se rv i ce '  on such routes .  

The second major a r e a  of oppos i t ion  t o  l i b e r a l i z e d  e n t r y  i s  more complex. It 
involves  t h e  prospect  o f :  1) subs id i za t ion  of i n t e r c i t y  bus se rv i ce  a t  p laces  where 
d iscont inuance  would r e s u l t  from u n r e s t r i c t e d  e n t r y  and e x i t ;  2 )  t h e  p o t e n t i a l  f o r  
a massive i n f l u x  of new e n t r a n t s  which would c r e a t e  overcapac i ty  and reduce ca r -  
r i e r  v i a b i l i t y  on t h e  p r o f i t a b l e  rou te s ;  and 3) t h e  prospec t  of numerous fly-by-night 
o p e r a t o r s  endangering pub l i c  s a f e t y  and d i s c r e d i t i n g  t h e  e n t i r e  bus indii.stry.* To 
some e x t e n t ,  t he se  arguments aga ins t  freedom of e n t r y  and e x i t  p a r a l l e l  those  made 
by t h e  a i r l i n e  indus t ry .  There i s ,  however, a  ma,jor d i f f e r ence :  a i r l i n e  operat ions 
a t  l e a s t  r e q u i r e  an  a i r p o r t ,  whereas bus opera t ions  can be i n i t i a t e d  bet,we~tn a n y  
two p o i n t s  connected by a  road. As a . r e s u l t ,  not only a r e  t h e  b a r r i e r s  t o  e n t r y  
n e g l i g i b l e ,  bu t  t h e  oppor tuni ty  f o r  p r o l i f e r a t i o n  of bo th  respons ib le  and i r r e spons ib l e  
carriers is great.** 

Data upon which t o  base an assessment of  t h e  impact of freedom of e n t r y  i n t o  
t h e  bus indus t ry  i s  not  a v a i l a b l e .  Economists have contended t h a t  t h e  r egu la t ion  of 
t h e  ind i l s t ry  i s  not' necessary t o  ensure e f f i c i e n t  a l l o c a t i o n  of resources.*** I n  
p a r t i c u l a r ,  it i s  argued t h a t  t h e  indus t ry  i s  not  a n a t u r a l  monopoly and does not 
have a high r a b i o  of f i x e d  t o  v a r i a b l e  c o s t s  which might l e a d  t o  undesirable  p r i c i n g  
behavior .  k 'hile t r a n s i t i o n  c o s t s  a r e  recognized a s  a concomitant of deregl l la t ion,  
t h e y  a r e  not  pred ic ted  t o  be very  great.**** 

"Clharles Webb, P re s iden t ,  Nat iona l  Associat ion of Motor Bus Owners , December, 
1976; P h i l  Nagle, United Bus Owners of America, December, 1976; J. J. Rudnick, 
Act ing  Administrator ,  I n t e r c i t y  Passenger Transport Divis ion,  Michigan Depart- 
ment of Transpor ta t ion ,  December, 1976; Nicholas Bade, Di rec tor  of Marketing- 
Eas t  Coast,  Greyhound Lines,  Inc. ,  December;1976; and Dennis Barron, Vice 
P re s iden t  of Marketing, Cont inenta l  Trailways, December, 1976. 

**J. J. Rudnick, Acting Administrator .  I n t e r c i t y  Passenger Transport DiBision. 
Michigan Department of Transpor ta t ion .  December, 1976. 

***Elizabeth Pinkston. The I n t e r c i t y  Bus Transpor ta t ion  Industry.  Unpublished 
Doctoral  Thesis ,  Yale Univers i ty .  1975. p. 169. 



The exis tence  of i n t e r n a l  c ross - route  subs id i za t ion  wi th in  t h e  regular - route  
s e rv i ce  of t h e  i n t e r c i t y  bus indus t ry  i n d i c a t e s  that '  l i b e r a l i z e d  e n t r y  and e x i t  
would neces.s i ta te  subs id i za t ion  of unpro f i t ab l e  rou te s  i n  order  t o  maintain service.* 
The n e t  r e s u l t  of increased  competit ion, however, may be  s u b s t a n t i a l  f a r e  reduct ions  
on t h e  p r o f i t a b l e  routes .  In  t h i s  manner t h e  ob jec t ives  of t h e  s t r a t e g y  t o  reduce 
bus f a r e s  would, a t  l e a s t  i n  p a r t ,  be met. 

Overa l l ,  motor c a r r i e r  r egu la to ry  reform hinges on t h e  t ruck ing  indus t ry  , r a t h e r  
than  t h e  bus indus-Lry. The Department of Transpor ta t ion  f avor s  deregula t ion .  With 
regard  t o  t h e  bus indus t ry ,  t h e  DOT, al though s t i l l  s tudying t h e  p o t e n t i a l  impact, 
e x p e c t s , t h a t  deregula t ion  w i l l  c r e a t e  a s t imulus f o r  lower-cost ,  more a t t r a c t i v e  bus 
service." The opposi t ion t o  motor c a r r i e r  r egu la to ry  reform i s ,  never the less ,  sub- 
s t a n t i a l .  Even i f  a i r l i n e  reform paves t h e  way over t h e  next year ,  it w i l l  s t i l l  
be  a t  l e a s t  two o r  t h r e e  years  before  motor c a r r i e r  economic r egu la t ion  i s  l i b e r a l i z e d .  

Provide a discount  of 50 percent  on meals and lodging.  This s t r a t e g y  
i s  c u r r e n t l y  being implemented i n  a l i m i t e d  manner by  Greyhound Lines,  Inc. Through 
t h e i r  network of Post Houses, Greyhound enables  passengers t o  purchase discount  meal 
t i c k e t s  i n  conjunction with t h e i r  regular - route  bus t i c k e t s .  Greyhound a l s o  has 
n a t i o n a l  con t r ac t s  with h o t e l s  i n  nea r ly  40 major c i t i e s  through which bus patrons 
obta in  reduced r a t e s  when they  e l e c t  t o  t ake  advantage of t h e  Slumber Stop Service.  
These d iscounts ,  which average about 1 0  t o  15  percent ,  were i n i t i a t e d  and a r e  marketed 
a s  a convenience t o  passengers r a t h e r  than  j u s t  a c o s t  savings.*** 

While t hese  discounts  do c u r r e n t l y  e x i s t ,  t h e  prospect  of increas ing  t h e  d i s -  
count t o  around 50 percent  was rece ived  a s  a  completely d i f f e r e n t  program by both 
h o t e l i e r s  and t h e  bus industry.**** The e x i s t i n g  discounts  incur  e s s e n t i a l l y  no 
incremental  cos t  t o  e i t h e r  pa r ty .  A t  a r a t e  of 50 percent ,  however, t h e  revenues 
foregone (o r  c o s t s  incur red)  by provis ion  of d i scounts  would amount t o  a considerable  
sum. For lodging,  i n  p a r t i c u l a r ,  guarantee of a room would be  un l ike ly  a t  a  discount  
of 50 percent .  

*In some cases ,  p r o f i t a b l e  s e rv i ce  may be  provided by a lower-cost c a r r i e r .  
Overa l l ,  it i s  not poss ib l e  t o  es t imate  t h e  ex t en t  of . subs id i za t ion  t h a t  maY'hp 
neccoaary. 

**Arnold Levine;.Office of Transpor ta t ion  Po l i cy  Development, U. S. Department 
of Transportat ion.  December, 1976. 

***Mr. G. Mahrley, Marketing Di-v'ision, Greyhound Lines,  Inc..  December 6 ,  1976. 

****Mr. G. Mahrley, Marketing Divis ion,  Greyhound Lines ," Inc .  December, 1976 and 
Dennis. Bsrron, Vice Preside11 L, Marketing, Cont inenta l  Trailways. December, 1976, 
and P a t t y  Ann McGee, Hotel  Marketing, Mar r io t t ,  Inc .  December, 1976, 



On t h i s  b a s i s ,  it i s  u n l i k e l y  t h a t  t h e  bus indus t ry  w i l l  v o l u n t a r i l y  nego t i a t e  
i n t e r - i n d u s t r y  agreements t o  provide 'patrons wi th  d iscounts  of 50 percent  on meals 
and lodging.  Subs id iza t ion  of such a program by  t h e  f e d e r a l  government i s  a l s o  
u n l i k e l y  i n  t h a t  it would b e  r e s t r a i n e d  by  t h e  oppos i t ion  of bo th  t h e  d i r e c t  and 
i n d i r e c t  programs proposed under f a r e  subs id i e s  (above). 

Provide a discount  of $5.00 on d e s t i n a t i o n  c o s t s  f o r  bus pa t rons .  
This  s t ra teg j r  i s  aimed at reducing t h e  advantage of automobile t r a v e l  i n  l o c a l  t rans- .  
p o r t  w i th in  t h e  d e s t i n a t i o n  c i t y .  Four a l t e r n a t i v e s  f o r  meeting t h i s  ob jec t ive  were 
eva lua ted .  The f i r s t  . two, a u t o  r e n t a l  d i scounts  and t a x i  f a r e  vouchers,  r e f l e c t  
d i scoun t s  i n  t h e  d o l i a r  c o s t  of l o c a l  transporta.!;ion. The laot two, sl-1burba.n t,ermin@l 
cons t ruc t  ion and. i n t e g r a t i o n  of  urban and i n t e r - . c i t y  transport,Ftt,ion networks, a r e  
aimed a t  inc reas ing  t h e  convenience of l o c a l  t raslsport  i n  the dest lriat iosl c i , Ly .  

Auto r e n t a l  d i scounts  have been o f f e red  by  Greyhound i n  t h e  Ameri-pass discount  
guide.  These, l i k e  t h e  hot,el and lodging d iscounts ,  r equ i r e  l i t t l e  i f  any a d d i t i o n a l  
expendi ture  and provide a convenience f o r  bus patrons.  -A survey of passenger use of  
t h e  d i scoun t s ,  however, i nd i ca t ed  t h a t  t h e  c a r  r e n t a l . o p t i o n  was used very  l i t t l e . "  
The survey f u r t h e r  i nd ica t ed  t h a t  most bus pa t rons  a r e  e i t h e r  picked up by r e l a t i v e s  
a t  t h e  t e rmina l  o r  t a k e  publ id t r a n s p o r t a t i o n  t o  t h e i r  dest inat ion,** 

Issuance of t a x i  f a r e  vouchers with purchase of a bus t i c k e t - h a s  not  apparent ly  
been t r i e d  Sy t h e  c a r r i e r s .  A number of f a c t o r s  make t h e  opt ion  r e l a t i v e l y  una t t r ac -  
t i v e .  F i r s t ,  it would probably r equ i r e  d i r e c t  expenditure  'on t h e  p a r t  of t h e  c a r r i e r s .  
Second, it would not  have the  marketing advantage of providing g r e a t e r  consumer con- 
venience.  Third,  by t h e  bus i n d u s t r y ' s  own' survey (above) t h e  prospect  f o r  
i nc reased  s a l e s  does not appear t o  be  l a r g e .  And P ina l ly ,  t he  req,uir.elnents f o r  ~ e e d  
money in  n t . h ~ r  Drograms pu t s  t h i s  comparatively r i s k y  venture  at a disadv.antage. 

Nei ther  of t h e s e  a l t e r n a t i v e s  has  s i g n i f i c a n t  p r o b a b i l i t y  of  widespread adoption 
on a volunt,ary b a s i s .  Subs id iza t ion  by t h e  f e d e r a l  government i s  a l s o  un l ike ly ,  as 
p rev ious ly  descr ibed.  I n  c o n t r a s t ,  cons t ruc t ion  of  suburban te rmina ls  and increased  
i n t e g r a t i o n  of urban and  i n t e r c i t y  t r a n s p o r t a t i o n  networks a r e  c u r r e n t l y  being under- 
taken  by p r i v a t e  and goverrm~ental bodies .  As descr ibed  below, t hese  opt ions  f o r  
i nc reas ing  t h e  corivenience of l o c a l  t r a n s p o r t  in d e s t i n a t i o n  c i t i e s  ho ld  t h e  g r e a t e s t  
p o t e n t i a l  f o r  achieving t h e  e f f i c i e n c y  ga ins  of t h i s  s t r a t e g y .  

*Mr. G. Mahrley, Marketing Divis ion,  Greyhound Lines,  Inc.  ~ e c e m b e r ,  1976. 



Both Greyhound and Cont inenta l  Trailways have s t a r t e d  programs of suburban 
te rmina l  cons t ruc t ion .  Such te rmina ls  c a t e r  t o  passengers t r a v e l i n g  from t h e  
suburbs of one c i t y  t o  t h e  suburbs of another ,  t r i p s  which r ep re sen t  an increas-  
i n g l y  importan.t segment of i n t e r c i t y  t r a v e l  demand. Not only do t h e s e  t e rmina l s  
i nc rease  convenience f o r  t r a v e l e r s  i n  ou t ly ing  a r e a s ,  t hey  a l s o  m i t i g a t e  t h e  growing 
f e a r s  t h a t  some people have regard ing  t h e  downtown a r e a s  where bus te rmina ls  have 
t r a d i t i o n a l l y  been loca ted .  

To d a t e ,  bus s e rv i ce  t o  suburban t e rmina l s  has  a l s o  connected a t  the '  downtown 
terminals.* Consequently, t h e r e  i s , a n  inc rease  i n  te rmina l - to- te rmina l  t r a v e l  time 
f o r  pa t rons  wi th  downtown o r i g i n s  and des t ina t ions .  I n  t h e  f u t u r e ,  however, one 
indus t ry  spokesman has i nd ica t ed  t h a t  s e r v i c e  on s e l e c t e d  rou te s  w i l l  be ' p rov ided  
between suburban te rmina ls  without downtown connect ions.  ** 

R e s t r a i n t s  on widespread cons t ruc t ion  of suburban t e rmina l s  a r e  primarily 
economic. Costs  per  t e rmina l  range upward from about $100,000.*" T r a d i t i o n a l l y ,  
t h e  t e rmina l  problem has been l e f t  t o  t h e  ind iv idua l  companies t o  handle,  except i n  
a few c i t i e s  where t h e r e  a r e  union te rmina ls  se rv ing  a l l  i n t e r c i t y  bus t r a f f i c .  ** 
~ e c e n t l y ,  however, t h e  f e d e r a l  and s t a t e  governments have shown considerable  support 
f o r  t h e  cons t ruc t ion  of intermodal te rmina ls .  This  phenomenon i s  descr ibed i n  more 
d e t a i l  i n  l a t e r  sec t ions .  With regard  t o  t h i s  s t r a t e g y ,  government involvement i n  
t e rmina l  cons t ruc t ion  and renovat ion may promote passenger convenience .but i s  unll.kely 
t o  be  i n i t i a t e d  for t h a t  purpose. 

The a l t e rna$ ive  of promoting i n t e g r a t i o n  of urban and i n t e r c i t y  t r a n s p o r t a t i o n  
networks i s  a l s o  un l ike ly  t o  be  i n i t i a t e d  f o r  t h e  purposes of t h i s  s t r a t egy .  I n  
p a r t i c u l a r ,  funding f o r  such p r o j e c t s  i s  l i k e l y  t o  come from UMTA, thereby g iv ing  t h e  
leverage  t o  t h e  urban a s  opposed t o  t h e  i n t e r c i t y  t r a v e l  market. Nevertheless ,  t h e  
oppor tun i t i e s  f o r  promoting bus r i d e r s h i p  by such i n t e g r a t i o n  may be  s u b s t a n t i a l .  

*Arnold Levine, Off ice of Transpor ta t ion  Po l i cy  Development, U.S. Department of 
Transpor ta t  ion ,  November, 1976. 

**Nicholas Bade, Di rec tor  of Marketing-East Coast,  Greyhound Lines ,  Inc.  December, 
1976. 

*+*lTational Bus T r a f f i c  Associat ion.  Statement of E ~ i d e n c e  i n  J u s t i c i a t i o n :  General 
Fare Increase  Passenger Fares  and Express Rates.  F i l ed .  October 22, 1976. 

****Frequently, a r eg iona l  c a r r i e r  has  arrangements with e i t h e r  Greyhound o r  T r a i l -  
ways t o  make use of i t s  t e rmina l  f ac i l - i t i e s .  , Such arrarlgements bene f i t  t h e  
passengers ,  by f a c i l i t a t i n g  i n t e r l i n e  connections, a s  w e l l  as t h e  c a r r i e r s ,  which 
ga in  from more r i d e r s h i p  as a r e s u l t  of t h e  e a s i e r  connections. 



The S t a t e  of Michigan, i n  p a r t i c u l a r ,  has  made a conscious e f f o r t  t o  promote 
a l l  forms of pub l i c  t r a n s p o r t a t i o n .  (o the r  programs undertaken by  t h e  S t a t e  a r e  
desc r ibed  i n  a l a t e r  s e c t i o n . )  I n  developing demand-responsive (d i a l - a - r ide )  systems 
f o r  urban a reas ,  f o r  example, an abandoned gas s t a t i o n  may be  s e t  up a s  a  d i spa tch  
o f f i c e  f o r  t h e  urban system with a wai t ing  room and t i c k e t  counter  f o r  use  by i n t e r -  
c i t y  bus  patrons.  The d i a l - a - r i d e  opera tor  t hen  a c t s  a s  ar, agent  f o r  t h e  i n t e r c i t y  
bus company and r e c e i v e s  commissions on t i c k e t  sales .* A s  a r e s u l t ,  t h e  i n t e g r a t i o n  
i s  b e n e f i c i a l  t o  t h e  i n t e r c i t y  bus system, t h e  l o c a l  t r a n s p o r t a t i o n  network, and 
most important ly,  t o  t h e  pub l i c  a t  l a r g e .  

Reduce bus t r a v e l  t ime by 1 0  percent .  Three a l t e r n a t i v e s  were con- 
s i d e r e d  f o r  s t imu la t ing  a reduct ion  of 1 0  percent  i n  bus t r a v e l  time. The f i r s t  
a l t e r n a t i v e ,  a l lowing h ighe r  speed l i m i t s  f o r  buses ,  would r e q u i r e  l e g i s l a t i o n  by 
f e d e r a l  and s t a t e  governments and would almost cer tair l ly  be r e j e c t e d  on oa fc ty  
grounds. (,See discussivrl  on Auto Stra-begileu. ) The  seclji~d a l$e~nat j .vc ,  dodicat ion 
of bus l a n e s  a t  c i t y  end-points  o r  on i n t e r c i t y  r o u t e s ,  ,would n e c e s s i t a t e  (depending 
on t h e  road)  c i t y ,  county, s t a t e ,  o r  f e d e r a l  approval.  Such approval  i s  r e s t r a i n e d  
by  t h e  o v e r a l l  o r i e n t a t i o n  of highway o f f i c i a l s  toward maximization of velii~:le, as 
opposed t o  passenger,  throughput.  I n t e r c i t y  bus l a n e s  a r e  h igh ly  u n l i k e l y  over t h e  
s h o r t  term. Dedication of bus l a n e s  at. c i t y  end-points,  which decreases t r a v e l  
t h e  p r imar i ly  during rush hours ,  i s  l i k e l y  t o  cont inue,  bu t  i n  response t o  urban 
and commuter, a s  opposed t o '  i n t e r c i t y ,  t r a v e l  needs. 

The t h i r d  a l t e r n a t i v e ,  p rovis ion  of rr1ol.e express  bus se rv i ce ,  o f f e r s  t h e  
g r e a t e s t  p o t e n t i a l  f o r  short- term implementation. Bus rou te s  t h a t  serve many l o c a l  
comm-mities t y p i c a l l y  provide much slower s e rv i ce  than  express  buses.  El iminat ion 
of  t h e  in te rmedia te  p o i n t s  would s u b s t a n t i a l l y  decrease t h e  t r a n s i t  t h e  betweea 
t e r m i n a l s , .  thereby  making t h e  bus mode more a t t r a c t i v e  t o  passengers t r a v e l i n g  t'he 
f u l l  l eng th  of t h e  route .  

nperationallv,  express  s e rv i ce  could not be  i n s t i t u t e d  01-1 a l l  o r  even a major i ty  
of rou te s .  While intermediate  s tops  do increase  t r a v e l  t ime,  t hey  a l s o  a t t r a c t  
passengers .  Express s e r v i c e  on most rou te s  would probably not  catch on with a load  
fac t tor  s u f f i c i e n t  t o  provide even normalized energy savings.  

On some high t r a v e l - d e n s i t y  r o u t e s ,  however, express  s e r v i c e  probably could 
become se l f - sus t a in ing  (with p o s i t i v e  energy b e n e f i t s ) .  On t h e s e  rou te s  a major 
r e s t r a i n t  on t h e  provis ion  of t h a t  s e rv i ce  i s  t h e  seed money r equ i r ed  f o r  i n i t i a t i o n  
and maintenance of t h e  s e r v i c e  u n t i l  it becomes se l f - sus t a in ing .  The cos t  of exper i -  
ment, i.ng with s e r v i c e  and schedules can be s u b s t a n t i a l .  I n  t h e  New York-to-Philadelphia 

*The S t a t e  u sua l ly  bea r s  t h e  cos t  of t e rmina l  renovat ion ($10,000 t o  $15,000) and 
t h e  opera t ing  c o s t s  of' t h e  d i a l - a - r ide  s e r v i c e  f o r  one year  ($75,000). In  t h e  sec-  
ond yea r ,  t h e  community p i cks  up t h e  opera t ing  c o s t s  and has t h e  i n t e r c i t y  bus t i c k e t  
commissions t o  augment revenues. These commissions m y  not exceed 5 percent ,  whereas 
t h e  normal r a t e  i s  around 1 0  o r  12  percent .  (J. J. Rudnick, Acting Admir~lsLrator,  
I n t e r c i t y  Passenger Transport  Divis ion,  Michigan Department of Transportat ion.  
November, 1976. ) 



market, f o r  example, Greyhound normally o f f e r s  hourly express  s e rv i ce .  Severa l  t imes 
over t h e  p a s t  few years  t h e  c a r r i e r  has i n i t i a t e d  s e r v i c e  a t  headways of on ly  one- 
h a l f  hour with a s p e c i a l  t i c k e t  counter f o r  t h e  route .  The l a s t  experiment, during 
t h e  win ter  of 1975 and 1976, r an  about 3 months.* While Greyhound r ep resen ta t ives  
.a re  r e l u c t a n t  t o  spec i fy  t h e  cos t  of t h e  servic.e experiment, t h e y  w i l l  cont inue t o  
t r y  t o  pene t r a t e  t h a t  market, convinced t h a t  headways of a half-hour  can b e  sup- 
ported.** The c a r r i e r  i s  r e s t r a i n e d  by  l a c k  of funds t o  g e t  t h e  s e rv i ce  s t a r t e d .  

The S t a t e  of Michigan has taken p o s i t i v e  s t eps  toward mi t iga t ion  of t h i s  
r e s t r a i n t .  I n  p a r t i c u l a r  , a program of subs id iz ing  new o r  expanded r egu la r - rou te  
bus s e r v i c e  i n  high-densi ty  t r a v e l  co r r ido r s  was s t a r t e d  about a year  ago. Financed 
by earmarking one-half cen t  of t h e  e x i s t i n g  seven cent  pe r  ga l lon  gasol ine  t a x  f o r  
t h e  program, i t s  aim, i n  conjunct ion with o ther  i n t e r c i t y  and l o c a l  t r a n s p o r t a t i o n  
programs, i s  t o  f o s t e r  a hea l thy  publ ic  t r a n s p o r t a t i o n  indus t ry  i n  t h e  p r i v a t e  sec- 
t o r .  

Under t h e  subsidy program, opera t ing  a s s i s t a n c e  i s  a v a i l a b l e  f o r  up t o  two 
years .  Funding l e v e l s  a r e  based on t h e  d i f f e r ence  between opera t ing  revenues 
generated and d i r e c t  opera t ing  (o r 'whee l )  c o s t s  p lus  a p r o f i t  margin, c a l c u l a t e d  
from average operat ing.  r a t i o s  of a l l  Michigan c a r r i e r s  over t h e  p r i o r  t h r e e  yea r s .H*  

' Any express  shipment revenues obtained i n  t h e  conduct of t h e  demonstration opera t ions  
a r e  r e t a i n e d  by c a r r i e r s  in order  t o  provide cons idera t ion  of t h e  poss ib l e  impact 
of t h e  new se rv i ce  on e x i s t i n g  scheduled s e r v i c e  and any "s ta r t -up"  c o s t s  whic'h a r e  
not covered i n  d i r e c t  funding. 

A f t e r  t h e  'two-year subsidy per iod ,  it i s  expected t h a t ,  i n  s e v e r a l  cases ,  t h e  
c a r r i e r s  w i l l  continue rou te  opera t ions  because of t h e i r  p r o f i t a b i l i t y ,  e i t h e r  
independently o r  in conjunct ion wi th  o the r  scheduled se rv i ces .  I n  o the r  cases ,  t h e  
two years  of subs id ized  se rv i ce  may i n d i c a t e  t h a t  a r o u t e  does not f u l f i l l  a t r a n s -  
p o r t a t i o n  need and t h e  S t a t e  as w e l l  a s  t h e  c a r r i e r  w i l l  probably abandon t h e  s e r -  
v ice .  And f i n a l l y ,  it may be  found a f t e r  t h e  two years  t h a t  t h e  rou te  r ece ives  a 
s teady  patronage, bu t  does not  genera te  revenues s u f f i c i e n t  ' f o r  p r o f i t a b l e  operat ion.  

*Such experiments a r e  o f t e n  s t a r t e d  during per iods  of low t r a v e l  demand, such a s  
t h e  f i r s t  qua r t e r  of t h e  year .  This reduces t h e  c o s t  and minimizes the r i s k .  
[ ~ a w r e n c e  L e i s t ,  Informat ion  Divis ion,  Transportat  ion Systems Center ,  U. S . Depart - 
ment of Transportat ion.  December, 1976.1 

**Nicholas Bade, Di rec tor  of Marketing-East Coast,  ~ reyhound  Lines,  Inc.  December, 
1976. 

+**General company adminis t ra t ion  cos t  o r  o the r  nonre la ted  system c o s t  is not funded. 
A 6-1/2 percent  p r o f i t  margin i s  c u r r e n t l y  appl ied .  



I n  t h e s e  ins tances  t h e  S t a t e  is considering t h e  p o s s i b i l i t y  of nego t i a t i ng  f o r  t h e  
s a l e  of a c a r r i e r ' s  operat ing r i g h t s  t o  a smal le r  company capable of providing s e r -  
v i c e  a t  lower cost.* Funding may a l s o  be  extended on t h e s e  rou te s .  . 

The program's success  as w e l l  as t h e  need it f u l f i l l s  i s  i l l u s t r a t e d  b y  t h e  
S t a t e ' s  subsidy of s e r v i c e  expansion i n  t h e  Detroit-Lansing market. On t h a t  rou te ,  
t h e  S t a t e  i d e n t i f i e d  an untapped bus iness  demand f o r  one-day round t r i p s .  One l e g  
of such s e r v i c e  w a s  a l r e a d y  provided by  t h e  regular - route  c a r r i e r ,  bu t  i n  t h e  
absence of t h e  r e t u r n  l e g ,  buses were not  being used f o r  bus iness  t r a v e l .  For t h e  
f i r s t  e i g h t  months, t h e  cos t  o f  subs id i z ing  t h e  r e t u r n  se rv i ce  t o t a l l e d  $60,000.* 
But c o s t s  had been reduced t o  about $30 per  day by t h e  end of f i v e  months, wi th  
from 25 t o  30 people making t h e ' r o u n d  t r i p  each day."" It i s  expected, moreover, 
t h a t  t h e  a d d i t i o n a l  s e r v i c e  w i l l  b e  r e t a i n e d  without subsidy by t h e  regular - route  
c a r r i e r  because of t h e  i n d i r e c t  stimulat. inn nf nt.hcr s c h e d ~ ~ l e s  o f f e red  i n  t h e  mr l r c t .  

I n  a d d i t i o n  t o  t h e  need f o r  seed money, s e rv i ce  experimentati-on is  r e s t r a i n e d  
by t h e  n e c e s s i t y  t o  ob ta in  approval  from t h e  ICC t o  s k i p  in te rmedia te  ,po in ts .  
Hearings on t h i s  mat te r  would probably f e a t u r e  c r i e s  of outrage from intermediate  
communities which would s t and  t o  l o s e  s e rv i ce .  Another d i f f i c u l t y  involved i n  i n i -  

. t i a t i n g  more express  s e r v i c e  i s  t h a t  it would, i n  some in s t ances ,  t h r u s t  r eg iona l  
and through c a r r i e r s  i n t o  competi t ion on r o u t e s  where c u r r e n t l y  t h e  r eg iona l  c a r r i e r  
has t h e  opera t ing  a u t h o r i t y  (and r e s p o n s i b i l i t y ) ,  whi le  t h e  na t ion81 c a r r i e r  i s  not 
permi t ted  t o  serve  in te rmedia te  po in t s .  Whichever c a r r i e r  f e l t  most th rea tened  by 
t h e  discont inuance of intermediate-point  r e s t r i c t i o n s  would c e r t a i n l y  ob jec t  t o  t h e  
10s s of monopoly r i g h t s  . 

Representa t ives  uf t h e  bus indus t ry  have expressed i n t e r e s t  i n  f e d e r a l  demonstra- 
t i o n  p r o j e c t s  in s e l e c t e d  high-densi ty  t r a v e l  markets.**** Such p r o j e c t s  could serve  
s e v e r a l  purposes. F i r s t ,  a s  demonstrated by t h e  Michigan program, they  could r e d u c e .  
t h e  economic r e s t r a i n t  on scheduling experimentation. Second, t hey  could prr~vlrle 
evidence of t h e  t ime and c o s t s  a s soc i a t ed  with such experimentation. This  informa- 
t i o n  i n  t u r n  could be  used as a ya rds t i ck  by p r i v a t e  companies i n  t h e i r  planning f o r  

*While i n  some cases  t h e  lower c o s t  o f  opera t ion  may r e f l e c t  defer red  maintenance, 
by and l a r g e  t h e  major f a c t o r  con t ibu t ing  t o  lower c o s t s  per  mi le  f o r  small  ca r -  
r i e r s  i s  t h e  reduced l abo r  c o s t s  a t t r i b u t a b l e  t . ~  nnnunion d r ive r s .  Somc would 
argue t h a t  promoting lower-cost ca r r i age  involves a safe ty  r i s k .  In  t h i s  regard,  

a l so  due t o  an apparent  shortage of t r a i n e d  d r i v e r s ,  Michigan i s  developing 
a program f o r  t r a i n i n g  bus d r ive r s .  

**J. J. R u c l ~ ~ i c k ,  Act ing Adminis t ra tor ,  I n t e r c i t y  Passenger Transport Divis ion,  
Michigan Department of  Transportat ion.  November, 1976. 

***I3 i d .  

****Nicholas Bade. Di rec tor  of Marketing-East Coast,  Greyhound Lines,  Inc. 
December, 1976. 



schedule changes. Perhaps t h e  most important consequence of bus demonstration 
p r o j e c t s  would b e  t h e  commitment t o  a l l  forms of publ ic  t r a n s p o r t a t i o n  represented  
by t h e i r  i n i t i a t i o n .  This commitment a t  a l l  l e v e l s  of government has been s o r e l y  
lacking.* 

Overa l l ,  i n i t i a t i o n  of increased expres's bus s e rv i ce ,  p a r t i c u l a r l y  i f  st imu- 
l a t e d  by pub l i c ly  funded demonstration p r o j e c t s ,  has a reasonable l i ke l ihood  of 
reducing bus t r a v e l  time over t h e  next f i v e  years .  The out look f o r  demonstration 
p r o j e c t s  i s  a l s o  somewhat favorable .  The major r e s t r a i n t  on t h e i r  i n i t i a t i o n  i s  a  
lock  of i n t e r e s t  i n  Congress and t h e  Executive.** The Department of Transportat ion,  
however, has  r e c e n t l y  s t a r t e d  t o  study t h e  i n t e r c i t y  bus industry.*** This e f f o r t  
may l e a d  t o  g r e a t e r  recogni t ion  of t h e  indus t ry  a s  an i n t e g r a l  p a r t  of t h e  n a t i o n a l  
t r a n s p o r t a t i o n  system. 

Other p o l i c i e s  f o r  improving bus se rv i ce .  Inves t iga t ion  of po l i cy  
opt ions  f o r  s t imula t ing  implementation of t h e  foregoing s t r a t e g i e s  t o  improve bus 
s e r v i c e  yielded.some a l t e r n a t i v e s  which could not  be quan t i f i ed  in t h e  Task 5 anal -  
y s i s .  I n so fa r  a s  t hey  increase  t h e  a t t r a c t i v e n e s s  of t h e  bus mode, however, t hey  
can be expected t o  promote r i d e r s h i p ,  thereby increas ing  t h e  energy e f f i c i e n c y  of 
shor t -haul  i n t e r c i t y  t r anspor t a t ion .  

Bus indus t ry  r ep re sen ta t ives ,  independently and i n  some cases  upon quest ioning,  
i nd ica t ed  t h e  need f o r  and d e s i r a b i l i t y  of federal '  a c t ion  i n  fou r  a reas .  F i r s t ,  
t h e r e  was a genera l  consensus t h a t  a n a t i o n a l  po l i cy  t o  promote a l l  forms of publ ic  
t r a n s p o r t a t i o n  i s  needed. Some a l s o  poin ted  t o  t h e  d e s i r a b i l i t y  of a motor c a r r i e r  
d i v i s i o n  wi th in  t h e  Department of Transportat ion.  
.. . . 

second, i ndus t ry  r ep re sen ta t ives  urged an intermodal emphasis i n  te rmina l  con- 
s t r u c t i o n  and renovat ion p ro j ec t s .  While t o  a l i m i t e d  ex ten t  t h e  f e d e r a l  government 
i s  moving toward accommodation of s eve ra l  modes i n  p u b l i c l y  f inanced t e rmina l  con- 
s t r u c t i o n ,  examples of publ ic  funds be ing  spent  f o r  single-mode te rmina ls  a r e  not  
uncommon. For ins tance ,  t h e  S t .  Paul  Po r t  Author i ty  has  r e c e n t l y  agreed t o  f inance  
a $4..7 m i l l i o n  r a i l  terminal. b u i l t  t o  AMTRAK s p e c i f i c a t i o n s  and t o  donate l and  f o r  
t h e  new bu i ld ing ,  ad jacent  t o  an i n t e r s t a t e  highway. No provis ion  i s  being made 
f o r  bus c a r r i e r  use  of t h e  te rmina l .  Since t e rmina l  p r o j e c t s  r e q u i r e  t h e  g r e a t e s t  

* A t  t h e  f e d e r a l  l e v e l  it i s  r e f l e c t e d  i n  t h e  absence of a motor c a r r i e r  d iv i s ion  
at  t h e  DOT. A t  t h e  l c c a l  l e v e l  t h i s  l a c k  of commitment i s  r e f l e c t e d  i n  t h e  
f a i l u r e  of town o f f i c i a l s  and p o l i c e  o f f i c e r s  t o  respond t o  c a r r i e r  reques ts  f o r  
removing vagrants  from bus te rmina ls .  ( Ib id .  ) 

**.An i n t e r e s t i n g  comparison can. be made between. the bus indus t ry  and Amtrak. 
Amtrak has 25 people working'on Cap i to l  H i l l  and has  s t rong  support  from t h e  
Rai l road  Brotherhood. In  c o n t r a s t ,  t h e  e n t i r e  i n t e r c i t y  bus i n d u s t r y  has only 
about 10 people working on t h e  H i l l  and union support ( t he  ~ e a m s t e r s )  i s  p r i -  
mar i ly  aimed a t  t rucking  i ssues .  (Nicholas Bade. ) 

6WArnold Levine, Off ice  of Transpor ta t ion  Po l i cy  Development, U.S. Department of  
Transport  a t  ion. ~ovember  , lg'(6. 



amount.of bus indus t ry  c a p i t a l ,  an intermodal emphasis i n  pub l i c  cons t ruc t ion  could 
s i g n i f i c a n t l y  a i d  t h e  indus t ry  in meeting one of t h e  f r i n g e  c o s t s  of providing s e r -  
v i ce .  

The t h i r d  a r e a  of pub l i c  involvement f o r  improvement of bus s e r v i c e  'has a l r eady  
been descr ibed  wi th  r ega rd  t o  express  bus se rv i ce .  The indus t ry ,  a s  explained,  could 
b e n e f i t  s u b s t a n t i a l l y  from f e d e r a l  demonstration p r o j e c t s  aimed at s e r v i c e  and schedule 
experimentat ion.  

And f ina l ly , '  t h e  r e g i o n a l  c a r r i e r s ,  many of which a r e  small  owner-operator 
e n t e r p r i s e s ,  s u f f e r  from a l a c k  of ' t ime o r  funds t o  incorpora te  marketing and tech- 
n i c a l  e x p e r t i s e  i n t o  t h e i r  opera t ions .  This a l s o  suggests  a  f e d e r a l  r o l e ,  perhaps 
through demonstration p r o j e c t s ,  i n  promoting pub l i c  modes of  t r anspor t a t ion .  

I n  conclusion,  it i s  worthwhile t o  p o i n t  out, t h e  a c t i v e  r o l e  t h a t  the 
Michigan Department, of Transpor ta t ion  has take11 in each of' t he se  a r eas .  I n  
adopting a S t a t e  p o l i c y  t o  f o s t e r  pub l i c  t r a n s p o r t a t i o n  and e s t a b l i s h  the  impor- 
tance  of a l l  modes, t h e  S t a t e  has i n i t i a t e d  a  wide v a r i e t y  of  programs including:  

provis ion  of s h o r t , - t . ~ m  opess t ing  aosis.(;aiic:e Lu bus cark.lers f o r  
schedule and s e r v i c e  expansion 

. coordina t ion  wi th  c a r r i e r s  r ece iv ing  ope ra t ing  a s s i s t a n c e  t o  market 
t h e  schedule and s e r v i c e  expansions 

. prov i s ion  of c a p i t a l  a s s i s t a n c e  t o  t h e  hi]!: i ndus t ry  (through a ~ - e ~ , u l v i n g  
fhnd)  fo r  t h e  purchase of new equipment 

. develupment o r  a se l f - sus t a in ing  intermodal I , t t rm~nal i n  K a l ~ o o o  

. i n t e g r a t i o n  of l o c a l  demand-responsive publ ic  t r anspor t a t ion  wi th  
i n t e r c i t y  bus s e r v i c e  

Several  o t h e r  programs, aimed a t  bus, ra i l ,  and a i r  s e r v i c e  a r e  underway o r  planned. 
This  approach of t r y i n g  to f o s t e r  a  hea l thy  publ .5~  t r a n s p o r t a t i o n  indus t ry  i n  t h e  
p r i v a t e s e c t o r  i s  no t  apparent  a t  t h e  f e d e r a l  l e v ~ J .  It may, n c ~ c r t ~ l s l e s s ,  be more 
effective i n  conserving energy over  t h e  long term than  programs aimed a t  o u t r i g h t  
support  o f  i n d i v i d u a l  modes of  t ranspnr t .a t ion .  I n  add i t i on ,  the approach p a r a l l e l s  
t h e  growing emphasis i n  Congress and t,he Executive on prj.v~.f,ip-nlal.E.et ao lu t ions  Lo 
i s s u e s  uT pub l i c  i n t e r e s t .  



Rai l  S t r a t e g i e s  

Four s t r a t e g i e s  f o r  improving t h e  a t t r a c t i v e n e s s  of r a i l  t r a n s p o r t a t i o n  were 
analyzed i n  Task 5. The s t r a t e g i e s  p a r a l l e l  those  evaluated f o r  t h e  bus indus t ry  and 
include:.  1) reduced f a r e s  ; 2 )  meal and lodging discounts  ; 3) discounts  on des t ina-  
t i o n  c o s t s ;  and 4 )  reduced t r a v e l  t ime. Each of t h e s e  s t r e t e g i e s  s t imu la t e s  passen- 
ger  demand f o r  ra i l  se rv i ce .  Based on t h e  Task 5  a n a l y s i s ,  f a r e  reduct ions y i e l d  
an 80 percent  increase  i n  passenger-miles, followed by a 75 percent  increase  f o r  
d e s t i n a t i o n , c o s t  d i scounts ,  a  56 percent  increase  f o r  meal and lodging d iscounts ,  and 
a  26 percent  increase  f o r  t h e  t r a v e l  t ime reduct ion.  

Reduce rai l  f a r e s  by 50 percent  

The f e d e r a l  government i s  cu r r en t ly  subs id iz ing  ra i l  passenger f a r e s  at an 
average r a t e  i n  excess of 50 percent .  From January t o  September of 1975, f o r  
i n s t ance ,  t h e  cos t  pe r  passenger-mile averaged 14 .7  c e n t s ,  compared t o  revenues of 
7 .2 cen t s ,  r e s u l t i n g  i n  a  d e f i c i t  of 7 .5  cen t s  per  passenger-mile ( ~ e f .  6 4 ) .  
According t o  AMTRAK's f ive-year  f i n a n c i a l  and opera t ing  p l an ,  l o s s e s  on every rou te  
w i l l  continue through f i s c a l  year  1981 ( ~ e f .  65 ) .  Federal  assumption of an opera t ing  
subsidy g r e a t e r  than t h a t  a l ready  pro jec ted  could not  be j u s t i f i e d  by t h e  l i m i t e d  
gains  i n  energy e f f i c i ency  r e s u l t i n g  from t h i s  s t r a t e g y .  

Provide discounts  of 50 percent  on meals and ' lodging  

On i t s  western rou te s ,  AMTRAK cu r ren t ly  i s s u e s  (wi th  t i c k e t  purchases)  a  brochure 
of ,coupons e n t i t l i n g  the  hol'der t o  discounts  o f  about 10 percent  qn h o t e l s ,  t o u r i s t  
a t t r a c t i o n s  and r e s t a u r a n t s .   isco counts a r e  o f f e red  a t  50 f a c i l i t i e s  i n  e i g h t  
western c i t i e s . )  The brochure i s  aimed a t  promoting l e i s u r e  t r a v e l  by t r a i n .  I n  
con t r a s t  t o  t h e ' d i s c o u n t s  o f f e red  by t h e  bus indus t ry ,  no increase  i n  convenience i s  
assoc ia ted  with t h e  AMTRAK discounts .  

Increas ing  t h e  discounts  f o r  meals and lodging t o  a  r a t e  of 50 percent  i s  
r e s t r a i n e d  by t h e  same economic f a c t o r s  a f f e c t i n g  such discounts  i n  t h e  bus indus t ry .  
The cbs t  would be considerable ,  near ly  $4 pe r  passenger f o r  a  t o t a l  of $42.9 
mi l l i on  i n  1980 based on Task 5  r e s u l t s .  It i s  highly un l ike ly  t h a t  fed.?ral  sub- 
s i d i z a t i o n  of passenger r a i l  s e rv i ce  would be extended t o  subs id ize  t h i s  i n d i r e c t  
means of increas ing  r i d e r s h i p .  

Provide discounts  of $5.00 on des t ina t ion  c o s t s  f o r  r a i l  u se r s  

AMTRAK cu r ren t ly  o f f e r s  c a r  r e r ~ t a l  discounts  on s e l e c t e d  r o u t e s ,  such a s  t h e  
F lo r ida  Week o f  Wheels. Thcoc s e l e c t e d  v f f e r i ~ l g s  a r e  l i k e l y  t o  cont inue,  based on 
t h e  Co.rporationfs marketing approach of i d e n t i f y i n g  s e n s i t i v e  markets and i n s t i t u t i n g  
short-term discount  programs.* I n  t h e  AM'YHAK Five Year Corporate Plan,  marketing 

* M r .  Al Michaud, Vice P res iden t ,  Marketing. AMTRAIK. November 1976. 

173 



s t r a t e g i e s  f o r  i nd iv idua l  rou te s  r e f l e c t  an i n t e g r a t i o n  of t h e  var ious  aspec ts  of 
r a i l  s e r v i c e ,  such a s  scheduling,  speed, discounts  and so  f o r t h ,  i n t o  a  package 
t a i l o r e d  t o  t h e  rou te  c h a r a c t e r i s t i c s .  I n  conclusion,  it i s  un l ike ly  t h a t  t h i s  
marketing approach w i l l  be changed t o  concentrate  on d e s t i n a t i o n  cos t  discounts  
on all rou te s .  Moreover, such a  change may not  be a s  e f f e c t i v e  a s  t h e  approach 
planned. 

Reduce r a i l  t r a v e l  t ime by t e n  percent  

The major r e s t r a i n t  on reducing r a i l  t r a v e l  t imes i s  t h e  cos t  o f  road and 
t r a c k  improvements. I n  t h e  Northeast Corr idor ,  f o r  example, $,1.75 b i l l i o n  has been 
au thor ized  t o  achieve t r i p  t ime goals  of 2 hours and 40 minutes from Washington t o  
New York and 3 hours and 40 minutes from New York t o  Boston.* WQile t h e  120-mph 
sppprls contemplated i n  t h i s  recons t ruc t ion  p r o j e c t  do not  r e f l e c %  t h e  more modest 
goa l  of  a 1 0  percent  reducLioil i n  t r a v e l  t ime,  au tnar lza l lu l l  uf' t l ~ c  c a p i t n l  exp~nr l i -  
t u r e s  requi red  by t h i s  s t r a t e g y  i s  q u i t e  un l ike ly  i n  view of t h e  small  gains  i n  
energy eff ic iency. .  A l t e rna t ive  low-cost means of reducing t r a v e l  t ime a r e  not 
l i k e l y  t o  be e f f e c t i v e .  F'or example, it is eu.l;imated that c.ri,ch stop on a. rou te  cos t s  
from f i v e  t o  t e n  minutes in a schedule.** This includes braking t ime,  s t a t i o n  dwell 
t ime,  and acce l e ra t ion  time. Negligible  t ime savings could,  t h e r e f o r e ,  be e f f ec t ed  
i n  t h i s  a r ea .  The a l t e r n a t i v e  of dropplng Service .to an intermediate p-rnl:.nt j..s 
p o l i t i c a l l y  i n t o l e r a b l e ,  given t h a t  t h e  publ ic  a t  l a r g e  i s  paying f o r  t h e  se rv i ce .  

Auto S t r a t e g i e s  

Three s t r a t e g i e s  f o r  pena l iz ing  automobile t r a v e l  were evaluated.  I n  order  of' 
decreasing p o t e n t i a l  f o r  energy savings ,  they a r e :  1) a reduct ion i n  speed; 2 )  an 
ope ra t ing  cos t  i nc rease ;  and 3 )  exclusion of  ca r s  from Cent ra l  Business D i s t r i c t s  
(CBD's). 

Reduction i n  speed l i m i t  t o  50 mi les  p e r  hour 

A s  i n  t h e  i n s t i t u t i o n  of  a  nationwide 55-mile per  hour speed l i m i t  i n  l a t e  1973, 
a f~u-t .hpr reducLion t o  50 mph would r equ i r e  f e d e r a l  l e g i s l a t i o n .  The r e s t r a i r ~ L s  on 
implementation r e f l e c t  both p o l i t i c a l  and ecvrloi~lic con~ lde~ .aL ions  8 3  dcccribed b ~ l n w .  

* "The Fight  f o r  Control o f  t'he Northeast Corr idor ."  Business Week. August 23, 1976, 
P. 71. 

** statement  of Paul  H .  Re is t rup ,  P re s iden t ,  AMTRAIi i n  Hearings beyore t h e  Subconunittec 
on Transpor ta t ion  and Commerce of t h e  Cornslittee on I n t e r s t a t e  and Foreign Commerce, 
House of  Representa t ives ,  on' t h e  Implementation of t h e  R a i l  Reorganization Act of 
1973 and a  Review of  t h e  Prel iminary System Plan of USRA, August 1975. p. 986. 



Opposition from t h e  t rucking  indus t ry  t o  reduced speed l i m i t s  can be expected 
;o be both s t rong  and e f f e c t i v e . "  During t h e  1973 Congressional Hearings on t h e  

sub jec t  of  reduced speed l i m i t s ,  t h e  i ndus t ry  c i t e d  evidence of ope ra t iona l  and 
scheduling d i s rup t ion ,  s ign i f icant .economic  impact, and reduced energy e f f i c i e n c y  i f  
forced t o  opera te  a t  speeds of 50 o r  55 miles  pe r  hour.  With regard  t o  ope ra t iona l  
problems, indus t ry  'spokesmen ou t l i ned  a  complex system, based on e x i s t i n g  speed 
l i m i t s  and a  f ede ra l  l i m i t a t i o n  of t e n  hours of continuous driving:"" 

Operating wi th in  t h e s e  parameters (speed and d r iv ing  time l i m i t a t i o n s  ) 
t h e  c a r r i e r s  have developed t h e i r  rou t ing  systems, te rmina l  l o c a t i o n s ,  
r e l a y  po in t s  and equipment interchange po in t s .  Even a d e t a i l  such a s  
t h e  s e l e c t i o n  of t h e  d r i v e r ' s  home i s  de t emined  i n  many cases  by t h e  
ope ra t iona l  circumstances.  A reduct ion of  t r u c k  speed limits would 

' throw t h e s e  operat ions i n t o  a s t a t e  of confusion and d i s r u p t  t h e  
c a r r i e r s t  scheduling. 

Even small  changes i n  allowable speed limits can make t h e  d i f f e r ence  between com- 
p l e t i o n  of a  run i n  one day and a  delay of a s  much a s  1 2  hours i n  de l ive r ing  f r e i g h t .  
Clear ly  t h e r e  a r e  a l s o  added c o s t s  of  spending more n igh t s  on t h e  road. 

In  add i t i on  t o  t hese  .industry-wide- problems, t h e  earnings of  i nd iv idua l  d r i v e r s  
can be s i g n i f i c a n t l y ' a f f e c t e d  by reduced speed l i m i t s .  Drivers  a r e  pa id  o n ' a  
mileage b a s i s ,  rece iv ing  no hourly pay except i n  cases  of  breakdown and undue delay 
time.*** P r i o r  t o  implementation of  t h e  55-mile per  hour speed l i m i t ,  
d r i v e r s  averaged about 50 mph over  a  ten-hour per iod  ( inc luding  r e s t  stops).**** The 

reduct ion  i n  earning power,of d r i v e r s  a s  a r e s u l t  of t h e  55-mph speed l i m i t  was 
est imated by indus t ry  spokesmen at upwards of 18 percent.*****. Another e s t ima te ,  by 
t h e  Department of Transpor ta t ion ,  i nd ica t ed  t h a t  i f  a $30,000 t ruck  averaging 60 nph 
on a  500-mile t r i p  were r e s t r i c t e d  t o  50 mph, t h e  per-ton haul ing c o s t s  would inc rease  
by 1 5  percent ,  assuming t h a t  t h e  d r i v e r ' s  pay i s  ad jus t ed  t o  a  per-hour rate.****** 

* The bus indus t ry ,  f o r  s a f e t y  reasons,  d i d  not  ob jec t  t o  a uniform nationwide speed 
l i m i t  of 55. The only evidence presented wi th  regarl! t o  economic impact was an 
es t imate  h- Continental  Trai lways,  Inc.  t h a t  a t  55 raph they  would requi red  about 1 5  
percent  more buses t o  opera te  t h e i r  cu r r en t  s e rv i ce .  ( ~ e a r i n g s .  p.  83 ) .  

**William A .  Bresnahan, American Trucking Associat ions,  Inc .  i n  l e t t e r  t o  
Henry M.  Jackson, U .  S. Senate.  October 26, 1972; a s  repor ted  i n  Hearings. 

***Statement of Frank E.  Fitzsimmons, P re s iden t ,  I n t e r n a t i o n a l  Brotherhood of 
Teamsters. Hearings. p .  47. 

******Statement of Hon. Claude S. Brinegar,  Secre ta ry ,  Department of Transpor ta t ion .  
I n  Hearings. p. 16. 
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The i s s u e  of  t h e  energy e f f i c i e n c y  of  t rucks  was a l s o  brought up i n  
oppos i t i on  t o  a reduced sp.eed l i m i t .  While no hard evidence could be presented,  
it was noted t h a t  d i e s e l  u n i t s ,  un l ike  gasoline-powered engines,  a r e  designed t o  
ope ra t e  most e f f i c i e n t l y  i n  t h e i r  h ighes t  road gear  a t  f i x e d  rpm.* Moreover, 
most t rucke r s  r epo r t ed  t h a t  they  g e t  b e t t e r  f u e l  mileage a t  from 60 t o  65 mph 
on r e l a t i v e l y  f l a t  i n t e r s t a t e  highways.H This information suggests  t h a t  some 
p a r t i a l l y  o f f s e t t i n g  increase  i n  t r u c k  and bus f u e l  u se  would r e s u l t  from a lower 
speed limit. 

I n  a n  e f f o r t  t o  reach some compromise between t h e  s u b s t a n t i a l  automobile 
f u e l  savings achievable from reducing opera t ing  speeds and t h e  ope ra t iona l  and 
economic d i s r u p t i o n  of  reduced speeds on commercial road use r s ,  two a l t e r n a t i v e s  
were considered during t h e  1973 Hearings. Both a l t e r n a t i v e s  involved allowing 
d i f f e r e n t  speed l i m i t s  on t h e  same road sec t ion .  Ur~der t h e  first, t rucks  and 
hi.i.ses would be allowed t u , o p e r a t e  a t  higher  speeds than automobiles. Under t h e  . 

second a l t e r n a t i v e ,  a i l  veh ic l e s  would be allowed t o  opera te  a t  hfgher Speeds ' 

dur ing  t h e  night t ime hours. Both were r e j e c t e d  on s a f e t y  grounds'. 

There was a gene ra l  consensus among t h e  p a r t i c i p a n t s  a t  t h e  Hearings t h a t  
speed d i f e r e n t i a l s  of  10 mph o r  more c r e a t e d  unduly hazardous condi t ions .  
Although t h e r e  was some controversy over t h e  danzer a s soc i a t ed  with a d i f f e r e n t i a l  
o f  5 mph, on ba lance  t h e  arguments aga ins t  a d i f f e r e n t i a l  speed by type of veh ic l e  
weremorecompelling t h s n  those  seeking a compromise by allowlng commercial 
v e h i c l e s  t o  opera te  a t  f a s t e r  speeds. The arguments aga ins t  t h i s d i f f e r e n t i a l  
included t h e  fol lowing:  

. Dif fe ren t i a1 . speeds  w i l l  t end  t o  i nc rease  t h e  number of passing manuevers 
undertaken,with a r e s u l t a n t  trend, toward increased accidents.* 

. T~ICI-c i o  a vcry  r e a l  problem nf pilhl i c  accegtance of a reduced speed l i m i t  
i f  pasoonger cars asp ~ n n t . i n i i ~ . l l  y gassed, bv t rucks  and huses .*H 

. The c o s t  o f  a l t e r i n g  e x i s t i n g  s igning  i s  $30,000 t o  $50,000 more pe r  
s t a t e  i f  d i f f e r e n t i a l  speeds a r e  posted.- 

. -. - 
*Statement of George H. Andrews, F~esident, h c r l c a n  AcsuciaLislii of 3t.~.t,e Tlighway 
O f f i c i a l s .  I n  Hearings. p. 61. 

HSta tement  of  Arthur L. Fox 11, Executive Direc tor ,  P ro fe s s iona l  Drivers  Council. 
I n  H e a r i x s .  p. 205. 



. m o w i n g  t rucks  and buses t o  t r a v e l  a t  higher  speeds i s  con t r a ry  t o  
laws i n  over 30 s t a t e s .  Moreover, it would compound an  a l r eady  se r ious  
problem of  i ncompa t ib i l i t y  i n  both s i z e  and braking c a p a b i l i t y  between 
commercial veh ic l e s  and passenger cars.* 

May o f  t h e s e  same arguments were used i n  oppos i t ion  t o  a d i f f e r e n t i a l  speed l i m i t  
by time o f .day .  I n  add i t i on ,  t h e  increased hazard of n ight  d r iv ing  ind ica t ed  
t h e  i n a d v i s a b i l i t y  o f  t h i s  a l t e r n a t i v e .  And f i n a l l y ,  r ep re sen ta t ives  of t h e  
t rucking  indus t ry  - ind ica t ed  t h a t  increased  night t ime speeds would not a l l e v i a t e  
t h e i r  economic o r  scheduling problems, l a r g e l y  because opera t ing  c o s t s  would be. 
higher  f o r  night t ime operations.* 

I n  a d d i t i o n  t o  t hese  cons idera t ions ,  t h r e e  a d d i t i o n a l  f a c t o r s  concerning 
a f u r t h e r  reduct ion  i n  t he  speed l i m i t  may be.mentioned. F i r s t ,  t h e  s t r a t e g y  
i s  l i k e l y  t o  g a i n  a t  l e a s t  l i m i t e d  support on t h e  bas i s  of  increased safe ty .  The 
National  Sa fe ty  Council, f o r  example, has repor ted  t h a t  the chances of  being k i l l e d  
when involved i n  an  acc ident  double wi th  each 10-mph inc rease  i n -  speed over 50 mph.* 
Second, i t  may not  b e ' p o s s i b l e  t o  enforce t h e  s t r a t e g y ,  i f  implemented, p a r t i c u l a r l y  
i n  a nonc r i s i s  s i t u a t i 0 n . m  This i s  apparent from t h e  gradual  increase  i n  
veh ic l e  opera t ing  speeds s ince  t h e  energy s h o r t f a l l  o f  1973. And f i n a l l y ,  any 
proposa l  involving, a s  t h i s  s t r a t e g y  does, a l i m i t a t i o n  on mobil i ty ,  w i l l  be  very 
d i f f i c u l t  t o  implement. I n  t o t a l ,  t he se  cons idera t ions  l e a d  t o  t he  conclusion t h a t  
a reduct ion  i n  t h e  speed l i m i t  t o  50 mph i s  u n l i k e l y  under normal energy supply 
condi t ions .  I n  view of  t he  energy savings b e n e f i t s  a s soc i a t ed  wi th  t h i s  s t r a t egy ,  
and assuming t h a t  l a c k  of compliance and t h e  reduced energy e f f i c i e n c y  of comrner- 
c i a 1  vehic les  does not  s u b s t a n t i a l l y  o f f s e t  t hese  savings,  implementation during a 
severe energy s h o r t f a l l  does seem poss ib le .  . 

Increase  d i r e c t  opera t ing  c o s t s  by 50 percent .  Two means of  increas ing  
automobile opera t ing  c o s t s  were explored. The f i r s t ,  charging t o l l s  on a l l .  roads,  
was el iminated from f'urther cons idera t ion  based on: 1 )  t h e  s t rong  oppos i t ion  t h a t  
would come from a l l  l e v e l s  o f  government; and 2 )  t h e  expense of  co l l ec t ion .  The 
second approach considered f o r  increas ing  opera t ing  c o s t s  was an  increase  i n  t h e  
gas t a x  by $0.54 p e r  ga l lon .  As descr ibed below, t h i s  t a x  would arnu.se s ign i fboant  
opposi.tion bu.L could pro'bably be implemented during a s,evere energy shortage. 

*Statement of  John De Lorenzi, American Automobile Association. I n  Hearings. p. 196. 

"Statement o f  Edward V. Kiley, Vice Pres ident ,  Research' and Technical  Services ,  
American Trucking Association. I n  Hearings. p. 200. 

*%eorge Vive re t t e ,  Highway Department, American Automobile Associat ion,  
December 15, 1976. 



During 1975, an increase i n  the  f?deral  gasoline tax was par t  of several  
Congressional proposals on energy pol icyd One b i l l ,  which was f i n a l l y  approved 
by the'ways and Means Committee a f t e r  three months of b i t t e r  debate, had as i t s  
centerpiece a gasoline tax of $0.03 per gallon i n  1976 which would r i s e  by as  
much a s  $0.20 per gallon i f  consumption exceeded 1973 levels.* These modest 
increases,  as  compared with the  $0.54 per gallon increase considered i n  t h i s  
s t ra tegy,  were soundly defeated. 

Based on the 1975 experience, opposition t o  a dramatic increase i n  gasoline 
taxes i s  expected t o  be both ~ o l i ' t i c a l  and economic. Public perception of energy 
supplies was no longer cr is is -or iented during 1975. This hindered consideration of 
a t ax  a s  v i s i b l e  as  the gasoline tax proposals and would a l so  r e s t r a in  implemen- 
t a t i o n  of such a tax i n  the future.  

Economic arguments against  tlie tax  impo.&e even gre9,t.W rrestralllLs. A l a rgc  
tax  on gasoline not only penalizes personal mobil;.ly, but a l so  ind i rec t ly  a f fec t s  
t.hnse economic a c t i v i t i e s  dependent on automobile use. Opposition would come from 
the  strong pro-automobile lobby. Moreover, tile tlat ion' s c c ~ i i b i ~ ~ i t  depcnrlvr~ca on t h e  
aut.omobife industry, as  eviderice over the la3.L three years, cannot be ignored. 

Regional dependence on tourism, l a rge ly  automobile-orlen~Leil, fepr tsento 
another aspect of the economic hardship tha t  may r e su l t  from a major' increase i n  
gasoline tax. I n  Florida, f o r  example, about 65 percent of the t ou r i s t s  a r r ive  
by automobile and tourism i s  the keystone i n  the  s t a t e ' s  economy." Certain 
dndustries w i l l  a l so  be more severly affected than others as  a r e su l t  of t h e i r  
dependence on t ravel ing sa les  and service representatives.  

Regional differences i n  the  access ib i l i ty  of a l t e rna t ive  modes of transpor- 
t a t i o n  would s ign i f ican t ly  a f f ec t  the  incidence of the  tax.  lal lion wide. The ~ Q ? . ~ , s . P ~ Y  

s e t t l e d  Northeast, f o r  exti~rple, would be i n  a much b e t t e Y  pnsi t.iurl Lo avoid or 
minimize the  -act ur Lho L a x  as compa~lud wiLh area4 nf t,he Midwest and  West where 
both population and economic ac t iv i tyared i spersed  over l a rge  areas. The incidence 
of a f l a t  tax would a l so  vary by income group, thereby imposing a greater  burden 
on lower income groups. This i n  turn  implies a l imi ta t ion  on the employment mobility 
of those who require  it most. Overall, the prospect of stimulating both in f la t ion  
and ~memployment i n  the  economy represents a major r e s t r a in t  on implementing a 
$0.54 per  gallon gas tax  over the  nexsL t'ive years. 

11 *"~nergy Legislation Continues t o  Crawl. Business week. May 26, 1975. p. 27. 

*Statement of Hon. Dante Fascell ,  Representative i n  Congress 'from t.he Sta te  
of E'lorida. I n  Hearings. p. 6 .  



In a crisis situation, however, the significant untapped elasticity in the 
demand for gasoline makes gasoline taxation an attractive mechanism for achieving 
fie1 savings. From 1974 to 1975, for example, retail prices for residual oil 
used by utilities increased 180 percent, while home heating oil climbed less than 
75 percent and gasoline prices rose by only 35 percent.* It may, moreover, 
be possible to mitigate some of the more discriminatory characteristics of the tax 
by inc~rporat~ing plans.to rebate costs to certain groups. And finally, the impact 
of a flat tax is greatest immediately upon implementation, after which inflation 
and changing elas,l;lcities of demand are likely to decrease its effectiveness as an 
energy conservation measure." As such, this strategy is more suited to imple- 
mentation as a contingency measure. 

Exclusion of cars from CBD1s. This strategy involves exclusion of 
automobiles from the CBD's of metropolitan areas having populations greater than 
one million. It was simulated by adding 15 minutes and $0.50 to the costs of 
auto trips with an end-point in a major CBD. These increased costs were to 
account for a transfer, such as by bus, from a peripheral parking facility to the 
destination. Through a modest suppression of intercity travel demand, the strategy 
achieves small but positive absolute energy savings. 

While the impact on intercity transportation has been demonstrated by the 
Task 5 results, the leverage required for implementation will have to come from the 
urban sector. Coordination among local-level institutions and the public at large 
is necessary for effective implementation. In a study of institutional restraints 
on inplementation of auto-free zones in New York City, for example, it was found 
that approvals for the project would be required from eleven different agencies, 
ranging from the New York City Transportation Administration and Police Department 
to the Board of Franchises and City Planning Commission.- The study also 
concluded that imposition of a partial ban, such as on certain streets at 

 he Case Against Both Energy Taxes and ~ationing." Business Week. 
February 10, 1975. p. 68. 

"Somc states, finding that gas tax revenues are not .growing as fast as ant.icipated, 
are considering imposition of a percentage tax on the pump price of gasoline. 
While this would enable the .tax to keep up with inflation, the size of the percentage, 
whencomparedwith other taxes, has been found to create severe problems in public 
acceptance. ( ~ o ~ c e :  George Viverette, Highway Department, American Aut.omobile 
Association. December 1976. ) 

*Institute for Public Transportation. Institutional. Problems in New York City, 
re: Clem Air Act Implementation. May 1973. 



s p e c i f i e d  times o f  day, would r e q u i r e  up t o  1-1/2 years  f o r  implementation while  
a Ml ban would r e q u i r e  a t  l e a s t  two years .  

I n  p a r t i a l  a u t o  bans t h a t  have been implemented around the  country, downtown 
merchants have voiced some of t h e  s t ronges t  oppos i t ion ,  c i t i n g  t h e  p o t e n t i a l l y  
adverse  e f f e c t  on s a l e s  volume. ( ~ x p e r i e n c e  i n  fo re ign  coun t r i e s  and, i n  a more 
l i m i t e d  manner, i n  t h e  U.S. has i nd ica t ed  t h a t  merchants w i l l  no t  be adverse ly  
a f f e c t e d . )  They have been joined by parking garage owners and opera tors  who would 
s u r e l y  b e  a f f e c t e d  by a reduced number of automobiles i n  t h e  c e n t r a l  c i t i e s .  I n  
o t h e r  cas.?s,  the  a v a i l a b i l i t y  of  l and  f o r  p e r i p h e r a l  park ing  and t h e  p rov i s ion  
o f  express  bus s e r v i c e  have r e s t r a i n e d  implementation of  auto-exclusion zones. 

C)v~ra.11,  t he  degree o f  l o c a l - l e v e l  support and planning r equ i r ed  t o  e f f e c t  
automobile exclusions i n  CBD' s  would make it v i r t u a l l y  impossible t o  promote t h i s  
s t r a t e g y  a s  a contingency plan. The outlook f o r  broad-scale implementatfvr~ u v e r  

t h e  next  f i v e  years  i s  a l s o  no t  very  promising. I n  p a r t i c u l a r ,  t he  Urban Mass 
T r a n s i t  Administrat ion i s  j u s t  now (1977) i n i t i a t i n g  demonstration p r o j e c t s  i n  a t  
l e a s t  2 major c i t i e s .  These p r o j e c t s  w i l l ,  over L t ~ e  uexL f i v e  years, 3crvc nr; 
t e s t i n g  grounds f o r  implementation of  a u t o - r e s t r i c t e d  zones. It i s  u n l i k e l y  t h a t  
a major t h r u s t  toward broad adoption of au to  r e s t r i c t i o n s  could be i n i t i a t e d  p r i o r  
t o  completion of t hese  p r o j e c t s .  

A i r  S t r a t e g i e s  

Two types of s t r a t e g i e s  which a f f e c t  energy use i n  short-haul a i r  t r a v e l  were 
analyzed. The f i r s t  type  was designed t o  decrease t h e  energy i n t e n s i t y  of a i r  t r a v e l ,  
whi le  t h e  second type  was aimed at' s h i f t i n g  passengers away from a i r  t r a v e l  f o r  
short-haul t r i p s .  These two types a r e  evaluated sepa ra t e ly  because t h e  s t r a t e c i e s  
included under each a r e  s u b s t i t u t e s .  f o r  each o the r .  

Decrease Energy I n t e n s i t y  of A i r  Travel  

The fol.1~ s t r a t e g i e s  designed t o  decrease t h e  energy i n t e n s i t y  of a i r  t r a v e l ,  i n  
descending order  of  p o t e n t i a l  energy savlngs bene f t s ,  a r e :  1) rnai~iLa111 a 70 p c ~ c c n t  
l o a d  f a c t o r  on a l l  short-haul  r o u t e s ;  2 )  rep lace  l a r g e  short-haul  a i r c r a f t  with small  
a i r c r a f t  and maintain cu r r en t  (1976) schedules through 1980; 3 )  maintain cu r r en t  
schedules  through 1980; and 4) rep lace  l a r g e  short-haul  a i r c r a f t  with s m a l l  a i r c r a f t .  
AJ.1 o f  t h e s e  s t r a t e g i e s  would r e q u i r e  s t rong  f e d e r a l  involvement f o r  implementation. 
It i s  un l ike ly  t h a t  any o f  them could be implemented under normal energy supply 
condi t ions .  Pol icy  impl ica t ions  of  t hese  s t r a t e g i e s  a r e  discussed below. 

Maintenance o f  a 70 percent  l oad  on a l l  rou tes  could be s t imula ted  by a pol icy  
of f u e l  a l l o c a t i o n .  



This action was undertaken in the energy shortfall of 1973 and 1974,' when the 
allocation guidelines specified that the airlines should get 95 percent of their 1972 

- 

f'uel. This represented a decrease of about 15 percent from their projected needs 
for 1974. In fact, during the first few months of 1974, oil companies could'not 
always meet the allocation figure, leaving airlines with from 85 to 90 percent of 
the fuel they burned in 1972." 

Based on the 1973 and 1974 experience, it is clear.that, in the face of a major 
oil shortfall, legislative and political restraints on a policy of f'uel allocation 
can be overcome. The regulatory restraints are negligible. During the fuel short- 
fall, the CAB and the airlines cooperatively reduced schedules to conserve fuel. 
The CAB'S overture to gain control of airline scheduling was unsuccessful and, as 
discussed below, is unlikely to occur in the future. 

There are, nevertheless, numerous economic and operational restraints associated 
with implementation of a fuel allocation policy. One of the most significant prob- 
lems resulting from reduced fuel allocations is the disruption of the complex airline 
scheduling process. According to an Eastern spokesman, it takes about 6 months to ** puta f'ully integrated schedule together. The operation's affected range from 
schedule connections to flight crew rosters and maintenance programming. Route-by- 
route variations in passenger demand, as,well as the actions of other carriers on 
competitive routes, need to be accommodated in developing schedule cuts. 

A fuel allocat.ion program aimed at achieving a 70 percent.load factor also has' 
significant .implications with regard to passenger convenience. If a load factor of 
70 percent could be achieved on each individual flight, as assumed in.the strategy 
design, the impact on passenger service would merely be related to such factors as 
longer waiting time to board a plane. Passenger demand, however, is 'not evenly 
distributed among routes or times of day. In addition, requirements for aircraft 
positioning and the degree of competition on a route significantly affect load 
factors. As a result, load factors on manyroutes will average more than 70 percent, 
while others will'likely be considerably lower than the 70 percent target. Moreover, 
it will be considerably more difficult for passengers to get a seat on a plane, and * 
some of the less traveled routes may be dropped altogether. 

Airline employment will also be.significantly affected. W i n g  the first two 
months of 1974, when load factors system-wide averaged from 56.3 to 58.0 percent, 

*"The Airlines' New Austerity." In Business Week, Marc11 30, 1974; p. 58. 
 he Airlines Face a Rough Ride. " Business Week, Jmuargi 19, 19'/4, p. 24. 
**~us~ensiun of service would, as in 1974, be strictly controlled by the CAB. As 

- of  arch; 1974, service had been si~spended to four domestic markets. Most of 
.the schedule cutbacks were,.moreover, undertaken in .travel markets with two or 
three competitors. ("mad Factor Growth Continues." Aviation Week and Space 
Technology. March 18, 1974, p. 23.) 



about 17,000 employees were furloughed. * Others were shuff led t o  d i f f e r e n t  jobs 
( f l i g h t  a t t endan t s  working a s  t i c k e t  agents ,  f o r  example). The magnitude of  
unemployment i n  t he  a i r l i n e  indus t ry  i n  1974 r e f l e c t e d  cutbacks i n  excess of  those 
r equ i r ed  by the  a l l o c a t i o n  program, i n  p a r t  because of  advance warnings t h a t  a 
r educ t ion  of  1 5  t o  25 percent  would be imposed. There i s ,  however, l i t t l e  doubt 
t h a t  a s t r i n g e n t  a l l o c a t i o n  progran w i l l  cu t . deep ly  i n t o  the  a i r l i n e  workforce of 
more than  300,000 persons.  

Higher load f a c t o r s  and smal le r  p a y r o l l s ,  however, d id  not  i nc rease  p r o f i t s  
dur ing  t h e  1973-to-1974 per iod .  As these  changes occurred, t h e  breakeven load  
f a c t o r  f o r  t h e  a i r l i n e s  was a l s o  changing.' It r o s e  f o r  s e v e r a l  reasons.  F i r s t ,  
grounding planes o r  reducing d a i l y  a i r c r a f t  u t i l i z a t i o n  decreases  some opera t ing  
c o s t s  bu t  does not a f f e c t  some s u b s t a n t i a l  f i x e d  c o s t s  borne by the  a i r l i n e s .  
I n t e r e s t  charges a r e  one of  t h e  l a r g e s t  o f  t h e s e  c o s t s .  Others include f a c i l i t y  
agreements a t  a,l .rports, and. overhaul. expenses t o  r e t u r n  a i . r c r a f t  t o  s e rv i ce .  A 
spokesman f o r  N A  es t imate8  .I;hat 35 percent  of t he  r ~ . r r i e r ' s  c u s t s  would rmain  e.r/-rn 

SC* 
i f  opera t ions  were reduced t o  zero. 

A second reason f o r  t h e  inc rease  i n  breakeven load  I t 3 c t u ~ ~ s  was, fif courcs,  t h p  
dramatic  jncrease  i n  f u e l  p r i c e s  experienced by t h e  a i r l i n e s .  Because of t he  r e l a -  
t i v c l y  l a r g e  prnpnrt,d.on' represented  by f u e l  i n  a i r l i n e  uperat ing c o s t s ,  f u e l  p r i c e  
increas 'es  s i g n i f i c a n t l y  a f f e c t  the  earnings outlook. l r i  t he  r e c e ~ l l ;  canccrn abaut 
an OPEC o i l  p r i c e  i nc rease ,  i t  was est imated t h a t  a 20 percent  increase  i n  th.e p r i c e  
of o i l  would cos t  t h e  a i r l i n e s  h a l f  a b i l l i o n  dol la rs .H* This would more than wipe 
ou t  p ro j ec t ed  1977 p r o f i t s .  While f u e l  a l l o c a t i o n  does not s t r i c t l y  imply i ~ c r e a s e d  
p r i c e s ,  they a r e  a. l i k e l y  ad,junct of  a f u e l  supply s h o r t f a l l .  

One f i n a l  cons idera t ion  important t o  .Lhr app l i ca t ion  of a f'l.lrl a l l o c a t i o n  
program involves t h e  r e l a t i o n s h i p  between sho r t -  haul  and long-haul a i r  t r a v e l .  For 
example, i t  i s  u n l i k e l y  t h a t  a p o l i c y  of f u e l  a l l o c a t i o n  could s u c c e s s ~ l y  discrim- 
i ,na te  among , t hese  markets.  A s  .a r e s u l t ,  long-haul a i r  t re .vel ,  which i s  more f u e l  
e f f i c i e n t ,  w i l l  a l s o  be penal ized  t o  a greater o r  l c a sex  ex*-~nt,  depending on t h e  
r o u t e  system of a c a r r i e r .  During the  1974 f i e 1  a l l o c a t i o n ,  moreover, t h e r e  was 
some evidence t h a t  a i r  s e r v i c e  i n  some shor t -haul  markets improved a s  t r a v e l e r s  
s h i f t e d  from the  automobile t o  t he  a i r p l a n e .  **** Clear ly  t h i s  was s t imula ted  Sy 

 h he A i r l i n e s  New Aus te r i t y . "  Business Week. March 30, 1974, p. 57. ,   or t h e  
i n d i v i d u a l  c a r r i e r s ,  l oad  f a c t o r s  111 .the f ' i ~ ~ t  2 months of 1...974 were  from 0.2 t o  
13.1 percqntage po in t s  higher  than during t h e  .same per iod  i n  1973. The median 
tnc rease  was 5.8 percentage p o i n t s . )  

H"The A i r l i n e s  New Aus te r i t y . "  Ia Busine.33 Week. bh.rch.  30, 1974, p. 60. (Note 
t h a t  t h e  percentage may be s u b s t a n t i a l l y  lower f o r  a pure ly  domestic c a r r i e r .  ) 

- ~ e o r g e  James, A i r  Transport Associat ion of  America i n  Business Week. , 

October 18, 1976. 
- x - k Y x l r  Load Fac tor  GrowLh Continues. " A v i ~ t i  on Week and'  Space Technology. 

March 18, 1974, p. 23. 



uncertainty over gasoline availability. Coupled with the likely inability of a 
fuel allocation program to yield'70 percent load factors on each individual route, 
the long-haul and short-haul route relationships raise some doubt ak to whether the. 
f'ull complement of projected fuel benefits can be achieved by implementation of 
this strategy. 

Replzce'&arge aircraft with small aircraft.a.nd maintain c u r r e  sche&Qeg . . . . . . . . . . . . . . . . . . . . . . . .  
through 1980. - - - - - -  This strategy represents a combination of the folldwing two 
strategies. Since there are no synergistic effects associated with dual impl&enta- 
tion, the restraints on implementation are the same as those described for the indi- 
vidual strategies. Overall, as described below, it is unlikely that this strategy 
could be implemented under normal or crisis conditions. 

Maintain current schgdules through 190. - - - - - - - - - -  - - - - -  - - In this strategy, the current 
airline schedules, which include consideration of the complex scheduling, routing and 
aircraft positioning requirements, were assumed to be maintained through 1980. Fre- 
quencies were increased only to prevent load factors from exceeding 70 percent. The 
Task 5 results showed energy savings at about 2/3 of the level achieved by the 'fie1 
allocation strab@gy. 

Scheduling is currently under the sole authority of the indivudal carriers. It 
is, moreover, one of the forms of service competition which the airlines actively 
pursue. To win more passengers, airline managements feel they should offer more 
flights. The objective is not only to induce new passengers to fly, but also, per- 
haps more importantly, to lure passengers away from other airlines, thereby increas- 
ing the market share of the carrier that increases capacity. 

This relationship between output and market share creates an environment in 
which voluntary maintenance of current schedules by individual carriers is unlikely; 
If a carrier restrains capacity increases, it will suffer more than a proportional 
loss in market share.* In the past, as scheduling rivalry .worked to drive profits 
down, capacity agreements were initiated by request of the carriers. These anti- 
competitive agreements, in effect from 1971 to 1975 in four markets, have been 
declared illegal by the U.S. Court of App,eals and are unlikely to be resumed in the 
fiitnre. , 

Nevertheless, it is informative.to recount briefly the practical restraints 
encountered in negotiating the agreements during 1971.~ Initially 21 "over-served" 
markets were identified by the carriers as candidates for capacity agreements. The 

"~eorge Eads . "Competition Pn the Dvmestic Airline Industry. " Promoting Competition 
in Regulated Markets . Ed. Almarin Phillips.   he Brookings Institution; Washington, 
1-975. ) 

*Based on Eads. "Compeition in the. Domestic ,Airline Industry. " Ibid. 



CAB allowed talks to be set up for 13 markets, but agfeement could be reached in only 
four markets. The basic restraint on successfU negotiation involved the reluctance 
of the carriers to accept continuation of the market shares which existed at the 
start of the agreement. Again, this points to the unlikelihood of voluntary 
restraint of capacity increases through 1980. 

Mandatory restraint of capacity increases is also unlikely. The Federal 
Aviation Act forbids direct control by the CAB over service frequency.* Under nor- 
mal conditions, and particularly in light of the momentum to freer competition, 
scheduling controls are unlikely. During the fuel supply shortfall of 1974, however, 
Congressional committees considered emergency energy legislation giving the'CAB 
authority to dictate reductions or changes in air carrier operations. This authority 
was advocated by CAB Chairman, Robert Timm, and very few airlines raised heated 
 objection^.-^-^^ The proposal was taken under advisemenf, at a time when ,the csrriera, 
unprepared for the reduced fuel allocations, were making unilateral cutbacks in 
scheduled service, waiting to see what changes other carriers made, and then repair- 
ing errors. However, this scheduling chaos w86 iargely 'bruught about by irlo-uf'fi- 
cient lead time for multilateral development of schedule cutbacks, In the future, 
this chaotic situation and its resulting impact on the public convenience and neces- 
sity can be averted through contingency planning and coordfnatlun, a ~ ~ u l d i n g  to 
existing law, through the CAB. As a result, it is unlikely that Congress will act 
in favor of emergency authority for the CAB to take over direct control of airline , 

scheduling, which remains the prime prerogative of airline management. 

Reelace large aircraft with smal&ey aiycraft, - - - - - - - - - - - - - -  - This strategy yields 
energy savings from both equipment changes and increased load factors. The 
restraints on implementation, both voluntary and mandatory, are essentially the same 
as those discussed under the strategy for small aircraft replacement on connecting 
routes (see next, section). In summary, implementation Is wllikely under both normal 
&fid crisis cu~ i r l l  tiuns. 

Effect Shifts to Less Energy-Intensive   odes 

A surcharge on airplane tickets was the only air travel penalty considered. 
Two types of surcharges, fixed and declining, were evaluatcd in Task 5. The 
declining surcharge resulted in an energy savings benefit about 8 percent greater 
than the fixed surcharge. It also cost about $2 less per unit of energy saved. 
The final advantage of the declining, as compared with the fixed, surcharge involves 
the interaction of the short-haul and long-haul travel markets. Specifically, a 
fixed $8.00 increase in the cost of short-haul tickets results in a fare increase of 
about 15 percent for trips of 500 miles. In contrast, trips of 501 miles, which 

"49 USc 1371(e)(4). 
H"Outlook for ,1974. " Aviation Week and Space ~echnolo~~. (~ditorial) 

January 7, 1974, p. 7. 



-auld be i n  t h e  long-haul market, would not  be subjec t  t o  any f a r e  i nc rease .  This 
. i s con t inu i ty  i s  e l iminated by t h e  dec l in ing  surcharge,  under which f a r e  increases  

disappear  e n t i r e l y  at 500 miles .  

The major r e s t r a i n t  on implementing a surcharge on a i r  t i c k e t s  under normal 
condit ions i s  l e g i s l a t i v e  o r  p o l i t i c a l .  As i s  we l l  known, t h e  i s s u e  of deregula t ion  
cu r r en t ly  dominates l i g i s l a t i v e  cons idera t ion  of t h e  a i r l i n e  indus t ry .  One of t h e  
prime motivat ions f o r  t h i s  i n t e r e s t  i s  t h e  prospect  f o r ,  and widespread consumer 
support o f ,  lower a i r l i n e  f a r e s .  Compounding t h e  s t r a t e g y  opposi t ion which would 
emanate from those seeking lower a i r  f a r e s  i s  t h e  danger of  pena l iz ing  a i r  t r a v e l  
during a per iod  of  f i n a n c i a l  reorganiza t ion  of t h e  indus t ry .  While t h e  i s s u e  of  
pena l iz ing  one mode t o  t h e  advantage of another  mode i s  p o l i t i c a l l y  s e n s i t i v e  under 
any circumstances,  t h e  imminence of  a i r l i n e  deregulat ion and t h e  unce r t a in ty  of i t s  
impact on t h e  short-term v i a b i l i t y  of t h e  indus t ry  s t rong ly  ind ica t e s  t h e  u n l i k e l i -  
hood of  ga in ing  l e g i s t a t i v e  approval of an a i r  f a r e  surcharge under normal energy 
supply condi t ions .  

In  a severe energy supply s h o r t f a l l ,  however, Congressional p r i o r i t i e s  may be 
expected t o  refocus.  The r e l a t i v e  magnitude of  t h e  energy savings achieved by an 
a i r  f a r  surcharge may o f f e r  a seemingly compelling reason f o r  Congress t o  a c t  i n  
favor  of t h e  s t r a t e g y .  Such ac t ion  would never the less  be r e s t r a i n e d  by t h e  i d e n t i f i -  
ca t ion  i n  cu r r en t  law of t he  promotion of a i r  t r a v e l  a s  a goal  of av i a t ion  pol icy  
and t h e  FEA Five Year Conservation program. Because of t h e  suppression of a i r  t r a v e l  
demand caused by t h e  s t r a t e g y ,  it  would be d i f f i c u l t  t o  implement d e s p i t e  t he  
apparent energy savings b e n e f i t s .  It might be necessary,  f o r  example, t o  r eba t e  
p a r t  of t h e  surcharge t o  t h e  a i r  c a r r i e r s  i n  order  t o  prevent a d e t e r i o r a t i o n  of 
t h e i r  f i n a n c i a l  pos i t i on  during a f u e l  c r i s i s .  

S t r a t e g i e s  Affec t ing  Energy Use i n  Connecting o r  
Access ~ o r t i o n s  of an I n t e r c i t y  T r i p  

I n  Task 5 ,  t h r e e  s t r a t e g i e s  were eva lua ted  which a f f e c t  energy use i n  connecting 
o r  access  t r i p s .  These were, i n  decreasing order  of absolu te  energy savings:  1) 
replace  connecting f l i g h t s  with bus s e r v i c e ;  2 )  rep lace  equipment used i n  connecting 
f l i g h t s  with small  a i r c r a f t ;  and 3 )  r ep l ace  automo'bile use with small  .ailbcrafl; for  
accessing hub a i r p o r t s .  The f i r s t ,  two of t hese  s t r a t e g i e s  a r e  s u b s t i t u t e s  i n  t h a t  
only one of  t h e  two could be implemented. 

Replace Connecting F l i g h t s  'with Bus Service 

This s t r a t e g y  provides a considerably lower p o t e n t i a l  f u e l  b e n e f i t  than  t h e  small- 
a i r c r a f t  replacement a l t e r n a t i v e .  The s u b s t i t u t i o n  of b u s . s e r v i c e  f o r  connecting a i r  
s e rv i ce  a l s o  r e s u l t s  i n  a t r a v e l  t ime penal ty  f o r  passengers and no compensating Yare 
inducement. These r e s u l t s ,  p a r t i c u l a r l y  when coupled with t h e  adminis t ra t ive  require-  
ments o f . coo rd ina t ing  two modes, o f f e r  no compelling reason f o r  t h e  f e d e r a l  governpent 
t o  adopt a pol icy  of mandatory replacement,  under e i t h e r  normal o r  c r i s i s  condi t ions.  
I n  add i t i on ,  t h e  outlook i s  not  good f o r  voluntary i n i t i a t i o n  of t h e  bus replacement 
~ t ~ r a t e g y .  



From the bus industry's point of view,there are two restraints on the provision 
of connecting service. First, considerable expansion of route authority would have 
to be obtained from. the ICC.* while this does not appear to be a major restraint, 
it is likely to slow down, th; process of bus replacement. It is also likely to limit 
widespread adoption of the st~ategy. From 1960 to 1970, for example, the percentage 
of applications denied by the ICC for regular-route, charter, and special service 
operating authority ranged from 36 to 44 p e r ~ e n t . ~  

The second restraint on voluntary provision of connecting service is largely 
economic. Initiation of a new service is both risky and expensive, as discussed 
under Bus Strategies. Since the bus cannot compete with the airlines in terms of 
travel time or fare on these connecting routes, bus companies may require some 
assurance of airline cooperation. Tnt,rlrmodal agrccmcnts would 111 turn necessitate 
regulatory approval. 

From the airlines point of view, withdrawal from connecting routes would be 
advantageous on only those routes operating unprofitably and not providing an impor- 
tant link in the airline's network. Even in these instances, the CAB and communities 
affected would have to agree that bus service is an adequate replacement for the 
previously authorized air service. Such agreement i s  not cnnsid.ered bilrcly over the 
b1~ul.L L e m .  

Airline deregulation may, however, provide an impetus to increase air-bus 
coordination over the long term. For example, communities which do not wish to 
share in a federal subsidy program to maintain underutilized air service may be 
prime candidates for promotion of airport limousine service. Limousine service 
appears to be sufficiently lucrative that government subsidies would not be required. 
It has, moreover, enjoyed a high level of acceptance at the local level. The only 
policy action required would be for the ICC to grant new operating righto for the 
service. In recent years, the ICC has been quite permissive regarding the granting 
of certificates of puhlic convenience and necessity for limousine services. *XSC 

Replace Equipent Used in Connecting Flights with Small Aircraft 

Three policy alternatives for stimulating thc rep lacar~enL of aircrart were 
considered: 1) mandatory adoption; 2) voluntary adoption; and 3) dereguation of 

*currently intercity bus companies provide service to 31 airports from 72 differcnt 
cities uld -towns. [Lawrence Leist, Increasing the Attractiveness of b:nd Based 
Common Cayrier Transportation in the United States. . Transportation Systems Center, 
U. S . Department of Transportation. , October, 1975. (Fhsed on Russell' s Official 

. National Motor Coach Guide. July, 1975. ) ] 
*Elizabeth A. Pinks ton. The Intercity Bus Transportation Industry. Unpublished 
thesis. Yale Universi.t.y 1975, p. 50. 

-Elizabeth Pinkston. The Intercity Bus Transportatior~ Industry. 1975. 



entry and exit. A policy of mandatory adoption of replacement aircraft, such as 
through federal legislation, would under normal energy supply conditions be 
restrained by the growing momentum in Congress and the wecutive toward less regula- 
tinn of the airline industry,* The strength of the private-market advocates, par- 
ticularly when coupled with protests from the airline . . industry (as described below) 
indicates that mandatory adoption under normal circumstances is highly unlikely 
over the short term. 3-K 

In an energy supply crisis there are two major operational and economic 
restraints which indicate that mandatory adoption would be unlikely. First, because 
airlines optimize equipment use on a system-wide basis, the flight requirements for 
aircraft positioning may substantially reduce or offset the energy savings from the 
small-aircraft replacement. For example, large aircraft often serve a low-density 
route because the large aircraft is needed at the destination city. In such a case, 
prohibition of the use of the large aircraft would probably result in the flight of 
both the large craft (empty) and the small craft (with passengers) to the destination 
city. 

The second major restraint in use of this small-aircraft replacement strategy 
as a contingency plan relates to the availability of the smaller craft. Large-scale 
replacement, even assuming some form o:f federal financing,.may not be possible within 
one year. Currently, for example, Beech has dropped production on the Beech 99 
airliner until a sizable block of orders develops. While it is possible that some 
99s could now be sold, priority has been given to a backlog of corporate and'military * orders for the King Air. Overall, it appears that a sudden surge in demand for 
smaller ai-rcraft could not be accommodated without start-up time lags, likely to 
exceed one year. 

voluntary adoption of the small-aircraft replacement strategy is restrained by 
two primarily economic factors. First, the Airline Pilots Association's formula 
for determining salaries is biased toward compensation on the basis df large plane 
use. As a result, flight crew costs, which typically represent about 25 percent of 

*Eleanor Sugrue, Deputy Assistant Secretary of Policy Program Development, U.S. 
Department of Transportation. November 29, 1976 and Alexander Morton, Civil 
~eronautics Soard. November 30, 1976. 

is true that the federal government has mandated airline reequipment (or 
retrofit) under the Noise Control Act. This.action, however, does not parallel 
the small-aircraft replacement considered here because of the long-standing 
authority for noise control. It is worth noting, however, that the replacement 
equipment under the Noise Control Act is considerably more fuel efficient than 
most of the aircraft currently in use. 
11 &bine Business Aircraft Boom Due. " Aviation Week and Space Technology. 
September 13, 1976, p. 24. 



the total operating costs of local service airlines, would not decrease in proportion 
to reductions in operating costs upon adoption of smaller planes.* The significance 
of this phenomenon is illustrateb in an announcement by Frontier Airlines that it 
would not acquire small air taxi-type planes because of the prohibitive pilot pajr 
scale. 

The second major restraint on voluntary adoption involves the ability of the 
airlines to attract capital for equipment replacement. After extravagant spending 
on jumbo jets which nearly bankrupted the .industry in the early 1970fs, the airlines 
now find that they must replace aging 707's, Dc-8's and some early 727's, which 
together represent about one-third of the industry's fleet.** The Air Transport 
Association has estimated that this major capital investment program will require 
about $5 billion through the rest nf the 1970's and another $60 billion i l l  Lhe 
1980' s .** The poor financial record of the industry i n  recent, ym.rs, hn~arever, h a ~  
resulted in the unwillingness of some traditional sources of external capital to 
i ~ l v e s t  in or lend to the airlines. *** In addition, uncertainty over the outcome 
of ,the deregulation controversy has increased the reluctance of banks and insurance 
companies to advance new credit to the industry. Consequently, the industry is 
already hard-pressed to meet its capital need.s; exclusive of any additional small- 
aircraft replacement costs. 

Several recent forthcoming federal actions may provide some aid to the airlines 
in this capital squeeze. Under the Tax Reform Act of 1976, the airlines are 
allowed to use 100 percent of their investment tax credit in each of the next two 
years instead of the normal 50 percent. It should be noted, however, that-this 
provision of the tax bill orily narrowly passed the Senate. ***** Other federal aid, 
for retrofit or reequipment wader the Noise Control Act, is expected during 1977. ***w* 

The proposal receiving the greatest attention, and supported by the Air Transport 
Association, involves allocation of 2 percent of the 8 percent 't:i(:ket, ~ R X  to a 
special find for airline financing. 

.. ., .. ." * - ,  ...,.. - 
* G .  C. Eads. The Local Service Airline Experiment. (1972), p. 31. 
)tX"~ime to Fasten Seat Belts?" ~drbes. October 15, 1976, p. 40. 
***~ir Transport Association of America. The Sixty Billion Dollar Question. 

September, 1976. 
***standard and Poorf s Corporation. "Air Transport. Current Analysis, " Standarr! 

wid koor's Industr-y Surveys. September 16, 1976, p. A. 57. *++* Phil Bakes, Senate Subcommittee on Administrative practice and Procedl~re, 
lVovember 30, 1976 (Bssed by a margin of 3 votes. ) 

**'-'.' cap5 t c l l  requireiaer~ 1;s fo r  reequipment (which is favored by the industry as more 
economical over the long term) are estimated at $6 billion. Retrofit of air- 
craft to bring them into compliance with noise standards would cost about $300 
or $400 million. Retrofit is favored by bankers and consumer groups.  ax ax 
to Finance Aircraft Noise Cutback' Urged. " Washington Post. December 2, 1976, 
pp. 3.11 and E.13. ) 



In addition to these actions, the Department of Transportation is currently' 
considering an ,extension of the federal loan guarantee program for local service 
airlines. On the surface, this program appears to haye the greatest potential 
for affecting voluntary adoption of the small-aircraft replacement strategy since 
one of its primary purposes has been to secure credit for the purchase of smaller 
aircraft." Use of the program, however, has been negligible over the last 10 years. 
Moreover, there is no indication at this time that extension .of the program, in iight 
of other restraints, will stimulate voluntary adoption of the strategy. 

The final policy alternative considered under this strategy involves the 
numerous proposals for airline regulatory reform which have been before Congress in 
Recent years. One of the key areas of controversy in these proposals involves the 
deregulation of entry and exit. Proponents of deregulation, including the, Department 
of Transportation, claim that open entry and exit will bring about nationalization 
of the carriers' route systems, thereby enabling better matching of equipment to 
market demand.- This would, in a limited manner,achieve the objectives of the 
small-a5rcraft replacement strategy. 

The issue of deregulating entry and exit, however, does not hinge simply on 
projections of route rationalization. Proponents of deregulation view the' current 
regulatory system as promoting service rather than price competition. It is argued 
that service rivalry increases the level of airline fixed costs and, in' turn, the 
volatility of earnings 'in response to changes in the demand for air travel. . With 
freer entry and exit and flexible pricing, proponents contend that air fares will 
be'lower, the industry more efficient, and the airlines, after some potential short- 
term dislocations, more prosperous under their own control. 

In contrast, opponents of deregulation characterize airline operations within 
the current regulatory environment as intensely price-competitive, citing the speed 
with which any price reductions are met by competitors. ** Industry spokesmen also 

' 

maintain that if they provided cheaper flights, with fewer frills, "our aggressive 
competitors would be filling in the schedule gaps we would be vacating . . ." 
Opponents, while generally unopposed to more flexible pricing, predict that freer 
entry and exit would result in abandonment of service on unprofitable routes 

*Peyton Wynns, Office of Regulatory Policy, Department of Transportation. 
November 29, 1976. 

-Eleanor Sugrue, Deputy Assistant Secretary for Policy Program Development, 
U.S. Department of Transportation. November 29, 1976. 

H*John W. Barnum, Deputy Secretary, U.S. Department of Transportation. As 
reported in Aviation Week and Space T chnology "Deregulation Termed Financing 
Threat. " August 16, 1976, p. 35. 

H**~dward E. Carlson, United Air Lines Chairman. As reported in Journal of Commerce. 
"Airline Chiefs Criticize Proposed Aviation Act." April 14, 1976, p. 2. 



(currently cross-subsidized by profitable long-haul routes) and massive overcapacity 
within the industry. * 

The financial community has also opposed freer entry. Lenders are already 
reluctant to advance new capital to the airlines'. They believe that the industry 
is too undercapitalized to obtain more debt financing in a nonregulated envir~nment.~ 
As a result, a spokesman for the financial community has estimated that the five-year 
transition period envisioned under the Administration's legislative proposal would 
provide insufficient time for the industry to effect the major financial restructuring 
required by deregulation.** The financially weaker carriers would probably face 
bankruptcy or merger, thereby compounding the already strong apprehensions of the 
financial community. 

In responding to these assertions of financial disaster, the proponents of 
deregulation contend that the current regulatory system exacerbates the industry's 
financial insta'bility.** ,The experience of intrastate carriers in the Texas 8nd 
California intrastate markets indicates that profit levels under a system o f  increased 
rate flexibility and Yree entry would be simi.lar t.n n r  c rea . t . e r  t.han present Levels 
due to reduced service and capacity competition (higher load factors and reduced 
unit costs), and dramatic increases in passenger volumes from competitive fare 
reductions. Even proponents of deregulation, however, predict some short-term 
dislocations as inefficient carriers face bankruptcy and are replticed by new entrants. 

Other sources of opposition to deregulation of the airline industry include 
airline employee labor unions who fear loss of jobs and are concerned about the diffi- 
culties of orgariizing labor groups in a fragmented industry. Airport operators have 
indicated concern over their ability to raise money from revenue bonds under deregy- 
lation."**** In addition, the issue of service to small communities under deregula- 
tion has been the source of considerable controversy. 

"r. George James, Chief Economist, Air Transport Association of America. 
December 2 ,  1 ~ 1 6 .  

**1n the past, lenders have accepted the high leverage inherent in most airlines 
capital structures (an average debt-to-equity ratio of 2.5 in 1975) because 
thSS risk is more than offset by the reduced risk resu~ltinc from regulation. 
("~eregulation Termed Financing Threat" in Aviation Week and Space Technology. 
~ugust 16, 1976, p. 35.) *** Frederick W. Bradley, Jr., Vice President of Citibank, in airline industry 
seminar sponsored by the Financial Analysts Federati  on. As reported in 
"Deregulation Termed Financing Threat" in Aviation Week and Space Tcchnolop,y. 
August 16, 1976, p. 35. 

*-~ohn W. Barnum, Deputy Secretary, U.S. Department of Transportation. As 
reported in Aviation Week and Space Technology. "Deregulation Termed Financing 
Threat:' August 16, 1976, p, 35. 

*-"~eregulation Scares an Industry." Business Week. October 25, 1976, p. 110. 



Under the current regulatory system, airlines are required to maintain service 
on unprofitable routes as long as the communities affected maintain a minimum number 
of enplanements. In a deregulated environment, ;the. airlines assert that unprofitable 
points would be abandoned, leaving many small communities without service. The 
Administration's proposal for deregulation, however, provides a guarantee of con- 
tinued air service to every small community now receiving air service. 'kis guaran- 
tee is qualified only by the provision that a' town contimrally unable to enplane as 
many as five passengers a day would eventually have to share half the costs of the 
federal subsidy program. 

The foregoing discussion has only briefly touched on some of the major issues 
in the controversy over airline deregulation. It. is expec'ted that Congress will, 
within the next year, be acting on one of the existingoranewproposal for greater 
freedom of entry and rate flexibility in the industry. Moreover, it is estimated 
that within two years, and very possibly during 1977, the transition toward unregu- 
lated competition will begin." Once the transition starts, the length of time before 
a competitive equilibrium is rea'ched, and a rationalized route system emerges, can 
only be hypothesized. The process, which is highly dependent on the content of the 
legislation passed, may take from 5 to'20 years. 

Replace Automobiles by Small Aircraft for Accessing Hub Airports 

Over the short term, promotion of commuter air service to access hub airports 
is primarily dependent upon the existence of airfields in those communities not 
served by scheduled airlines and the interest of potential or existing carriers in 
providing that service. In communities which have airfields, the failure of commuter 
airlines to provide service to hub airpots indicates that such service is not commer- 
cially viable and/or that the seed money required to get the service started is not 
available. This experience suggests the need for government subsidy in order to - 
stimulate implementation of the strategy. 

. . 

2oth the CAB and the DOT have recently published reports scrutinizing the issues 
involved in subsidizing air service to small ~ommunities.~ Both reports recognize 

' 

that the local service carriers, *despite subsidization, are not providing appropriate 
service to small communities. This unsatisfactory experience with the existing 
subsidy program severely restrains the potential for instituting additional subsidies 

*phi1 Bakes, Senate Suhc.nm.mi.tt,ee nn AdmJ.nistrative Practice and Procedure, 
November 30, 1976; Eleanor Sugrue, Assistant Deputy, Secretary of Policy Program 
Development. U. S . Department of Transportation. November 29, 1976; Alexander 
Morton, Civil Aeronautics Board, November 30, 1976. ** Civil Aeronautics Board. Staff Task Report on Service to Small Communities. 
May, 1976 and Department of Transportation. Air Service to Small .Communities. 
May, 1976. 



in order to promote commuter air service in accessing hub airports. The following 
comment by the DOT illustrates the tone of opposition to such a proposal:* 

. , 

While one might justify a fixed-term subsidy to provide a period of 
adjustment for those communities that have become dependent on existing 
air service, even if unecomonic, it,is inappropriate to foster such 
dependency at additional communities. 

In view of the limited energy savings potential associated with this strategy, the 
likelihood of overcoming objections to subsidization of additional air service is 
negligible. 

*comments of the United States Department of Transportation before the Civil 
Aeronautics Board. Air Service to Small Communities. Docket 29278. July 19, 1976. 



APPENDIX I V  

As noted i n  t h e  main t e x t ,  t h e  bene f i t / cos t  a n a l y s i s  was based on a  technique 

developed by UTRC and descr ibed i n  Ref. 67. The a n a l y s i s  involves t h e  use of  t h e  
following parameters:  

. Short hau l ,  i n t e r c i t y  t r a v e l  demand ( 109 pass-miles/yr ) . Tota l  user  cos t  ( $ l 0 9 l y r )  . Tota l  u se r  t ime (109 h r / y r )  . Required subsides ( $ l 0 9 / ~ r )  . Number of ' f a t a l i t i e s  . Tota l  energy (1012 Btu /yr )  . Tota l  emissions (103 wtd. t o n s / y r )  

Quan t i t a t i ve  values f o r  t h e s e  parameters a r e  presented i n  Table X L I I  o f  t h e  na in  t e x t .  

Depending on t h e  poin t  of view, any of t hese  parameters may be s t a t e d  a s  a  b e n e f i t  
o r  a  c o s t .  For example, energy use i s  a  cos t  i n c u r r e d . i n  t r anspor t ing  people,  but  
energy savings achieved by modal s h i f t s  a r e  a  b e n e f i t .  The po l i cy  adopted here  i n  
i den t i fy ing  parameters a s  e i t h e r  b e n e f i t s  o r  cos t s  i s  based on t h e  following simple 
d e f i n i t i o n :  A l l  parameters a r e  s t a t e d  i n a  form which . i s  always numerically p o s i t i v e .  
Those f o r  which an inc rease  over t h e  base l ine  value i s  b e n e f i c i a l  (independent of 
a l l  o the r  e f f e c t s )  a r e  t r e a t e d  a s  b e n e f i t s  and those  f o r  which an increase  over t h e  
base l ine  value i s  de t r imenta l  a r e  t r e a t e d  a s  c o s t s .  This d e f i n i t i o n  avoids t h e  most 
pervasive computational problem i n  b e n e f i t / c o s t  ana lyses ,  namely, t h e  occurrence of 
"negative1' cos t s  and b e n e f i t s .  It has t h e  e f f e c t  of def in ing  more c o s t s  than  b e n e f i t s ,  
but t h i s  f e a t u r e  i s  not  a  drawback i n  t h e  UTRC.method. 

Using t h e  d e f i n i t i o n ,  only demand f o r  t r a v e l  i s  viewed a s  a  b e n e f i t ,  t h e  r a t i o n a l e  
being t h a t  t h e  purpose of  a  t r a n s p o r t a t i o n  system i s  t o  f u l f i l l  t h e  p u b l i c ' s  need f o r  
mobil i ty .  System changes which induce t r a v e l  a r e  t h e r e f o r e  b e n e f i c i a l  i n  t h a t  they  
enable more people t o  f u l f i l l  t h e i r  t r a v e l  needs. Since ' 'costs" a r e  a s soc i a t ed  with 
each induced t r i p ,  t h e  u l t ima te  d e s i r a b i l i t y  of  a  s t r a t e g y  which s t imu la t e s  t r a v e l  
must be judged on t h e  b a s i s  of  a  r a t i o  of  b e n e f i t s  t o  c o s t s .  The remaining parameters 
l i s t e d  above comprise t h e  cos t  t o  t h e  system s i n c e ,  by t h e  d e f i n i t i o n ,  an increase  i n  any 
one of  t h e m , ' r e l a t i v e  t o  t h e  b a s e l i n e ,  i s  undes i rab le .  A summary of  p e r t i n e n t  para- 
meters used I n  Ll~e bene f i t / coc t  study .i.s provided i n  Table X L I I  of t h e  main t e x t  f o r  
a l l  combination s t r a t e g i e s  and f o r  t h e  base l ine  case .  

The essence of  t h e  UTRC Benefit/Cost Analysis method i s  t o  nondi.mensionalize each 
parameter with respec t  t o  t h e  base l ine  value and form ind iv idua l  b e n e f i t / c o s t  r a t i o s  
from t h e s c  normalized val.11es. These r a t i o s  a r e  combined i n t o  a  b e n e f i t l c o s t  r a t i n g ;  
r a t i n g s  g r e a t e r  t,han 1 .r) i n d i c a t e  s t r a t e g i e s '  super ior  t o  t h e  base l ine .  A provisiori  i s  
a l s o  made f o r  weighting t h e  cos t s*  r e l a t i v e  t o  one another  t o  account t'or perceived 
d i f  fe~.ei ices  i n  importance. 

"Benefit weightings may a l s o  be used. However, i n  t h i s  ca se ,  such weightings a r e  
unnecessary because t h e r e  i s  only one b e n e f i t .  
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However, s ince  it i s  o f t e n  d i f f i c u l t  t o  ob ta in  a  consensus a s  t o  what t h e s e  weighting 
f a c t o r s  should be ,  t h e  c a l c u l a t i o n s  have been made f o r  two cases :  1) us ing  weighting 
f a c t o r s  der ived i n  an e a r l i e r  UTRC s tudy ,  and 2 )  using u n i t y  weighting f a c t o r s .  The 
va lues  used i n  t h e  f i r s t  case a r e :  

Parameter , Weighting Factor  
To ta l  User Cost 0.094 
Tota l  User Time 0.232 
Required Subsidies  0  ,018 
F a t a l i t i e s  0.312 
To ta l  Energy 0.247 
To ta l  Emissions 0.097 

These weighting f a c t o r s  were derived by considering t h e  numerical value of 
each parameter i n  ' the t r a n s p o r t a t i o n  context  compared t o  i t s  n a t i o n a l  va lue .  Thus, t h e  
f a t a l i t i e s  weighting f a c t o r  i s  t h e  r a t i o  of t r a n s p o r t a t i o n  f a t a l i t i e s  ( a l l  modes) t o  
a c c i d e n t a l  f a t a l i t i e s  of a l l  t y p e s ,  and t h e  t o t a l  energy weighting f a c t o r  i s  t h e  
r a t i o  of  t r q s p o r t a t i . o n  enprgy 1 . 1 ~ ~  of p c t r o l e m  f u e l s  L u  r ~ a ~ l b r ~ a l  peP;Yd.l.e111~1 energy 

W 
e x p e n d i t u r e s ' i n  a l l  s e c t o r s .  Although t h e s e  d e f i n i t i o n s  a r e  der ived on a  l o g i c a l  * * 
b a s i s ,  t h e  r e s u l t s  a r e  not  l i k e l y  t o  be accept,ed un ive r sa l ly .  Therefore,  it was 
decided t h a t  t h e  u n i t y  weight ing f a c t o r  case should a l s o  be included a s  a  b a s i s  f o r  
unbiased comparison. 

A s  ind ica ted  above, f a t a l  i  t , i  P S  i 5 t h e  coct  with t h e  lligPiisl. w e l ~ l i L i n g ,  r e r l e c t i n g  
t h e  high percentage of acc iden ta l  deaths  which occur i n  automobile t r a v e l .  Even 
though t h e r e  has been a  gradual  downward t r end  i n  t h e  au to  death r a t e ,  and a  p a r t i -  
c u l a r l y  s t e e p  dec l ine  i n  1974 due t o  t h e  imposition of  a  n a t i o n a l  55-mph speed l i m i t ,  
t h e  overwhelming'majority of  t r a n s p o r t a t i o n  f a t a l i t i e s  occur on t h e  highway. A 
comparison of death r a t e s  f o r  t h e  d i f f e r e n t  modes of t r a v e l  i s  given below fo r  1973 
and 1980, t h e  l a t t e r  f i g u r e s  having been ex t rapola ted  from f ive-year  moving averages 
over  t h e  per iod  1950-1974. 

8 Death Rsto ( f a t a l i t i . e s / l  O pass-mi) 
vutl c! 19'( 3 1980 

1 .45  55 mph 
Auto 1.34 50mph 
Bus 0.13 0.12 
Ra i l  0.14 0 . 1 4  
Air*** 0.22 0.20 

NuLe t h a t  t h e  e f t ' ec t  o r  a  f u r t h e r  reduct ion i n  t h e  au to  speed l i m i t  t o  50 mph i n  1980 
has been pro jec ted .  This reduct ion  i s  based on an ana lys i s  of t h e  decrease i n  t h e  
au to  dea th  rate .between 1973, when t h e  average n a t i o n a l  speed l i m i t  was 67 mph, t o  

* The use of  petroleum r a t h e r  than  t o t a l  energy i s  i n  recogni t ion  t h a t  petroleum 
i s  t h e  f u e l  almost exc lus ive ly  used i n  t r a n s p o r t a t i o n  and i s  pr imar i ly  t h e  f u e l  
i n  s h o r t  supply. 

** The use 0 f . a  survery  alphi hi) technique t o  der ive  weighling f a c t o r s  was t r i e d  by 
UTRC i n  e a r l i e r  s t u d i e s .  The r e s u l t s  were h ighly  s c a t t e r e d  and d i f f e rences ,  when 
averaged, tended t o  wash ou t .  

***Available s t a t i s t i c s  do not  d i f f e r e n t i a t e  T/LS from Commuter A i r .  



1974, when it was lowered t o  55 mph. This ana lys i s  i nd ica t ed  t h a t  a  decrease of 
1 . 5  percent  i n  t he  au to  death r a t e  can be expected f o r  e'ach 1-mph reduct ion of t h e  
au to  speed l i m i t .  I n  Table A-IV each s t r a t e g y  which f e a t u r e s  t h e  50-mph au to  speed 
l i m i t  b ene f i t s  from t h e  s l i g h t l y  lower death r a t e  i nd ica t ed  i n  t h e  above p ro j ec t ions .  

A f a c t o r  which was not considered i n  t h e  ana lys i s  was t h e  increased  f l e e t . c o s t  
t o  t h e  a i r l i n e s  i n  t h e  s u b s t i t u t i o n  s t r a t e g i e s ,  a  f a c t o r  which would tend  t o  decrease 
, the b e n e f i t l c o s t  r a t i n g  f o r  such s t r a t e g i e s .  S imi l a r ly ,  t h e  ana lys i s  d id  not con- 
s i d e r  t h e  ownership cos t  of auto owners who t ake  a  publ ic  mode r a t h e r  than  t h e i r  own 
automobiles because of one of t h e  au to  pena l ty  measures. A s i m i l a r  r e s u l t  would 
have been found. 

The r e s u l t s  of t h e  b e n e f i t l c o s t  ca l cu la t ion  a r e  presented i n  Table A- IV and a r e  
depic ted  i n  bar  cha r t  form i n  F igs .  A-2 andA-3 f o r  t h e  ca l cu la t ed  and un i ty  weight- 
ing  f a c t o r  ca ses ,  r e spec t ive ly .  The f i r s t  notable  r e s d t  i s  t h a t  b e n e f i t l c o s t  rat- 
ings a r e  always improved when a  70% a i r  l oad  f a c t o r  i s  imposed. This r e s u l t  der ives  
e n t i r e l y  from energy and emissions cons idera t ions  because, a s  can be seen i n  Table 
XLII, t hese  a r e  t h e  only parameters which change between-the base l ine  load  f a c t o r  
and 70s load  f a c t o r  cases .  The improvement i s  not only un ive r sa l ,  bu t  it i s  a l s o  
of about t h e  same amount f o r  a l l  s t r a t e g i e s .  

l n ' F i g .  A - 4 ,  t h e  base l ine ,  load  f a c t o r  r e s u l t s  have been repea ted  t o  i l l u s t r a t e  
t h e  changes which. occur when d i f f e r e n t  weighting f a c t o r  assumptions a r e  made. It 
can be seen t h a t  when ca l cu la t ed  weighting f a c t o r s  a r e  used, many s t r a t e g i e s  r a t e  
b e t t e r  t h a n . t h e  base l ine  case (l .OO),but t h a t  use o f  un i ty  weighting f a c t o r s  pro- 
duces a  degradation i n  all cases .  This t r end  i s . a  consequence of t h e  high weight 
given t o  energy i n  t h e  f i r s t  case.  Since t h e  s t r a t e g i e s  were devised with t h e  
ob jec t ive  of reducing energy use ,  t h e  high energy weighting tends t o  l e a d  t o  genera l ly  
favorable  r e s u l t s ,  whereas equal  emphasis on user  c o s t ,  u se r  t ime,  and subsidy cos t s  
o f f s e t  t h e  energy improvements and produces a  low b e n e f i t / c o s t  r a t i o  compared t o  
t h e  base l ine  case.  

Another s i g n i f i c a n t  change i s  t h e  cons iderable  s h i f t  i n  t h e  r e l a t i v e  s tandings  
of t h e  s t r a t e g i e s  between t h e  two cases .  For example, S t ra tegy  C ranks 11 th  with 
ca l cu la t e t .  weighting f a c t o r s  and T i r s t  with un i ty  weighting f a c t o r s .  Furthermore, 
S t ra tegy  3' goes from 10th  t o  b th ,  S t ra tegy  9 goes from 12th  t o  5 th ,  S t ra tegy  6  goes 
form 7th t o  12 th ,  and St ra tegy  1 2  goes from 9 t h  t o  14th .  

On t h e  b a s i s  of  energy savings alone it was shown e a r l i e r  t h a t  t h e  s t r a t e g i e s  
which include an a i r  surcharge,  S t r a t e g i e s  7-12> a r e  super ior  t o  comparable 
S t r a t e g i e s  1-6 without t h e  surcharge.  The reason was an o v e r a l l  reduct ion i n  demand 
combined with a  d ivers ion  from a i r  t o  l e s s  energy-intensive modes Iiowever, t h e  
b e n e f i t / c o s t  r a t i n g s  reverse  t h i s  t r end .  Regardless of whi'ch weighting f a c t o r  
assumption i s  made, S t r a t e g i e s  7-12 a r e  genera l ly  poorer than t h e  corresponding . 

S t r a t e g i e s  1-6. Whereas t h e  s t r a t e g i e s  without t h e  surcharge a r e  super ior  i n  demand, 
u se r  t ime, f a t a l i t i e s  and emissions,  t h e  surcharge s t r a t e g i e s  a r e  super ior  only i n  



TABLE 'A-IV 

BENEFIT/COST RATINGS 

- 

Base l i ne  A i r  ~ o a d  Fac to r  70% A i r  Load Fac tor  

S t r a t e g y  Ca l cu l a t ed  Wgt . Unity  W g t .  Ca lcu la ted  Wgt . Unity Wgt. 

A 1 .0172 '0 .9666 1 .0251  0.9722 

B 0.9915 0.8319 0.9967 0.8352 

. 1 0  

11 
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u s e r  c o s t  and energy. Therefore,  t h e  nonsurcharge s t r a t e g i e s  a r e  genera l ly  b e t t e r  
i n  a  benefi t /cost ;sense,  although t h e  margin i s  smal le r  with ca l cu la t ed  weighting 
f a c t o r s  because of  t h e  importance of  t h e  energy advantage i n  t h a t  case .  

Another no t i ceab le  t r e n d  i n  F ig .  A-4 i s  t h e  r e l a t i v e l y  poor s tanding of s t r a t e g i e s  
f e a t u r i n g  a  bus f a r e  reduct ion  ( .S t ra teg ies  B ,  2 ,  4, 6 ,  8 ,  10 ,  1 2 ) .  In  each case ,  t h e  
l a r g e  subsidy requi red  t o  achieve t h i s  f a r e  reduct ion  i s  a  s i g n i f i c a n t  detr iment ,  
a l though t h e  low weight given t o  the lsubs idy  cos t  mi t iga t e s  t h e  e f f e c t  with ca l cu la t ed  
weighting f a c t o r s .  F i n a l l y ,  t h e  'lower death r a t e  with a .  50-mph auto  speed l i m i t  
makes S t r a t e g i e s  A ,  1, 2 ,  5 ,  6 ,  7 ,  8, 11 and 1 2  r e l a t i v e l y  more a t t r a c t i v e  than  t h e  
s t r a t e g i e s  with t h e  s tandard '  55-mph speed l i m i t ,  p a r t i c - a a r l  with ca l cu la t ed  
weighting f a c t o r s ,  because f a t a l i t i e s  a r e  assigned t h e  h ighes t  weighting i n  t h a t  
case.  

I 

The b e n e f i t / c o s t  comparisons of  modal s h i f t  s t r a t e g i e s  do not  r evea l  any obvious 
choices  a s  t o  which s t r a t e g i e s  a r e  c l e a r l y  b e s t  o r  c l e a r l y  poores t .  Rather ,  t h e  
b e n e f i t / c o s t  r a t i n g s  tend  t o  c l u s t e r  about t h e  base l ine  value.  The only s igni f icant .  
dev ia t ions  from t h j s  t r e n d  are t h e  poor r e s u l t s  f o r  bus iinprovelnent s t r a t e g i e s  
( B ,  2 ,  4 ,  6 ,  8 ,  1 0 ,  1 2 )  when un i ty  weighting f a c t o r s  were used. However, t h e s e  
r e s u l t s  a r e  due s o l e l y  t o  t h e  l a r g e  bus subsidy r e l a t i v e  t o  t h e  1980 base l ine  value.* 
Overa l l ,  t h e  b e n e f i t / c o s t  r a t i n g s  must be judge'd r a t h e r  inconclusive a s  f a r  a s  
choosing supe r io r  s t r a t e g i e s  i s  concerned. 

I n  t h e  sense t h a t  they con t r a s t  g r e a t l y  with t h e  s t r a t e g y  comparisons i n  
F ig .  22 of t h e  main t e x t ,  which a r e  based on energy savings alone,  t h e  b e n e f i t / c o s t  
r e s u l t s  do provide a  u se fu l  perspec t ive .  .They suggest t h a t  t h e  energy savings 
achieved by t h e  bes t  s t r a t e g i e s  i n  F ig .  A-4 t.enii t.o be neu t r a l i zed  by o thcr  consider- 
a t i o n s .  It. appears t hen ,  t h a t  t h e  d e s i r a b i l i t y  of e f f e c t i n g  modal s h i f t s  f o r  t h e  
purpose .of  saving energy must be judged on t h e  b a s i s  of  t h e  magnitude of t h e  savings 
achieved r e l a t i v e  t o  those  t h a t  might be achieved i n  o t h e r  energy-cnnsi~ming sect .ors ,  
t o g e t h e r  with t h e  degree of  d i f f i c u l t q  ?,ssociated, w.i.t,h i m p l ~ m ~ n t n . t i o n  of  these modal 
s h i f t  measures. 

* The base l ine  subsidy represents  p ro j ec t ions  of  cur ren t  AMTRAK and l o c a l  s e rv i ce  
a i r l i n e  subsidies. 

*U.S. GOVWNMFPT PRINTING OFFICE : 1980 0-311-119/708 


